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Preface

This book describes the CBA ItemBuilder, a tool implemented over the last years
for developing and delivering complex items and tasks. The CBA ItemBuilder is a
development environment for assessments enabling researchers, domain experts,
and teachers to develop complex itemswithout requiring any specific programming
skills. Possible item types include but are not limited to: web environment simu-
lations (including browser, search engines, etc.), desktop application(s) simulation
and simulations using finite-state machines. The CBA ItemBuilder has been used
in several national and international projects and is constantly being improved. It
is available free of charge for non-commercial projects. This book describes how to
use the CBA ItemBuilder for different user groups involved in the use of technology-
based assessments as part of Open Educational Resources.

 

 

The latest version can be found online as pdf, epub or as html at github.
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xxiv Preface

Thisbook is for itemauthors and researchers preparing andorganizing assessments
or analyzing the result data or log data from computer-based assessments.

For the following use-cases we have created section that allow to reach a particular
goal without the need to read the entire book:

• Quick start section 1.4 describes how CBA ItemBuilder project files that con-
tain one or multiple tasks with single items or units can be previewd. If you are
new to computer-based task authoring tools, you can download existing Item-
Builder projects, open them in the CBA ItemBuilder and use the preview func-
tion to view the items ‘live’. This allows, for instance, item reviewers to use the
CBA ItemBuilder to view (and review) items.

• Quick start section 1.5 provides the necessary information to explore the item
scores, that are created by a particular task defined in an CBA ItemBuilder
project file. This allows, for instance, domain experts to verify the scoring of
items, that is to relate test-taker’s responses to result variables provided by the
items.

• Quick start section 1.6 shows how identifiers that can be found in (log) data can
be linked toparts of the instrument, as it is required for scientists after obtaining
data collected with the CBA ItemBuilder. This allows, for intsance, using mock
items to explore interactive computer-based tasks.

• Quick start section 1.7 explains how to revise existing items (e.g., adapt, adjust,
modify or improve content).The ability to adapt the content of computer-based
items without having to consult with the programmers or designers of the item
material is one of the important prerequisites for open computer-based assess-
ments.

• Quick start section 1.8 summarizes how programmers can integrate content
generated with the CBA ItemBuilder into their Web application. Moreover, it is
explained howHTML content can be used as part of CBA ItemBuilder projects.1

• Quick start section 3.3 gives hands-on instruction how to create simple single-
page items using the CBA ItemBuilder. This section is intended for users who
want to familiarize themselves with the CBA ItemBuilder while using the soft-
ware.

• Quick start section 7.1 provides an hands-on example how to use the assessment
components created in section 3.3 to realize a typical offline deployment.

All quick start sections are cross-referenced to the relevant sections in themain text,
allowing readers to dive deeper into the subject matter if needed.

1The CBA ItemBuilder is software designed for item authors who want to use or create components
for computer-based assessment.Therefore, the CBA ItemBuilder is not a tool for programmers who can
create web-based assessments with their development environments without the CBA ItemBuilder.



Preface xxv

Structure of the book

 

 

For researchers, teachers, lecturers, content experts, students and Ph.D. students,
student assistants, and interested readers whowant to go deeper into the use of the
CBA ItemBuilder, the book starts with a short primer on computer-based assess-
ments in chapter 2.

Building on the objectives and some basic vocabulary, chapter 3 then describe the
implementation of assessment components using static components provided by
the CBA ItemBuilder.The static contentmainly covers the visible elements of items,
instruction pages, etc., and includes the development of items usingmultiple pages
and dialogs.

If the displayed task content should change either time-controlled or in reaction to
observed test-taker behavior, the items become dynamic. Chapter 4 deals with the
enrichment of assessment components, such as items, with dynamic content.

Chapter 5 of this book is then devoted in detail to the evaluation of answers, the so-
called Scoring of computer-based items.

For users who would like to plan and create new assessments, chapter 6 provides
further tips and suggested solutions for practical challenges in creating computer-
based assessments using the CBA ItemBuilder.

Chapter 7 summarizes possibilities to combine single CBA ItemBuilder project files
to complete assessments and introduces software tools and platforms to deliver as-
sessments in practice.

Chapter 8 finally deals with workflows, i.e., typical processes for preparing, testing,
delivering, and archiving computer-based assessments.

The book concludes with a discusses of the CBA ItemBuilder as a tool in the context
of open science and reproducible research.
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1
Introduction

 

 

Computer-based assessment (CBA)1 has gained importance in various research fields
that investigate human education, cognition, affect, experience, and human behav-
ior.The success of CBA is due tomany advantages for testing in general and formea-
suring competencies and skills in particular (see chapter 2). However, the develop-
ment of computer-based tests requires either programming skills or software tools.
Various successful software tools exist for computer-based surveys and question-
naires (e.g., limesurvey), for IMS QTI-based tests (e.g., TAO) and for interactive e-
learning content (e.g.,H5P).Data collection canalsobe implementedusing software
for electronic data capture (e.g., REDcap), for psychological experiments (e.g., Psy-
choPy or Open Sesame) or using the open source statistical software environment R
(e.g., Concerto, formr or even Shiny). The type of assessments that can be created
is often limited by the software tools or the developers’ resources and programming
skills.

However, the implementationofCBAcanbe laborious andexpensive.As a result, ap-
plicationsusingCBAmake lessuseof thepossibilities of the existing technology, and
how constructs are measured is affected by the available features of existing tools.
Moreover, when content experts write items on paper and technical experts imple-
ment the assessment material on digital platforms, it becomes more challenging to
unlock the diagnostic potential of CBA.

CBA ItemBuilder: In this book we will introduce the CBA ItemBuilder, an author-
ing tool for computer-based assessment that enables content experts to become test
authors and to design different item types with a graphical editor. The CBA Item-
Builder is created for persons with no, or with no specific programming experi-

1Synonyms are computer-based testing (CBT), technology-based assessment (TBA) or technology-
based testing (TBT).

1

https://www.limesurvey.org/
https://www.taotesting.com/
https://h5p.org/
https://www.project-redcap.org/
https://www.psychopy.org/
https://www.psychopy.org/
https://osdoc.cogsci.nl/
https://concertoplatform.com/
https://formr.org/
https://shiny.rstudio.com/
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ences. Researchers, (PhD)-students, content experts and teachers with no specific
background in web development can use the CBA ItemBuilder to create and imple-
ment complex items, after following some of the quick start tutorials provided in
this book, and after exploring some of the examples in the CBA ItemBuilder.

The CBA ItemBuilder, as a specialized development environment for assessment
material, provides a graphical page designer. The CBA ItemBuilder allows creating
itemswithmultiple pages byplacing elements (such as texts, radio buttons, buttons,
etc.) to specific locations in a visual editor (called Page Editor, see section 3.1.3).2

 

 

TheCBAItemBuilder is anopen-source toolused invarious contexts to create as-
sessment content. It is particularly suitable for implementing complex interac-
tive item formats (so-called technology-enhanced items, see section 2.3) but can
also be utilized for simple item types. The content created with the CBA Item-
Builder can be used together with various tools, such as TAO (see section 7.4).

ItemAuthors: Item authors, i.e., content experts or researchers, can use this graph-
ical editor to design one or several items by creating pages with images, texts or
videos, implementing special features for test-takers like timers or instant feedback,
defining rules for (automatic) scoring and create complex items with dynamic be-
havior (see section 2.11.1 for a more detailed discussion of the possible division of
labor for the creation of computer-based assessment content by item developers).

The available features of the CBA ItemBuilder are permanently extended and up-
dated. Features described in this bookmatch version 10.0.0 of the CBA ItemBuilder
and covers many of the features available in this version.3

Software Developers:The CBA ItemBuilder supports not all options to create in-
teractive items. However, the lack of functionalities or features does not necessarily
mean that theCBA ItemBuilder cannot beused for largeparts of creating computer-
based assessment content. Instead, software developers can be involved in imple-
menting themissing functionality as anHTML5/JavaScript.HTML5/JavaScript can be
integrated and used via iframes (or in the componentmodel of the CBA ItemBuilder
ExternalPageFrames). Moreover, items generated with the CBA ItemBuilder can also
be embedded intoother environments that render content asHTML5/JavaScript. Sec-
tion 1.8 summarizes the important things developers need to know about these two
use cases.

2The Page Editor is not yet WYSIWYG (i.e., “What you see is what you get”), but gives a rough vi-
sual impression of the page content, and the internal Renderer-view (see section @ref(#ui-project-view-
component-edit-embedded-html-explorer)) and the (external) Preview show the final layout (see section
1.4.2).

3For further information about the different versions of the CBA ItemBuilder, see appendix B.5. Note
that some of the screenshots might show older versions of the CBA ItemBuilder.

https://www.taotesting.com/
https://tba.dipf.de/de/infrastruktur/softwareentwicklung/cba-item-builder/cba-itembuilder


1.1 Installation & Requirements 3

1.1 Installation&Requirements

 

 

While the items created with the CBA ItemBuilder can be used in different web-
based environments (see chapter 7), a desktop application is necessary for design-
ing, authoring, and editing the CBA ItemBuilder project files. An install-wizard as
shown in Figure 1.1 is provided to install the CBA ItemBuilder to a default location
that does not require local administrator privileges.4

 

 

FIGURE 1.1: Item illustrating InstallationWizard (html|ib).

 

 

Before using the CBA ItemBuilder, the program must first be downloaded and
installed locally. No administrator rights are required for the installation, but
currently, CBA ItemBuilder is provided only forWindows computers.

4For a user with the user name USER_NAME the CBA ItemBuilder of a particular CBA_IB_VERSION is in-
stalled here: C:\Users\USER_NAME\AppData\Local\CBA_IB_VERSION\IB\cba-itembuilder.exe. Note that for pre-
vious versions of the CBA ItemBuilder it was suggested to avoid white spaces in path names and to keep
path names as short as possible.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InstallDemoWinVersion9_0/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InstallDemoWinVersion9_0.zip
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SystemRequirements: CurrentWindows operating systems (Windows 8, 10 and 11)
are supported. A computer with an SSD is recommended for fast and smooth oper-
ation.Minimal required disk space is 2 GB.Dual core CPU and at least 4 GBRamare
recommended.

Items are being created with the CBA ItemBuilder, a desktop application that re-
quires a Windows operating systems. However, the created assessment compo-
nents (so-called Tasks stored in CBA ItemBuilder Project Files) can be used in typical
Web Browsers on any operation system and device type (including mobile devices). A
build-in internal Rendering (see section 3.1.2) shows how pages will look like in aWeb
Browser and content created with the CBA ItemBuilder can be displayed in anyWeb
Browser installed on the local computer using the Preview-feature (see section 1.4).
The use of either Chrome, Firefox or the Chrome-based Edge browser is suggested.

 

 

To many technical termns? Note that this book contains a Glossary of Termswith
short descriptions (see appendix A).

TechnicalConfiguration:TheCBA ItemBuilder is configured using an so-called ini-
file (cba-itembuilder.ini). This allows activating and deactivating specific features
and running the CBA ItemBuilder in different environments. By default, the CBA
ItemBuilder is expected to run without modifying the ini-file. Details can be found
in the appendix (see appendix B.4).

De-Installation: The de-installation of a previous version of the CBA ItemBuilder
is (technically) not necessary. Copies of different versions of the CBA ItemBuilder
can be installed on a computer in parallel. However, to de-install a previous version,
just delete the CBA ItemBuilder folder or use the shortcut Uninstall CBA ItemBuilder
created during the installation.

Manual Installation: For developers the CBA ItemBuilder is also delivered as zip
archive without installer. To manually install the CBA ItemBuilder, extract the con-
tent of theziparchive to a local drive.TheplainCBAItemBuilderwill runafterunzip-
ping the content, after starting the executable cba-itembuilder.exe. The CBA Item-
Builder will require a free port (by default 7070). If this port is not available, adjust
the configuration in the file cba-itembuilder.ini (change: -Djetty.port={free port},
see appendix B.4 for detail).

MultipleVersions:Multiple instances ofCBA ItemBuilder can be installed in parallel
on one computer (see section 6.8.8 for use cases).
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1.2 Contact & Support

 

 

The CBA ItemBuilder is provided free of charge for non-commercial projects in the
field of education (i.e., educational research, psychological diagnostics and related
areas) by the Centre for Technology-Based Assessment (TBA), a scientific research
and infrastructure center at DIPF | Leibniz Institute for Research and Information
in Education.

 

 

To obtain the latest version of the CBA ItemBuilder, see information at the
homepage of the Centre for Technology-Based Assessment.

1.3 Quick Start: Get the Right Version

 

 

The CBA ItemBuilder is continuously developed, so there are different program
versions available. In order to reproduce the exact display of existing CBA Item-
Builder project, itmight benecessary touse the exact sameCBA ItemBuilder version
and, if possible, the identical browser. The development of the software follows the

https://tba.dipf.de/en
http://www.dipf.de/
http://www.dipf.de/
https://tba.dipf.de/en
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paradigm that a) older CBA ItemBuilder project files can be opened with newer ver-
sions of the CBA ItemBuilder, but b) older versions of the CBA ItemBuilder cannot
open project files saved with a newer version of the software. If project files created
with an older version of the CBA ItemBuilder are opened in a newer version (a), the
items are internallymigrated to the newer version (see section 3.2.1 for details about
thisMigration).

Which Version to Choose? If you are starting from scratch and using CBA Item-
Builder for the first time, install the latest version. If you have existing items that
you want to view in the preview (section 1.4), whose scoring you want to view (sec-
tion 1.5) orwhose log events youwant to explore (section 1.6), you could also consider
using the version with which these items were created and tested.5 If you are plan-
ning to update or revise existing items (see section 1.7) for an upcoming assessment,
youmight want to use the latest version of the CBA ItemBuilder.

How to Start: After installing the CBA ItemBuilder, it can be started by double-
clicking the icon or the executable file cba-itembuilder.exe in the installation direc-
tory (see section 1.1).TheCBA ItemBuilderwill allow editing of oneCBA ItemBuilder
project file at a time, and typically only one instance of the CBA ItemBuilder will be
opened at the same time.6

MainWindow:TheMainWindow of the CBA ItemBuilder consists of at different ar-
eas (see Figure 1.2): On the left side theProjectView is located,with theComponentEdit
below. The gray area right to the Project View is reserved for various editors, like the
PageEditor. If requested, additional views can be shownon the right part of themain
window.

 

 

FIGURE 1.2:CBA ItemBuilderMainWindow.

The Help menu of the main menu contains the entry About, that shows the version
information (see Figure 1.3).

Migration: It is important thatCBA ItemBuilder projects are never openedwith pre-

5How to find out which version an itemwas created with is described in the subsection 8.3.3.
6Note: An error message is displayed, when a second instance of the CBA Item Builder is started.

In this case the second instance of the CBA Item Builder terminates. If configured properly, new CBA
ItemBuilder versions (starting with version 9.4) can be used in parallel, see section 6.8.8 for details.
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FIGURE 1.3:CBA ItemBuilder About-Dialog.

vious version, i.e. versions that are older than the last version that was used to save
the CBA ItemBuilder project file. However, opening CBA ItemBuilder projects with
newer version is possible. If CBA ItemBuilder projects are opened and saved with
a newer version of CBA ItemBuilder, a so-called Migration is done automatically.7
Once a project file is migrated (i.e, opened and saved) to a particular newer version,
no version of the CBA ItemBuilder older than that particular version can open the
migrated project file.

1.4 Quick Start: Preview Items

 

 

Once theCBAItemBuilderhasbeenstarted,ProjectFiles canbeopenedandpresented
using the so-calledPreview feature.Topreviewan itemmeansopening theprojectfile
within theCBAItemBuilderdesktopapplicationand requesting thepreview feature,
which will bring up a web browser that shows a particular task.

7Migrations might require changes and corrections if the functionality of CBA ItemBuilder changed
(see section 3.2.1).
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FIGURE 1.4:Example item to test Preview (html|ib).

 

 

Please note the two links in the figure caption of Figure 1.1. The link html gives
access to the HTML representation of the CBA ItemBuilder item shown in the
particiular Figure 1.1 and the link ib refers to the CBA ItemBuilder project file
that can be downloaded and opened with the CBA ItemBuilder.

In the following, we assume that you have either already received CBA ItemBuilder
project files with item material. You could have obtained the CBA ItemBuilder
project file from a collaborator, or a research data center (e.g., DIPF FDZ) or that
you are starting to explore example projects from this book that can be downloaded
from links provided in the figure’s captions (html|ib).

1.4.1 Basic Terminology

The CBA ItemBuilder is used to create and manage item projects. In order to im-
plement a typical computer-based assessment, multiple project files are created and
edited with the CBA ItemBuilder. If an assessment is created by several people, the
individual project files can be shared and edited with one instance of the CBA Item-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleItemToPreview/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleItemToPreview.zip
https://www.dipf.de/en/knowledge-resources/research-data-centre-education
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleItemToPreview/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleItemToPreview.zip
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Builder of the appropriate version. To see how the content of a project file actually
looks like in the assessment, the Preview function can be used.

Project File: Projects files are zip archives that can be opened, edited, ormodified and
previewed with the CBA ItemBuilder desktop application to see the content of the
assessment material that is included in that file. All content that belongs to an item
project is stored in the zip archives, and the zip archives should be modified only
with the CBA ItemBuilder as editor.

Project files contain all the information that belongs to a particular part of an assess-
ment (e.g., an item, a unit, an instruction, etc.). More specifically, project files in-
clude:

• The visual design of the item in terms of one or multiple pages, input elements,
graphics etc. is included in the project file (see section 3.3).

• At least one starting point (referred to as the entry-point defined as a so-called
Task, see section 3.6 for details) must be defined. If multiple parts of the assess-
ment are defined in one project file, multiple Tasks can be defined.

• The internal logic controlling the behavior of the item (using so-called finite-state
machine, see section 4.4) are included directly in the project file.

• The definition of potential scoring rules (see chapter 5) are embedded in the
project files.

• Additional resources (such as images, sound, and video files, see section 3.10.1)
required to render the assessment can be included in the project files.

Assessments implementedwith theCBA ItemBuilder use oneormultiple projectfiles.
The option of previewing CBA ItemBuilder project files, presented in this section, al-
lows to view and inspect parts of assessments outside and independently from the
delivery platform.

After a project file has been saved locally on the computer on which the CBA Item-
Builder is installed, it can be opened to start the preview. A typical file menu (see
Figure 1.5) gives access to the basic functions for creating new projects (New project)
opening existingCBAItemBuilderprojectfiles (Open project), for savingaprojectfile
(Save), for renaming project files (Save As ...), and for closing the current project file
(Close project).8

Project Files, i.e., zip archives containing parts of assessments, can be copied,moved,
and shared like ordinary files. Project files can also bemanaged using version control
tools (e.g., GIT or SVN, see section 8.3.2).

One specific feature needs to be mentioned briefly (see section 3.2.1 for more infor-
mation):

8Note that a project file has a file name and an internal project name (see section 3.2.1.)
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FIGURE 1.5:CBA ItemBuilder File-Menu.

 

 

CBA ItemBuilder Project Files are zip archives with a file name. In addition, each
project has aProjectName.Project and FileName can be different, but it some soft-
ware tools used for test assembly and deployment (see chapter 7) might require
that the Project Name is identical to the File Name (see section 3.2.1).

The zip archives created by the CBA ItemBuilder as Project Files contain everything
needed to develop and use a particular assessment component, including the gen-
erated configuration files required for deployment (see chapter 7 for details). This
configuration or code is automatically generated when the item is saved using the
CBA ItemBuilder, and it is specific to a particular version of the CBA ItemBuilder.

1.4.2 Preview Item in Browser

The best way to get to know the CBA ItemBuilder is with concrete examples. In this
manual all embedded items are linked as CBA ItemBuilder project files. As soon as
you have downloaded a concrete CBA ItemBuilder project file and saved it as a zip
archive locally on your computer, it can be opened with the CBA ItemBuilder. This
link provides access to the CBA ItemBuilder project file shown in Figure 1.4.

Preview:The content of a CBA ItemBuilder project file can be displayed in a web
browser in the way, the content will be presented in the actual assessment.This fea-
ture of the CBA ItemBuilder is called Preview.

There are several ways to request the preview for an opened CBA ItemBuilder project
file.The easiest way is to use themainmenu (Project > Preview project see first entry
in Figure 1.6).

After calling the previewvia themenu (or using the icon
 

 

of theToolbar, see section
3.1.1), the Preview dialog appears (see Figure 1.7). This dialog allows selecting which
part of the project file should be previewed. Typically a task is previewed, and often
a project file contains only one task. In this case, the default selection (the first Task

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleItemToPreview/Task01/


1.4 Quick Start: Preview Items 11

 

 

FIGURE 1.6:CBA ItemBuilder Project-Menu.

will be previewed, see Task01 in the example shown in Figure 1.7) must be confirmed
by pressing OK.

 

 

FIGURE 1.7:CBA ItemBuilder Preview-Dialog.

CBA ItemBuilder projectfiles can containmultiple entry points, calledTasks (see sec-
tion 3.6 for details). Each Task can select a different parts of an CBA ItemBuilder
project file by specifying the starting Page.9 If multiple Tasks are defined, the Preview
follows navigation request for next and previous Tasks and shows the Tasks accord-

9If the task uses a so-called X-page layout, the first two pages that appear on screen are defined in the
task definition (see section 3.6.2).
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ing to the order, in which they are defined within the CBA ItemBuilder project file.
The Previewwill apply proportional scaling if requested using the ScalingOptions (see
section 3.2.2 for details).

 

 

CBA ItemBuilder project files contain one or multiple Tasks. Tasks are the entry
points that are used for assessments. Hence, the preview of a particular Task is
typically the right choice.

The preview dialog also can be used to preview selected pages directly. This option
is only of importance during the development of assessment material (see chapter
3). Moreover, the dialog also offers the possibility to preview the project if no task is
defined, using the first defined page as the (temporary) entry point.

Which (Web-)Browser should be use for Preview?The preview of the CBA Item-
Builder uses the so-called default browser of a computer to show the assessment
materials such as items, if configured as Systems Default Browser in the dialog Pref-
erences in the section CBA Preview (see Figure 1.8):

 

 

FIGURE 1.8:CBA ItemBuilder Preferences-Dialog.

The dialog shown in Figure 1.8 also shows additional settings, such as the auto-save
configuration (see section 3.2.1) and the hot keys used for ScoringDebugWindow (see
section 1.5.2), the Trace DebugWindow (see section 1.6.2) and the StateMachine Debug
Window (see chapter 4).

If different browsers are expected, given a particular delivery strategy, it should be
ensured that the items, including the externally integrated components, are com-
patible with the used browsers. Section 8.4.1 describes how the preview can be used
in different browsers to check the cross-browser compatibility locally.

Automatic Start (Autostart): Web browsers prevent audio and video files from play-
ing before the first user interaction.This security setting is not a restriction in prac-
tice since a login or welcome page is usually displayed before the first item. After



1.5 Quick Start: Explore Scoring 13

clicking a button on this page, for example, audio and video components can then
be started automatically on all subsequent pages. However, this does not apply to
the preview, which uses a new browser or browser tab.The Preview can be requested
with a log-indialog (see the checkbox Show login dialog inFigure 1.7) to allow thepre-
view audio and video components with auto-play. Otherwise, a warningmessage is
shown as displayed in Figure 1.9.

 

 

FIGURE 1.9:Warning about autostart of audio and video components.

Summary: With the CBA ItemBuilder, assessment components can be created as
project files. Complete assessments with multiple tests or booklet designs with rota-
tions (see section 2.7.2) usually consist of a sequence of many assessment compo-
nents (i.e., several project files with the corresponding tasks as the entry points). Us-
ing the preview function described in this section, the individual assessment com-
ponents stored in a particular Project File can be displayed and checked directly from
the CBA ItemBuilder.Thus, the components of assessments can be viewed even out-
side the sometimes complex rotation designs.

1.5 Quick Start: Explore Scoring

 

 

 

 

This section is intended for readers who already have CBA ItemBuilder project
files and want to preview and check scoring with CBA ItemBuilder.

Viewing assessment content created with the CBA ItemBuilder in the preview (see



14 1 Introduction

section 1.4) also allows to view the built-in automatic scoring. A possibility to access
the automatic scoring of tasks is useful, for example, to check which scoring results
from a specific input or a certain test-taking behavior.

 

 

A possibility to examine the automatic scoring of computer-based items is es-
sential for creating assessments and interpreting data from computer-based
tests.

In the following, it is assumed that assessment content created with the CBA Item-
Builder is available that contains automatic scoring rules. This section aims to pro-
vide the required information for exploring the implemented scoring in project files,
either for testing or understanding available instruments.

1.5.1 Basic Terminolgy

A majority of assessments conducted for the different use cases (see chapter 2) can
be described as a data collection based on responses or test-taking behavior within
a computerized environment. Accordingly, it can be useful to think of the result of
assessments as a data set, typically with persons in rows and variables in columns.

ResultVariablesvs.ScoreVariables: For eachperson, the data set should contain the
scored final answer to each item (e.g., a score variables either 0 for wrong, 1 for cor-
rect). The data set could also include a variable for the selected answer option (i.e.,
a raw result variable). Result variables and score variables can be defined for sim-
ple single choice tasks (see section 2.2) simply by naming the possible and correct
answer option(s). For more complex computer-based items, the definition of a re-
sult variable may already rely on several input elements or may require the use of
information from the test editing process.

Typically, score variables assign credits (no credit and full credit for dichotomously
scored items and one or multiple additional partial credits for polytomously scored
items) to possible result variables’ values. In other words, once all possible values
of result variables are defined, the definition of the scoring variables is also almost
done. Unfortunately, for polytomously scored items, defining partial credits is not
necessarily possible without taking into account empirical data tomake sure the in-
tended order of partial credits holds empirically.

Manual Scoring vs. Automatic Scoring: An important distinction concerns the dif-
ference between automatically scored answers and manually scored answers. The
integrated handling of scoring definitions implemented in CBA ItemBuilder con-
cerns automatic scoring of mainly closed answers. This refers to responses by se-
lecting an input element, selecting a page, entering a particular state, etc. For free
text answers, the automatic scoring is limited to the identification of given text by
means of regular expressions.
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ClassesasVariables: Each variable, i.e., each column in the result data set, is defined
in the CBA ItemBuilder as a so-called class. Each part of an assessment, which is
defined as aCBA ItemBuilder project file, can generate any number of result variables
and the corresponding classes are defined within the tasks. Accordingly, the classes
form the columns of the result data set.Thereby variables can either have categorical
values (called hit-conditions) or take over character strings into the result variables
(called result-texts).

Hit-Conditions as Values: Hit-conditions are logical expressions, which combine
one ormore possible inputs of test-takers. If, for instance, the correct answer option
is selected in a single choice item, this can be indicated by a first hit-condition. If a
wrong answer option is selected, this can be indicated by a second hit-condition. If
the two hit conditions are defined so that either one or the other condition is active,
then the two hit-conditions form the values of one variable. The assignment of hits
to classes specifies this relationship of hit-conditions as the variable’s values. The
CBA ItemBuilder provides a variety of options to define hit-conditions (see section
5.3).

Missing Values: Besides the hit conditions defined for specific constellations of re-
sponses,missing answers canfind special consideration. Fordistinguishing reasons
why replies or responses are not available for a particular test-taker in the result data
set, hits can also be defined for so-calledmissing values (see section 2.5.2 formore de-
tails).

Text Responses: Beyond categorical variables, whose values can be defined by hit
conditions, there are also answer variables that contain the text answers. For such
variables, the sorting definition consists of specifying from which input elements
the result text should be taken (see section 5.3.10).

Codebookvs.ScoringDefinition: For the result data set of a computer-based assess-
ment, all used variables should have so-called variable labels. For importing the data
sets into statistical programs like SPSS, Stata, or R, the definition of a data type for
each variable can also be useful. This information per variable is typically stored in
so-called codebooks. Codebooks for CBA ItemBuilder tasks should define for each
classwhether it should be used as a categorical variable (i.e., hit conditions are used
as values) or whether it uses the result text (i.e., the variable represents a text re-
sponse). For categorical variables, the value labels can then also be defined in the
codebook.The possible values of categorical variables are defined as hit conditions.
For each hit condition, a value label and, if necessary, a numerical valuemust be de-
fined in the codebook,withwhich thevaluesof the categorical result variables should
be represented in thefinal result data set. ForCBAItemBuilder tasks inassessments,
the codebook represents a translation of the scoring definitions into result data sets.
The next section describes how the scoring definition for CBA ItemBuilder tasks can
be checked and displayed directly in the embedded preview, using the ScoringDebug
Window.
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1.5.2 ScoringDebugWindow

Direct access to verify the scoring definition based on classes and hit-conditions for
a running item is provided as the so-called ScoringDebugWindow. If configured, this
window can be called directly by a key combination (default is Strg / Ctrl + S, see
appendix B.4 for details) as soon as the preview for a Task or a Project is requested
as described in section 1.4.2. The Scoring Debug Window is available when a Task or
Project is previewed using the CBA ItemBuilder.10

 

 

FIGURE 1.10:CBA ItemBuilder Scoring DebugWindow.

Figure 1.10 shows a screenshot of the Scoring Debug Window for the example item
shown in Figure 1.11. The Scoring DebugWindow is organized into three sections:

• The first section displays summaries for the entire task.This information can be
useful for simple items (see section 5.4). Regarding the general description of
automatic scoring using the CBA ItemBuilder, provided in this section, the task
summaries are not relevant.

• The second section contains the list of all hits assigned to classes and, if used, the
result text. This list contains the information described in the previous section.
The interpretation of these outputs is described in detail by means of examples
in the following section.

• Finally, the third section, not describedhere indetail (see section 5.3.2), contains
potentially existing miss-conditions.

The three lines of the hits table in figure 1.10 can be read as follows: Line 1 shows
that the hit Question1_Wrong is active, which is assigned to the class Variable1Score.
Line 2 says that the hit Question2_Wrong is active, which is assigned to the class Vari-
able2Score. Line 3 finally shows that the hit Question3_Wrong is active, which is as-
signed to the class Variable3Score. As the hit names suggest, neither Question1,
Question2 nor Question3 was answered correctly. For all three variables in the data

10No Scoring DebugWindow is pesent for the preview of single Pages.
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set, the expected information would be that the respective question were answered
wrong.

Figure 1.10 shows the Scoring Debug Window for the CBA ItemBuilder project file
shown in Figure 1.11. For the shown task three questions are defined on one page.
Question 1 is answered correctly if option C is selected. Question 2 is answered cor-
rectly if option A and B are selected.The correct answer for question 3 is D.

With the help of the Scoring Debug Window, it can now be checked that the correct
answer also causes the hit, which shows a correct answer to be activated.

 

 

The ScoringDebugWindow can be used to checkwhich hit is active for each class at
any given time. The Scoring DebugWindow is available in the Preview (see section
1.4.2) and in the examples embedded in the online version of this book.

The active hit ormiss as shown in the column Nameof the ScoringDebugWindow or the
provided Result text is used as value for a variable (see column Class).

Examples:The CBA ItemBuilder shown in Figure 1.11 can be used to play with the
Scoring Debug Window. In this project, the scoring definition differentiates wrong
vs. correct responses. Accordingly, with respect to the differentiation in score vari-
ables and result variables, Figure 1.11 only contains score variables. To understand
this property, select different wrong answers to the three questions for the follow-
ing item and check the scoring with the Scoring Debug Window. As you can see,
there is a distinction between correct and wrong answers. Which wrong answers
are selected for the three questions is not taken into account in the scoring.

Figure 1.12 contains the identical three questions, but now with a scoring that con-
tains result variables as well as score variables. A deployment platform that can han-
dle CBA ItemBuilder tasks is expected to provide the variable as defined within the
tasks. If the result data should contain variables that containwhich answerswere se-
lected in addition to the variables for correct versus wrong answers, the result vari-
ables can be defined as part of the CBA ItemBuilder scoring.

For the Single Choice task (question 1), a hit shows the different possible choices
(compare thehits Question1_OptionA, Question1_OptionB, Question1_OptionC, and Ques-
tion1_OptionDwhich are all assigned to the class Question1).

Note, however, that for the Multiple Choice task (question 2), one class (i.e., one
variable) is defined for each option. Accordingly, two hits for the class Variable2A
show if option A for question 2 is selected (Question2A_Selected) or not selected
(Question2A_NotSelected). One result variable is required for each option of aMultiple
Choice task (see the classes Variable2A, Variable2B, Variable2C, and Variable2D).More-
over, as already shown in Figure 1.11 , the score variable for question 2 indicates if the
two required options are selected (see hits Question2_Wrong and Question2_Correct for
class Variable2Score).

https://cba.itembuilder.de
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FIGURE 1.11: Scoring-example (score-variables, html|ib).

Finally, for theConstructed Response task (question 3), the class Question3 only has one
assigned hit (Question3).This hit, however, uses the so-called result_text()-operator
(see section 5.3.10 for details). Using theresult_text()-operator causes the entered
character to be displayed in the Result text column of the Scoring DebugWindow. This
illustrates that the text entered in the input field (here only one letter) can then be
used for the result data set.

Summary: The definition of automatic scoring of items is described in detail in
Chapter 5. Accordingly, this section did not describe how to define scoring. But it
was shown that with the help of the Scoring DebugWindow in the preview of the CBA
ItemBuilder, the defined scoring can be checked and displayed for different inputs.
In order to check for existing ItemBuilder project files whether the integrated scor-
ing works correctly, it is not necessary to check the various rotations of a test deliv-
ery with a booklet design.The checking of the scoring can be done separately for the
individual assessment components.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartScoringExample1/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartScoringExample1.zip
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FIGURE 1.12: Scoring-example extended (with result-variables, html|ib).

1.6 Quick Start: Explore Log Events

 

 

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartScoringExample2/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartScoringExample2.zip
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This section is intended for readers who want to interpret log data of an assess-
ment carried out with the CBA ItemBuilder. To be able to view live which log
events are provided for which user interaction, the preview can also be used.

An important challenge in documenting log data is to enable secondary researchers
to understandwhichuser interactionswithin the assessment led towhich (basic) log
events.

To interpret log data of computer-based tests, some form of documentation is nec-
essary. For assessments created with the CBA ItemBuilder, the CBA ItemBuilder
project files can be used for documentation purposes (see section 8.7.2 for details),
after sensitive item content is replaced with dummy text (image or media files).

1.6.1 Basic Terminology

If CBA ItemBuilder project files are available, researchers can inspect not only the
scoring (see section 1.5) in the preview (see section 1.4), but also get an impression
of the additional behavioral data created during the task execution.

 

 

Tasks shown in the CBA ItemBuilder Preview can also be used to inspect the re-
cent events collected as log data.

Log Events: The following basic understanding of log events is necessary to assign
the processing behavior to the log data. Log data consists of single log events. Log
events can result fromuser interaction (e.g., clicks) or internal system changes (e.g.,
timers). In the context of assessments, log events always occur with an assignment
to a person. There is always a person identifier associated with a log event (that can
have different names such as actor, pupil, student, test-taker, respondent, etc.). Log
events also always occur at a particular time. Accordingly, at least one timestamp is
always associatedwith log events, indicatingwhen the event occurred. Other times-
tamps that show, for instance, when the event was transmitted or received are pos-
sible but not mandatory for log events. The meaning of log events is encoded in the
so-called event type (sometimes also denominated as event name). How events of a
certain event type can be interpreted should be comparable for assessments using
the same assessment platform. However, the meaning of identically named events
may differ between different assessment platforms. An event of a particular event
type that occurred at a specific time can be the central information in particular log
data.However, events of a particular event type can also provide additional informa-
tion. For example, a mouse-click event could inform about whether the right or left
mouse button was clicked. This additional information is called event-specific data.
If the event-specific data can be described by enumerating key-value pairs, we also
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speak of event-specific attributes. Event-specific data can be mandatory (i.e., every
event of this event typeprovides it) or optional (i.e., events of that event type canpro-
vide this information but donot have to). Finally, log events always have an identifier
for a part of the assessment (instrument identifier). In the context of log data collected
with the CBA ItemBuilder the name of the CBA ItemBuilder project (i.e. the name
of the project file) is often sufficient.

Original Items: If the original items are available, i.e., the ItemBuilder projectfiles are
available as they were used in a delivery platform (see chapter 7), the preview of the
CBA ItemBuilder can be used to explore the triggered log events using the Tracing
DebugWindow described in the next section. Suppose the original project files can be
used. In that case, it is automatically ensured that the so-called UserDefinedIds of
the individual components used in the CBA ItemBuilder, which can be affected by
user interactions, can be identified in the event-specific data of the log events. The
UserDefinedIds are necessary for the interpretation of log events as soon as several
components of one type within an ItemBuilder project have to be distinguished in
order to assign the log events exactly (see section 3.7.4 for details).

Mock-Items: Unfortunately, for some instruments it is necessary to keep the task
content secret. The stimulus and question texts, the concrete tasks, pictures, audio
and video files, etc. must then be kept confidential. However, the confidential item
contents are not necessary to explore the computer-based instrument concerning
log events that are triggered by different user interactions. Mock-items are items
in which the protected item contents have been replaced, keeping the structure and
especially the UserDefinedIds unchanged (see section 8.7.2 for more details).

 

 

If for interpretation of log data the original items or carefully created mock-
items for an instrument are available in form of CBA ItemBuilder project files,
the log events can be explored with the Tracing DebugWindow.

Since the CBA ItemBuilder versions can differ concerning the collected log data, it
is suggested to use the identical CBA ItemBuilder version if this feature is used to
make sense of log data from existing data collections (see section 1.3).

1.6.2 Trace DebugWindow

Like the Scoring DebugWindow, the Tracing DebugWindow is a functionality provided
by the CBA ItemBuilder during the preview of tasks. To use this feature, an original
item or mock itemmust first be opened with the CBA ItemBuilder in the appropri-
ate version. Afterward, as described in section 1.4, the preview must be requested.
As soon as a task is previewed, a key combination (default is Strg / Ctrl + Y, see
appendix B.4 for details) requests the Tracing DebugWindow.
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FIGURE 1.13:CBA ItemBuilder Tracing DebugWindow.

Figure 1.13 shows a screenshot of the Tracing Debug Window for the example item
shown in Figure 1.14.

Select the answer by clicking on one of the buttons. The Tracing Debug Window dis-
plays the past log events of the interaction with the currently displayed item:

• The first column contains a counter for the log events.
• The second column shows the timestamp.
• The third column is filled with the event type.

All following columns contain event-specific data, including the UserDefinedId. The
Tracing DebugWindow can be used to display the recent log events. After some time,
the entries are deleted, i.e., only the most recent log events are displayed. Note that
the input focus must be within the item before the keyboard shortcut is detected.
The text click here in the example item (see, for instance, Figure 1.14) reminds you to
set the input focus before pressing Cntrl + Y. While the Trace Debugger is open, no
further log events are triggered respectively registered.

Examples:The CBA ItemBuilder project file shown in Figure 1.14 gives an insight
into how the TracingDebugWindowworks In this example simple buttons are used to
implement a Single-Choice Item.The buttons are arranged in an identical way on dif-
ferent pages.With the help of the UserDefinedId of the buttons the selection behavior
can be traced.

Summary: The Tracing DebugWindow of the CBA ItemBuilder’s preview can be used
to display which log events a particular user interaction has within the computer-
based assessment components. The complete list of implemented log events of the
current version of the CBA ItemBuilder can be found in appendix B.7. Additional
log events can be added by the execution environment (see chapter 7). Log events are
generated bydefault (i.e., no specific configuration is required to enable logging, see
section 2.8).
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FIGURE 1.14: Button-example for single-choice response format (html|ib).

1.7 Quick Start: Revise ItemContent

 

 

 

 

This quick start section is intended for use caseswhere there are already existing

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartExploreLogging/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QuickStartExploreLogging.zip
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CBA ItemBuilder projects that require only minor adjustments or changes. If
you want to create new items, jump to the quick start section 3.3).

A primary motivation for developing an authoring tool for computer-based assess-
ments was that item content should be easy to create and adopt without program-
ming knowledge. Content experts should use the CBA ItemBuilder to develop as-
sessment components and modify, adapt, and improve existing content. The sub-
sequent section deals with this use case. In the following, it is assumed that assess-
ment components (i.e., tasks or items) already exist in the form of CBA ItemBuilder
Project Files, which are to be adapted, revised, or changed.

Theremay be several reasons why existing assessmentsmight be adapted andmod-
ified.The ability to makeminor changes is an essential part ofOpen Assessments. Po-
tential reasons why existing instruments (i.e., assessment components in the form
of instructional pages, tasks, and questions) should be adapted, could include:

• An instrument computerized using the CBA ItemBuilder is not available in the
required language and should be translated by a content expert into a new lan-
guage.

• An instrument was translated by an expert, and the translation was verified.
However, since different languages require a different amount of space, so-
called layout adaptions might be required for the assessment components cre-
ated with the CBA ItemBuilder.11

• Computer-based instruments include additional components besides the actual
test created by tasks and questions that embed and frame the assessment into
a particular context. However, wording that was appropriately and accurately
chosen for a particular occasion may be disruptive, obstructive, or misleading
for further application of a test or instrument. This may relate only to how the
target persons are addressed, to the wording in the consent form for participa-
tion, or other parts of the text used within assessment components.

• Within items, tasks or questions, individual phrases may need explanation for
a particular target audience or may need to be replaced with other phrases that
are more familiar or common to target audiences.

• Finally, perhaps some questions or tasks should be excluded or changed. As
far as the changes require adjustments within Project Files, these can be imple-
mented with the CBA ItemBuilder. Changes that affect the composition of as-
sessments frommultiple CBA ItemBuilder Project Filesmust then be configured
in the test delivery software (see chapter 7).

11Note that in previous projects that used the CBA ItemBuilder in multilingual assessments, an auto-
mated translation process was used using the XLIFF format (see section 6.9).The current version version
10.0.0 might not fully support XLIFF. please contact the support, see section 1.2).

https://tba.dipf.de/de/infrastruktur/softwareentwicklung/cba-item-builder/cba-itembuilder
https://tba.dipf.de/de/infrastruktur/softwareentwicklung/cba-item-builder/cba-itembuilder
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Test and questionnaire development of psychometric instruments requires a scien-
tific approach and in-depth understanding of the construct itself and the process
of item development, test theory, and validation that goes far beyond the technical
implementation in an assessment software. When items of computer-based tests
are developed and scaled in terms of calibration, changes to item content and sig-
nificant changes to response formats and itempresentationmay need to investigate
and, in case, re-scale themodified items (see section 8.7.4 for a detailed discussion).

 

 

Modifications to psychometrically developed tests andquestionnaires can inval-
idate the instruments or at least require empirical studies to investigate psycho-
metric properties of modified instruments.

Hence, the following section can only describe from a purely technical perspective
how CBA ItemBuilder Project Files at hand can be used as a starting point for sensi-
tive changes to existing assessment components. CBA ItemBuilder Project Files could
be available, for instance, because they were provided by a research data center or
shared by other scientists.

1.7.1 Basic Terminology

In order to modify and adapt assessment components created with CBA Item-
Builder, a rough understanding of the structure of CBA ItemBuilder Project Files is
required first. Project Files can be thought of as a workspace that contains all content
that can be edited with the CBA ItemBuilder.This content is divided into the follow-
ing units:

• Pages: Content is placed on pages and one or more pages are displayed simul-
taneously. In the Project View (see section 3.1 for a full description of the user in-
terface) all pages are listed. If you right-click a page and select the entry Preview
Page, you can view each page in isolation in the browser as it will then look dur-
ing the runtime of the assessment. The pages have names assigned by the item
author. Do not rename pages, because they are used as references for links and
in the possibly configured dynamic parts. If all the contents of a Project File are
to be translated, all pages must be edited. If only one part is to be adjusted or
changed, the appropriate page must first be found. Pages can be previewed, or
opened by double-clicking in the Page Editor.

• Components: The Page Editor shows a design view for editing pages. Pages are
designed by placing components in the Drawing Area of the Page Editor. The de-
sign view is not 100% the same as how a page will look at runtime, but it reflects
which component is placed at which position. Components are hierarchically
nested on pages and can only be inserted in certain orders.
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In the Page Editor elements can be selected but also moved by drag and drop. Be
careful andundounwanted changes byusing theUndo function (see section 3.7).

Two views of the CBA ItemBuilder are central for editing components:

• Component View: Without going into detail about the design of pages using com-
ponents (see section 3.7), the so-called Component Edit provides direct access
to all components of a page. The Component Edit is the tab next to the Project
View. It is possible to navigate within the tree view of the Component Edit to see
nested components. To modify the properties of existing components, the con-
textmenuof components that opens after right-click oncomponents in theCom-
ponent Edit can be used.

• Property View: In order to be able to change the visible parts of components, it
is first necessary to identify what type of component it is. The type of a compo-
nent is displayed directly in the Component Edit in square brackets. To view and
change further details about the components, the entry Show Properties View can
be selected from the context menu of the component in the Component Edit.This
opens the Properties view in the right area of the CBA ItemBuilder.The Properties
view allows to edit properties of the component that is currently selected in the
Drawing Area of the Page Editor or in the Component Edit. Most properties, with
the exception of editing formatted text, can be changed directly in the Properties
view.

Adaptations may also be necessary for images, audio, or video files that are used to
design pages of assessment components in Project Files:

• Resource Browser: Images, videos and audio files are not created with the CBA
ItemBuilder. Instead, media files are embedded into the Project Files and com-
ponents link to the required resources. All resources included in a Project File can
be viewed (and exchanged) via the Resource Browser, which can be opened via the
menu Project and the entry Resource Browser.

With the help of the above-mentioned features of the CBA ItemBuilder, items can
be customized and, for example, translated, as described in the next section.

1.7.2 Change Content in Existing Project-Files

To make changes to an assessment component created with the CBA ItemBuilder,
the Project Filemust be opened.The CBA ItemBuilder requires additional configura-
tion to allow opening two parallel programs on one computer (see section 6.8.8). As
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described in detail in the chapter 3, content can be edited using the Page Editor and
assessment components created using the CBA ItemBuilder can be modified. For
some selected purposes, the specific dialogs are available.

 

 

TheCBA ItemBuilder provides the Edit all text fields function (in the Project
menu), which can be used to make text changes and translations easily.

Change Texts using the Edit Text Occurrence-Dialog: For changing text, the CBA
ItemBuilder provides a function that displays all components with text.The text can
be changed immediately by double-clicking, without the need to open single pages.
To use this function a Project Filemust only be opened.Then the option Edit all text
field can be accessed via the menu Project. In the dialogue opening thereby (see
illustration 1.15) all components are indicated, which have a text property.

 

 

FIGURE 1.15:CBA ItemBuilder Edit Text OccurrenceDialog.

The page on which a component with a particular text is placed is shown in the first
column of the dialog shown in Figure 1.15. A preview of the text is shown in the sec-
ond column, followed by the UserDefinedId (i.e., the user-defined internal identifier
of the component).Thecolumns Type, Componentand Attribute informabout the types
of the component the text belongs to. Do not translate texts that you don’t expect to
be shown in the assessment to test-takers (such as texts used as variable names for
components of type MapBasedVariableDisplay).

 

 

Texts that were included via images when designing assessment components
with the CBA ItemBuilder must be replaced by replacing the images.

Depending on the design of the items by the item authors, it may be necessary to
modify componentsmanually, as described in the following. Ingeneral, thewayhow
to change properties and the content of component depends on the type of compo-
nent.The typeof each component canbe identifiedwhen the component is displayed
in the Component Edit.
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Change Text in Property View: For all components that only show text in one par-
ticular font size and font family (e.g., TextField, Button, Link, RadioButton, CheckBox,
…), the text can be changed by changing the value of this property in the Properties
view. For components that allow text to be formatted differently (formatted text),
the CBA ItemBuilder provides internal editors (see the next subsection). To change
simple text using the Properties view, the page must first be double-clicked for edit-
ing in theProjectView.Then you can switch to theComponentEdit (the next tab right to
theProjectView). Expanding the tree in theComponentView is possible using the small
arrows left to the text naming the [component type].With the help of the rightmouse
button and the entry Show Properties View the Properties view can be shown.The Prop-
erties view always shows the properties of the component selected in the Component
View / Page Editor. The Properties view is a powerful tool within the CBA ItemBuilder,
allowing for instance, to adjust the displayed text ofmany components changing the
value in the section Text of the Properties view.

 

 

If more space is needed by changing the text, the size of each component can be
adjusted using the ‘Width’ and ‘Height’ properties. You may also need to adjust
the position via the X and Y properties.

The font and font size used to display components with a text property can be ad-
justed in the Appearance section of the Properties view.

Change Formatted Text: Components of type TextField, HTMLTextField and Image-
TextField do not use the Text Property. Instead, the text for these components can
each be edited with a separate text editor, which also provides functions for format-
ting text sections. To open this editor these components can be double clicked in the
Page Editor. TextFields and ImageTextFields also provide the entry Edit Rich Text in
the context menu of the Component Edit. After an editor is opened for editing, the
text can be changed. The changes are applied when the editor is closed via the Save
and Close button.

Change Images, Videos and Audios: Components that show images or play videos
or audio files refer to themedia files embedded in the Project Files.The references are
shown in the Properties view. To change or adjust media files, the reference can re-
main unchanged if the file name and file extension remains identical. It is sufficient
to update themedia files themselves (see section 3.10.1). Note that in case of images
and videos the updated files require to have the identical size. Images are used with
many different components for designing CBA ItemBuilder Pages, for instance, as
background in containers of the type Panel (see section 3.10 for details).

If text is included in many images (instead of having images in the background and
transparent components to show text on top within the CBA ItemBuilder, see sec-
tion 3.7.5), we suggest the following: First export all images from aCBA ItemBuilder
Project File that contain any text. This can be done manually by clicking on each im-
age in the Resource Preview of the Resource Browser and exporting it via Save Image (or
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similar). Alternatively, the CBA ItemBuilder Project File can also be opened using a
program for ZIP archives to copy the image files from the sub-directory resources
(see section 8.3.3 for details).

Translated ormodified image files, audio files or videos can be easily replaced by Add
in the Resource Browser. To do this, close all open pages beforehand (so that no Page
Editor is visible anymore).

Change Text Mapped to Numbers: The CBA ItemBuilder also supports the display
of dynamic content with various components. For this purpose, so-called Value Maps
(see section 4.2.4) are used to assign texts, images or videos to numerical values
(Guards). The images used there can be exchanged with the help of the Resource
Browser, as described. Texts, however, must be edited in the Value Map Details. For
this purpose, the entry Browse Value Maps can be opened via the menu Project. If a
ValueMap contains text, then this can be edited after selection of theValueMap in the
ValueMapDetailswith the help of the Edit button.

 

 

A step-by-step approach is recommended for the modification of assessment
components. Check adjustments with the help of Preview beforemaking further
changes.

The CBA ItemBuilder automatically checks the consistency of the configuration
when a large number of changes are made and displays an error message if nec-
essary. A collection of errormessages and possible solutions can be found in section
6.8.4.

1.8 CBA ItemBuilder for Software-Developers
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This section is not intended for itemauthorswhowant touse theCBA ItemBuilder
to computerize assessment content but for software developers that were asked
to support a particular assessment project that considers using the CBA Item-
Builder.

The CBA ItemBuilder supports mainly two use cases that require software develop-
ers.

 

 

TheCBAItemBuilder isnot only freely available fornon-commercial use (see sec-
tion 1.2). It can also be integrated into existing contexts and allows the integra-
tion of existing HTML/JavaScript implementations of assessment content- In
this sense, the CBA ItemBuilder is an open tool for developing computer-based
assessments.

Embedded Content into CBA ItemBuilder Tasks: Content can be embedded into
CBA ItemBuilder items using iframes (used within CBA ItemBuilder designed Pages
with components called ExternalPageFrames, see section 3.14). A simple interface al-
lows the embeddedHTML5/JavaScript to interact with the CBA ItemBuilder task, to
store data, and to re-store its state on re-visit is available.

Software developers can find all required information in section 4.6.

 

 

HTML5/JavaScript programmers can add missing features to CBA ItemBuilder
items by implementing content that is embedded as iframes, and that can inter-
act with the content created by item authors using a simple API based on Post
Messages.

Open source repositories with content generated for ExternalPageFrames are wel-
come.12

EmbeddingCBAItemBuilderTasks intootherApplications: Items createdwith the
CBA ItemBuilder can also be embedded into other web-based delivery software. For
this use case the so-called TaskPlayer API is provided.

Software developers can find all required information in section 7.7.

 

 

Developers can integrate the content generatedwith theCBA ItemBuilder by in-
cluding the provided runtime (called TaskPlayer API) into web applications, that
allow loading and displaying of CBA ItemBuilder Tasks. No special server tech-
nology is required.

12See, for instance, msk-oc-externalpageframes.

https://github.com/DIPFtba/msk-oc-externalpageframes
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Open Source Contribution to the CBA ItemBuilder: Currently, open-source contri-
butions to the CBA ItemBuilder’s source code (i.e., the desktop application) and the
React runtime cannot be managed and considered for integration by DIPF/TBA.





2
Principles of Computer-Based Assessment

 

 

Computer-based assessment (CBA) is based on principles and ideas of psychometric
measurement anddiagnostics (e.g., Parshall, 2002, BartramandHambleton (2006),
Lane et al. (2015)), developed in various disciplines, such as psychology, social sci-
ences, and educational research, over many years. Since data collection was done
for a long time using paper-based tests and questionnaires, previous research still
influences how CBA is designed. However, from the beginning of CBA research, it
was anticipated that the change in the technology used for testing, although started
with the transfer of existing paper and pencil tests, would also impact the instru-
ment development and the theory of test responses (e.g., Dann et al., 1991).

Educational Large-Scale Assessments: Beyond the traditions developed for paper
and pencil instruments, in particular the implementation of current educational as-
sessments are also influenced by the testing industry (e.g., Bridgeman, 2009) and
international large-scale assessment (ILSA) programs such as PIAAC (Programme for
the International Assessment of Adult Competencies, e.g., Kirsch and Lennon, 2017), PISA
(Programme for International Student Assessment, e.g., Naumann and Sälzer, 2017),
TIMSS (Trends in International Mathematics and Science Study, e.g., Fishbein et al.,
2018), ICILS (International Computer and Information Literacy Study, e.g., Ihme et al.,
2017). These ILSA’s, as well as many national assessment programs such as, for in-
stance, NAEP (National Assessment of Educational Progress, e.g., Bennett et al., 2008)
in the U.S. and NEPS (National Educational Panel Study, e.g., Kroehne and Martens,
2011) in Germany, have changed from paper-based to computer-based assessment
in the past year(s).

Assessmentof and forLearning:CBAcanbeused for summativeand formativeassess-
ment (e.g., Tomasik et al., 2018) and,whencombinedwith feedback (see section2.9),
is also helpful for self-assessments. It thus goes beyond assessments of learning and
can also be used in assessments for learning (Wiliam, 2011).

33
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Testingonthe Internet:Computer-basedassessment, of course, doesnot only occur
within large-scale educational assessments. Instead, cognitive and non-cognitive
instruments in various disciplines of the social and behavioral sciences are admin-
istered computer-based, online via the internet, orwith thehelp ofmobile devices in
research and application.While from a technical perspective, different frameworks
for creating (native) user interfaces exist for the various platforms,HTML5/JavaScript
has emerged as a universally available concept. So, although there are also specific
requirements for each of the different delivery formats (see chapter 7) in the con-
text of assessments, a considerable overlap can be observed for the presentation of
assessment content inHTML5/JavaScript, in the tradition of what was called psycho-
logical testing and assessment on the Internet (e.g., Naglieri et al., 2004).

In the following, advantages of computer-based assessments in comparison to
paper-based testing (section 2.1) are described, followed by typical challenges, in
particular, with respect to the comparability of assessments using classical response
formats (section 2.2).Thiswill be followed by a section on innovative item types (sec-
tion 2.3), meaning item types there are only available for computer-based assess-
ments. Different forms of item presentation and navigation between items are pre-
sented in section 2.4).

 

 

How to do this with the CBA ItemBuilder? In this chapter, small sections under
the heading ‘How to do this with the CBA ItemBuilder?’ refer to other text parts in
the following chapters that help to relate the theoretical concepts to practical
applications.

2.1 Advantages&Benefits of CBA

 

 

Using CBA for the measurement of individual differences or group differences in
various personal characteristics such as skills, competencies, personality dimen-
sions, motivation, or attitudes is often motivated by potential benefits that will be
briefly mentioned in this section (see, for instance, Haigh, 2010).
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Standardization: Among the apparent advantages of CBA is that the comparabil-
ity of assessments can be increased through an increased degree of standardization
(e.g., Jurecka, 2008). In a computer-based assessment, the item authors can design
diagnostic situations, defining which information is visible and accessible at which
point (navigation restriction) and how test-takers can interact with the content to
answer questions or construct responses. Carefully designed items allow standard-
izing, for instance, in which sequences tasks can be answered or if questions linked
to an audio stimulus are accessible before the audio stimuluswas played (navigation
restriction). Item authors can also improve the common understanding of response
formats by providing animated and interactive tutorial tasks (instructions). Audio
and video components might also be used to reduce the reading load of items for all
test-takers or as test-accommodation provided for selected test-takers only. Even
simple answer formats can be designed in the computer-based assessment in such
a way that invalid responses are impossible and test-takers are informed about pos-
sible handling errors, e.g. the selection of several answers in a single-choice task.

 

 

How to do this with the CBA ItemBuilder? Details about the use of audio and
video elements canbe found in section 3.10.3.More about animated instructions
can be found in section 6.4.1 and an example illustrating the idea of navigation
restrictions can be found in section 6.4.6.

Scoring: Various additional advantages are achieved by the possibility of instant
scoring of closed response formats and selected text responses. (e.g., number in-
puts or text inputs that can be scored using simple rules like regular expressions and
open text responses that can be scored using advanced NLP techniques). Automat-
ically scored information derived from already administered items can be used for
various purposes, either during the assessment or to simplify the post-processing
of assessment data.

 

 

How to do this with the CBA ItemBuilder? Key for using the results of answered
items directly is the so-called scoring definition, that can be defined for CBA
ItemBuidler items within the tasks (see chapter 5).

Instant Feedback: During a computer-based assessment, instant feedback is pos-
sible on the results, processes and time (see section 2.9.1), the presentation of
prompts, and a combination of tasks as scaffolding can improve data quality or
implement formative assessment and assessment for learning (i.e., formative assess-
ment). Immediately following the completion of an assessment, result reports can
be generated and made available. Feedback can also refer to missing values in the
assessment, for instance to reduce accidental overlooking of individual subtasks.
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How to do this with the CBA ItemBuilder? Instant feedback and sequences of
questions within tasks can be implemented using the conditional link feature
(see section 4.3) or with the help of the so-called Finite-StateMachine (see section
4.4). Feedback across tasks can be provided as part of the deployment software
(see section 7.3.5 for an example).

Adaptivity & Measurement Efficiency: If scoring is already available for at least
some of the items or questions during the test administration, various forms of
adaptivity can be realized. The spectrum of possibilities ranges from hiding partic-
ular non-relevant items, simple skip rules, and filters to psychometric approaches
such asmulti-stage testing and one- ormultidimensional adaptive testing as strate-
gies of Automated Test Assembly that can result in an increasedMeasurement Efficiency
(see section 2.7).

 

 

How to do this with the CBA ItemBuilder? Adaptivity within instruments can be
implemented directly in the CBA ItemBuilder (see section 6.7 for an example),
strategies ofAutomatedTestAssembly requrire theuse of specificdeployment soft-
ware (see section 7.2.7).

Innovative Items / Technology-Enhanced Items (TEI): Computer-based assess-
ment promises to provide benefits for validity and construct representation of as-
sessments using innovative item formats (e.g., Sireci and Zenisky, 2015; Wools
et al., 2019) and technology-enhanced items (TEI, e.g, Bryant, 2017), using capa-
bilities provided by the digital environments used for assessment (e.g., Parshall,
2002). Item formats thatwere not possible in paper-based assessment include drag-
and-drop response formats, digital hypertext environments (Hahnel et al., 2022),
performance-based assessment in simulated environments and authentic assess-
ment (e.g., Frey et al., 2012) to game-based assessments and stealth assessment
(e.g., Shute et al., 2016).

 

 

Howtodo thiswith theCBA ItemBuilder? Starting fromfreely designable pages,
items can be contextualized in theCBA ItemBuilder and enhancedwith a variety
of interactive components, including hypertexts (see section 3.13.2) and drag-
and-drop (see section 4.2.6). A large number of innovative items can be imple-
mented directly with the components provided by the CBA ItemBuilder. In ad-
dition, the CBA ItemBuilder allows the integration of external content, e.g. to
enable interactive response formats that cannot yet be created with the compo-
nents in the CBA ItemBuilder (see section 3.14). Furthermore, items designed
with the CBA ItemBuilder can also be integrated into other web-based content
(see section 7.7).
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Log Data & Process Indicators: Computer-based assessment as a method also
provides insight into test processing through behavioral data (Goldhammer and
Zehner, 2017), i.e., log data (gathered in the form of events) from which process in-
dicators can be derived (Goldhammer et al., 2021). While log data can be collected
using technical tools even with paper-based assessments (see, e.g., Dirk et al., 2017;
Kroehne et al., 2019c), the availability and use of log-data from computer-based as-
sessment has developed into a unique area of research (e.g., Zumbo and Hubley,
2017).

 

 

How to do this with the CBA ItemBuilder? Items created with the CBA Item-
Builder by default collect log events (see section 1.6.2 for the live preview in
the Trace Debugger), and custom log events can be added if required. The CBA
ItemBuilder aims at replay-completeness (as defined in Kroehne and Goldham-
mer, 2018) and the analysis of log data gathered with the CBA ItemBuilder is
possible, for instance, with the LogFSM package (see section 2.8).

Response Times: A typical kind of information, which can also be understood as
a specific type of process indicator, is the Response Time. Suppose the task design
meets specific requirements (e.g., the one item one screen , OIOS, Reips, 2010), re-
sponse times can be easily identified and may already be part of the programming
of computer-based assessments. Response times can be used for various purposes,
including improving the precision of ability estimates (e.g., Time on Task as used
in Reis Costa et al., 2021). However, even when multiple tasks are administered
within a unit, time information is available. In that case, item-level response times
can either be derived usingmethods for analyzing log data (Kroehne and Goldham-
mer, 2018), or at least the total time for the entire unit or screen can be derived from
computer-based assessments. A specific process indicator that can be derived using
response times that allows the identification of disengaged test-taking and careless
insufficient responding is Rapid Guessing and Rapid Responding (see section 2.5.3), a
thread to validity, in particular, for low-stakes assessments. Response times allow
monitoring test-taking engagement and can be used to investigate differences in
test-taking motivation (e.g., Kroehne et al., 2019b).

 

 

How to do this with the CBA ItemBuilder? The CBA ItemBuilder runtime auto-
matically provides the total time for each task and user-defined time measures
can be computed during the assessment using an operator measuring the el-
lapsed time (see section 4.4) or extracted from the log data (see section 2.8).

Online &Mobile Deployment: The manifold possibilities of Internet-based assess-
ment were recognized early on (e.g., Buchanan, 2002; Bartram, 2005). Since the
early years, the possibilities to conduct online assessment under similar conditions
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have technically improved. For example, it is now possible to carry out assessments
in full-screenmode and to register and record exits or interruptions in the log data,
if not to prevent them. At the same time, however, the heterogeneity of Internet-
enabled devices, tablets, and especially mobile phones has increased. Reliable and
secure online and mobile assessments are therefore still a topic of current research
and (further) developments.

 

 

How to do this with the CBA ItemBuilder?The CBA ItemBuilder runtime can be
used to deliver tasks under a variety of online, mobile, and offline scenarios (see
chapter 7 for more details on test delivery options).

CBA also results in changed costs for the assessments since the effort to create and
test computer-based assessments can be higher (in particular for testing, see sec-
tion 8.4), but the costs for the distribution of the computer-based administered in-
struments and the scoring of closed response formats, in particular, can be lower.
However, most importantly content created for computer-based assessments can
be shared and duplicated without additional costs. While these options obviously
do not change the requirements for item protection and confidentiality (see section
2.10), especially concerning assessment content from large-scale assessments, they
change how developed assessment instruments from research projects can be dis-
tributed and applied in practice (see section 8.7.4). All the potential benefits of CBA
comewith, for instance, practical challenges (e.g,Mills, 2002; Parshall, 2002), some
of themwill be discussed in section 6.

2.2 Standardized Response Formats

 

 

The existing standard Question and Test Interoperability (QTI)1 defines simple items
with one point of interaction. These simple items can be understood as the stan-
dardized form of classical response formats (see Figure 2.1 for an illustration).

1Que (2022)
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FIGURE 2.1: Item illustratingQTI interactions for simple items (html|ib).

Choice Interaction:The QTI Choice Interaction presents a collection of choices to a
test-taker. The test-takers response is to select one or more of the choices, up to
a maximum of max-choices. The choice interaction is always initialized with no
choices selected.The behavior ofQTI Choice Interactions regarding the number of se-
lectable choices is described with the attributes max-choices and min-choices.

 

 

How to do this with the CBA ItemBuilder? Instead of max-choices and min-
choices theCBA ItemBuilder differentiates between RadioButtons (single-choice,
see section 3.9.2) and Checkboxes (multiple choice, see section 3.9.3), and the
more general concept of FrameSelectGroups (see section 3.5.1).

The QTI standard only differentiates between orientation with the possible values
horizontal and vertical, while the CBA ItemBuilder allows you to create any vi-
sual layout (including tables) with either RadioButtons and/or Checkboxes (see section

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QTIEquivalentSimpleInteractionsExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/QTIEquivalentSimpleInteractionsExamples.zip
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3.5.3).2 Moreover, QTI allows to define the option shuffle to randomize the order of
choices.3

(Extended) Text Entry Interaction: TheQTI Text Entry Interaction is defined as an in-
line interaction that obtains a simple piece of text from the test-taker. The delivery
engine (i.e., assessment platform) must allow the test-taker to review their choice
within the context of the surrounding text. An example illustrating an item from
Striewe and Kramer (2018) is shown in Figure 2.1. QTI uses specific so-called class
attributes to define the width of text entry component. QTI defines the Extended Text
Interaction for tasks where an extended amount of text needs to be entered as the
response.

 

 

How to do this with the CBA ItemBuilder? Text responses can be collected with
input fields (either single line ormultiple lines, see section 3.9.1)4, while size and
position can be defined visually in the Page Editor (see section 3.7). Regular ex-
pressions can be used to restrict possible characters (see section 6.1.3).

GapMatch Interaction /Associate Interaction /Order Interaction:QTI defines var-
ious interactions, that can be realized using drag and droop, such as GapMatch In-
teraction, Associate Interaction, and Order Interaction (see Figure 2.1). The interactions
are defined byQTI for text and graph, depending on the nature of the elements.

 

 

How to do this with the CBA ItemBuilder? A concept that allows drag and drop
of text, images and videos is implemented in the CBA ItemBuilder (see section
4.2.6). Using this approach, the interactions described by QTI can be imple-
mented by a) visually placing the source and target elements on a page and b)
configuring the drag and drop to either switch, copy or move values.

Match Interaction: Another interaction that not necessarily needs to be realized us-
ing drag and drop is theMatch Interaction, that can also be computerized using com-
ponents of type Checkbox as used for multiple choice responses formats (see Figure
2.1).

HotText / Inline Choice Interaction: For choice interactions embedded in context
(e.g. text, image, etc.), the QTI standard defines two different interactions. Two
possible implementations, with buttons and ComboBoxes, are shown in Figure 2.1.
However, the response formats can also be implemented with other components,

2Note that also other components can be used to implement choice interactions, see section 3.9.7 and
section 3.9.10 for examples.

3The shuffle-option is, if required, possible only with the help of dynamic components of the CBA
ItemBuilder, as described in chapter 4 (see section 6.4.10 for an example).
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for example, Checkboxes (multiple-choice) or RadioButtons (single-choice) for hot
text interactions.

Slider Interaction: Response formats in which the possible answers cannot leave a
predefined value range contribute to the standardization of assessments. QTI de-
fines such a response format as Slider Interaction (see Figure 2.1).

 

 

How to do this with the CBA ItemBuilder? The CBA ItemBuilder has specific
components that can be linked directly to variables (see section 4.2.2).

Additional InteractionsDefined byQTI:TheQTI standard defince additional inter-
actions not illustrated in Figure 2.1. TheMedia interaction allows to add audio and
video components to items, including a measurement how often the media object
was experienced.

 

 

How to do this with the CBA ItemBuilder?The use of components to play audio
and video files is described in section 3.10.3.

Hotspot interaction and Position Object interaction are graphical interactions that al-
low to select or positions parts of images, while the Drawing interactions describes
items in which test-taker can construct graphical responses.

 

 

How to do this with the CBA ItemBuilder? Simple graphical interactions can be
implemented using ImageMaps (see section 3.9.10). For more advanced graphical
response formats, the CBA ItemBuilder provides the concept of ExternalPage-
Frames, to embedd HTML5/JavaScript content (see section 3.14 and section 6.6
for examples).

QTI also defines the Upload interactions, that is more suited for learning environ-
ments and not necessarily for standardized computer-based assessment since up-
loading material from the computer might violate typical requirements regarding
test security (see section 2.10).

PCI Interaction: As shown in Figure 2.1, the CBA ItemBuilder can be used to create
items that correspond to the interactions defined by QTI. Figure 2.1 shows a single
CBA ItemBuilder task, illustrating two different ways of navigating between inter-
actions. The Innovative Item Types described in section 2.3 below show additional ex-
amples beyond the possibilities defined in the QTI standard. To use such innovative
items, e.g., tasks created with the CBA ItemBuilder, in QTI-based assessment plat-
forms, QTI describes the Portable Custom Interaction (PCI).
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How to do this with the CBA ItemBuilder? CBA ItemBuilder tasks can be pack-
aged in a way that allows using them in QTI-based assessment platforms, such
as TAO (see section 7.4).

Combination of Interactions: Not all of the interactions standardized by QTI were
available in paper-based assessments (PBA) mode. However, in particular, single-
and multiple-choice interactions (for closed question types) and text entry inter-
actions (for constructed written responses) were used extensively in PBA, meaning
printed and distributed across multiple pages.

 

 

Howtodo thiswith theCBA ItemBuilder?TheCBA ItemBuilder uses the concept
of pages on which components are placed to implement individual interactions
to structure assessments into items, tasks andunits (see section 3.4).Thismakes
it possible to implementChoice InteractionsandTextEntry Interactions, amongoth-
ers, in any order, without the QTI interactions themselves having to be provided
by the CBA ItemBuilder (see Figure 2.1).

Beyond simple items, Items in general are defined by QTI as a set of interactions:5

For the purposes of QTI, an item is a set of interactions (possibly
empty) collected together with any supporting material and an op-
tional set of rules for converting the candidate’s response(s) into as-
sessment outcomes.

Distribution of Items on Pages: The QTI standard also provides some guideline how
to split content with multiple interactions into items:6

To help determine whether or not a piece of assessment content that
comprises multiple interactions should be represented as a single
assessmentItem (known as a composite item in QTI) the strength
of the relationship between the interactions should be examined. If

5https://www.imsglobal.org/question/qtiv2p2/imsqti_v2p2_impl.html#h.lkeh7elhvt2n
6http://www.imsglobal.org/question/qtiv2p2/imsqti_v2p2_impl.html#3.1

https://www.taotesting.com/
https://www.imsglobal.org/question/qtiv2p2/imsqti_v2p2_impl.html#h.lkeh7elhvt2n
http://www.imsglobal.org/question/qtiv2p2/imsqti_v2p2_impl.html#3.1
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they can stand alone then they may best be implemented as sepa-
rate items, perhaps sharing a piece of stimulus material like a pic-
ture or a passage of text included as an object. If several interactions
are closely related then they may belong in a composite item, but al-
ways consider the question of how easy it is for the candidate to keep
track of the state of the item when it contains multiple related inter-
actions. If the question requires the user to scroll a window on their
computer screen just to see all the interactions then the itemmay be
better re-written as several smaller related items.

 

 

How to do this with the CBA ItemBuilder?The CBA ItemBuilder provides a high
degree of design freedom. Items do not have to be broken down into individual
interactions. Components to capture responses can be freely placed on pages,
and item authors can define how test-takers can switch between pages. How-
ever, the division of assessment content into individual components (referred
to as Tasks in the context of the CBA ItemBuilder) is still necessary (see in detail
in section 3.6).

Two key points for the computerization of assessments can be derived from the QTI
standard:

1) The QTI standard defines basic interaction types. However, the combi-
nation of multiple items requires either scrolling (if all items are comput-
erized using one page) or paging (i.e., additional interactive elements are
required to allow the navigation between items, see section 2.4).The but-
ton button View as single page with scrolling ... in Figure 2.1 illustrates
the two possibilities.

 

 

How to do this with the CBA ItemBuilder? As shown in Figure 2.1, the CBA Item-
Builder technically supports paging and scrolling. However, paging is preferred as
it allows item designs in which only one task is visible at a time. Moreover, the
structure created by item content, such as Units, is important to consider when
distributing items across pages and deciding on the required navigation.

2) The standardization of computerized items goes beyond the definition of
individual interactions. For instance, typical QTI items provide a submit
button at the end of the page that contains one or multiple interactions
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(and the submit button is essential to acknowledge, for instance, regard-
ing the precise definition of response times, see section 2.2.2).7

 

 

How to do this with the CBA ItemBuilder? Assessment components created with
the CBA ItemBuilder cannot be described with the QTI standard. However, the
project files can be shared and archived, either with the actual task content or only
as functional mockups with replaced content (referred to asMock Item).

2.2.1 Mode Effects and Test-Equivalence

Items designed for collecting diagnostic information were printed on paper, and
simple response formats such as choice interactions and text entry interactions
were used that capture the products of test-takers answering items in paper-based
assessments. As described in the 2.1 section, there are a number of advantages
of computer-based assessment that distinguish this form of measurement from
paper-based assessment. Until these advantages are exploited to a large extent and
to confirm that existing knowledge about constructs and items holds, research into
the comparability of paper- and computer-based assessment is essential (e.g., Bug-
bee, 1996; Clariana andWallace, 2002).

PropertiesofTestAdministration:AsdescribedbyKroehne andMartens (2011), dif-
ferent sourcesofpotentialmodeeffects canbedistinguished, andadetaileddescrip-
tion of properties of test administrations is required, since also different computeriza-
tion are not necessarily identical. Hence, instead of the comparison between new
(CBA) versus old (PBA), the investigation of different properties that are combined
in any concrete assessments is required, for instance, to achieve reproducibility.

Item Difficulty and Construct Equivalence: A typical finding for mode effects in
large-scale educational assessments is that items become more difficult when an-
swered on a computer (e.g., for PISA, Robitzsch et al., 2020). From a conceptual
point of view, a separation between the concept of mode effects andDifferential Item
Functioning (Feskens et al., 2019) might be possible, since properties of the test ad-
ministration can be created by researchers and conditions with different proper-
ties can be randomly assigned to test-takers. Consequently, mode effects can be
analyzed using random equivalent groups and assessments can be made compara-
ble, even if all items change with respect to their item parameter (Buerger et al.,
2019). When advantages available only in computer-based assessment are utilized,
the issue ofmode effects fades into the background in favor of the issue of construct
equivalence (e.g., Buerger et al., 2016; Kroehne et al., 2019a).

Mode effects might affect not only the response correctness, but also the speed

7See theQTI standard for the End Attempt interaction.
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in which test-taker read texts or, more generally, work in computer-based tests
(Kroehne et al., 2019c), and mode effects can also affect rapid guessing (e.g.,
Kroehne et al., 2020), and might occur more subtly, for instance, concerning short
text responses due to the difference in writing vs. typing (Zehner et al., 2018).

Further research and a systematic review regarding mode effects should cover typ-
ing vs. writing (for instance, with respect to capitalization, text production, etc.,
Jung et al., 2019), different text input methods such as hardware keyboard vs. touch
keyboard, different pointing devices such asmouse vs. touch, and scrolling vs. pag-
ing (e.g., Haverkamp et al., 2022).

2.2.2 Response Times and Time on Task

Various terms are used in the literature to describe how fast responses are provided
to questions, tasks, or items.Dating back toGalton and Spearman (see references in
Kyllonen and Zu, 2016). Reaction Timemeasures have a long research tradition in the
context of cognitive abilitymeasurement. Prior to the computer-basedassessments,
response times were either self-reported time measures or time measures taken by
proctors or test administrators (e.g., Ebel, 1953).

In recent years and in the context of computer-based assessment, Response Time is
used to refer to time measures that can be understood as the time difference be-
tween the answer selection or answer submission and the onset of the item presen-
tation (see Figure 2.2). However, a clear definition of how response times were op-
erationalized in the computer-based assessments is missing in many publications
(e.g., Schnipke and Scrams, 1997; Hornke, 2005). If log data are used tomeasure the
time, the term Time on Task is used (see, for instance, Goldhammer et al., 2014; Nau-
mann and Goldhammer, 2017; Reis Costa et al., 2021).

 

 

FIGURE 2.2: Example illustrating different operationalizations of Response Time
(html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ElapsedTimeOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ElapsedTimeOperatorExample.zip
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ExtremeResponseTimesandIdleTimes:Response timeshave anatural lower limit.
Short response times faster than expected for serious test-taking can be flagged us-
ing time thresholds if necessary (see section 2.5.3). Very long response times occur,
for instance, if the test-taking process is (temporarily) interrupted or if the test-
taking process takes place outside the assessment platform (in terms of thinking or
note-taking on scratch paper). In particular, for unsupervised online test delivery
(see section 7.2.1), long response times can also be caused by test-takers exiting the
browser window or parallel interactions outside the test system. In order to gather
information to allow informed trimming of long response times, it may be useful to
record all interactions of test-takers that imply activity (such as mousemovements,
keyboard strokes). Log events can then be used to detect idle times that occur when,
for whatever reason, the test-taking is interrupted (see section 2.8).

ResponseTimes inQuestionnaires: As described in Kroehne et al. (2019a) without a
precise definition, response times cannot be compared, and alternative operational-
izations, for instance, the time difference between subsequent answer changes are
possible. In survey research the term Response Latency is used (e.g., Mayerl, 2013),
both for timemeasures taking by interviewers or by the assessment software. How-
ever, as described by Reips (2010), the interpretation of time measures require to
know which task, question or item a test-taker or responded is working on, and
additional assumptions are required if test-taker can freely navigate between tasks
or see multiple questions per screen. With additional assumptions, item-level re-
sponse times can, however, be extracted from log data, as illustrated for the example
of item-batteries with multiple questions per screen in Figure 2.3.

 

 

FIGURE 2.3: Item illustrating Average Answering Time for item batteries (html|ib).

Time Components from Log Data: Since there are now countless different
computer-based tests, many software tools, and assessment implementations, the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/KroehneGoldhammer2018AATDemo/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/KroehneGoldhammer2018AATDemo.zip
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concept of response times requires a more precise operationalization. One possible
definition of time measures uses log events, as suggested as Time on Task. Various
response time measures can be extracted from log data using methods developed
for log file analyses (see section 2.8). Depending on the item design, all response
time measures may require assumptions for interpretation. For example, if items
can be visited multiple times, the times must be cumulated over visits. However,
this rests on the assumption that the test-taker thinks about answering the task
each time a task is visited. If multiple items are presented per screen and questions
can be answered in any sequence, an assumption is necessary that each time a
test-taker thinks about a question, this will be followed by an answer change.

2.2.3 Time Limits (RestrictMaximumTime)

Traditionally, in paper-based large scale assessments, time limits for tests or booklets
were mainly used. Restricting the time for a particular test or booklet has the prac-
tical advantage that this type of time limit can also be controlled and implemented
in group-based test administrations. A similar procedure can also be implemented
in computer-based assessment. A time limit is defined for the processing of several
items (e.g., for the complete test or a sub-test or section), and after the time limit
has expired, the tasks for a particular test part can no longer be answered.

In contrast, however, computer-based testing also allows the implementation of
time limits for individual tasks or small groups of items (e.g., units). The advan-
tage is obvious: While time limits at the test level or booklet level can result various
reasons to large inter-individual differences in the number of visited items (for in-
stance, due to individual test-taking strategies or individual items that a test per-
son is stuck on), time limits at item level can be implemented in such a way that all
persons can see each item for at least a certain amount of time. Computer-based
assessment allows to differentiate between time limits at the item level and time
limits at test level. In between, time limits for item bundles, e.g., units, can be cre-
ated. If the comparability of psychometric properties of an assessment to an earlier
paper-based form is not necessary of if this comparability can be established, for ex-
ample, on the basis of a linking study, then time limits can be used purposefully in
the computer-based assessment to design the data collection. For example, if a test
is administered in only one predetermined order (i.e, no booklet design), time limits
at the test level will result in not-reached items depending on the item position.

 

 

How to do this with the CBA ItemBuilder? Time limits for tasks (i.e., single items
or group of items) can be implementedwith theCBA ItemBuilder, for example (see
section 6.4.5). Time limits across multiple items can be defined at the level of the
test delivery (see section 7.2.8).

Time limits do not only restrict test-taking. Time limits also give the test-takers
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feedback on their individual chosen pace of working on the task (e.g., Goldhammer,
2015).Different possibilities to give feedbackduring the assessment are described in
section 2.9.1). The item design of Blocked Item Response (see section 2.4.1 can be used
to force a minimum time for individual items.

2.3 Innovative ItemTypes / Technology-Enhanced Items (TEI)

 

 

New item formats for computer-based assessment are called Innovative Item Formats
(e.g., Sireci and Zenisky, 2015; Wools et al., 2019) or Technology-Enhanced Items (TEI,
e.g, Bryant, 2017), and early attempts defined innovative item formats as items us-
ing capabilities not available in paper-based assessment (e.g., Parshall, 2002). Inno-
vations through computer-based assessment were also described along the dimen-
sions of Complexity (A=less complex to D=more complex) and Constraintness (1=fully
selected to 7=fully constructed) (see Figure 2.4 and Figure 1 in Scalise and Gifford,
2006).

Since the early attempts to define innovative item formats, research practice has
produced many forms of simulation-based, authentic, and interactive assessments
in recent years. Examples created with the CBA ItemBuilder include:

• Assessment of ICT literacy with simulations (see, for instance, Fig. 6.2 in Gold-
hammer and Kroehne, 2020)

• Evaluation of online information (see, for instance, Fig.1 inHahnel et al., 2020, see
also Hahnel et al. (2023))

• Complex problem solving (see, for instance, Fig 1 in Tóth et al., 2014)
• Technical problem solving (see, for instance, Fig 1 in Stemmann, 2016)
• Highlighting as response format (e.g., for PIAAC, Schnitzler et al., 2013; and for
the National Educational Panel Study, NEPS, Heyne et al., 2020)

• Multiple Document Literacy (e.g., Fig 1 in Hahnel et al., 2019)
• … (to be continued) …
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FIGURE 2.4: Item illustrating different item formats described in (Scalise and Gif-
ford, 2006, html|ib).

2.4 ItemPresentation andNavigation

 

 

The term Navigation (or interface navigation) within assessments refers to the pro-
vided possibilities for test-takers to switch back and forth between items. Software
tools and assessment platforms provide different interfaces for navigating between

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/Scalise2006aExampleItems/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/Scalise2006aExampleItems.zip
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Tasks, and as the ICT/ATP Guidelines for Technology-Based Assessment suggest,8 test-
takers should be informed about navigating between tasks and have opportunities
to practice navigation before the assessments.

Screen Layout: In order to be able to describe the options for navigation within as-
sessments, onemust first be aware of how the instructions and items in a computer-
based assessment are presented on screen. Either only one item is displayed in full
screen (Full Page Items, see section 2.4.1), or one or more additional visual compo-
nents, for instance, for navigation, progress display, etc., are presented together
with the item (Integrated Item Presentation, see section 2.4.6) on screen.

Combining multiple text entries, for instance, in C-tests (see section 2.4.3) or more
general as so-called Cloze tests or in an Embedded Answers response format results in
screen layout withmultiple interactions per page. Text entry response formats (and
other response formats as well) typically define one focused element, resulting in a
Within-Item Navigation. Combining multiple items, for example, items with a com-
mon stimulus can also result in dependencies between assessment items. For this
reason, it may be helpful to further distinguish between navigation within related
items (referred to as Units, seeWithin-Unit Navigation in section 2.4.4) and naviga-
tion between items (see Between-Unit / Test-Level Navigation in section 2.4.5). Finally,
for operational reasons, some assessment components have a unique role. Exam-
ples of this are so-called stop items, which are used in group tests to synchronize
test processing in terms of time (see section 2.4.2).

Presentation Size: The planned screen layout determines how much space the as-
sessment content can occupy (i.e., the required Size of items on screen). Screen size
is usually specified in pixels. In addition, theResolution (alsomeasured inPixels)must
be distinguished from the actual size of the display, which depends on the physical
size of the screens (usually specified in Inches of the diagonal). Finally, for the trans-
lation from Pixels (resolution) to Inches (display size), the pixel density as the amount
of pixels per inch (often specified as dpi, i.e., dots per inch) and potential zoom fac-
tors must be taken into account. Zoom factors can be device-specific (i.e., a mag-
nification implemented, for instance, by the operating system) or in browser-based
deliveries also implemented by the web browser.

 

 

How to do this with the CBA ItemBuilder? A property CBA Presentation Size is de-
fined for each assessment component created with the CBA ItemBuilder. As dis-
cussed in section 3.2.2, the CBA Presentation Size defines the aspect ratio of item
material as presented on screen, while the test deployment software (see chapter 7
can propritionally scale the content to fit on screen).

AspectRatio and ScreenOrientation:The ratio of thewidth to the height of a screen

8“Planning for TBAs should include the design of tutorials for navigation of test ele-
ments.”(International Test Commission and Association of Test Publishers, 2022)
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is called the aspect ratio, resulting in terms like 4:3 (e.g., screenswith a resolution of
1024x768pixels), 16:9 (e.g., screenswith a resolutionof 1920x1080pixels), etc.,which
are also used to characterize screens. Finally, the aspect ratio also determines the
orientation of screens. If thewidth is larger than the height, one speaks of Landscape
Format, if the height is larger than the width of PortraitMode.

Windows Size and Browser Size: For web-based delivered assessments or other
forms of delivery that are not standardized using a kiosk solution, the window size
or the size of the browser must also be considered. In the worst case, this can cause
the user to change the display size during test processing. On some operating sys-
tems, even for web-based deliveries, the browser full-screen mode can at least pre-
vent the window size from changing.

Proportional Scaling: When assessments are not run on uniform hardware, deter-
mining the exact Item Size is often tricky in practice. It is even often impossible, es-
pecially if the item contents are only displayed embedded (see section 2.4.6) or if the
available display area may even change due to the window size.This is countered by
the demand to design as precisely as possible what the test-takers see in the context
of a standardized assessment at a given timeandhow they can interactwith the item
material. One possible solution to this challenge is to implement Proportional Scaling
of item content. This uses the available space on the screen while maintaining the
aspect ratio until either height or width is exhausted.

Scrolling: An obvious way to display more content on a screen than the screen size
allows is to use scrollbars. In fact, in HTML-based implementations of computer-
based assessments, these often appear automatically. Vertical scrolling, in partic-
ular, should be used with caution for diagnostic reasons (see section 2.2.1). For de-
tailed analyses, itmay also be necessary to infer later from the datawhat a test-taker
saw at a point in time (see section 2.8). Finally, it must be considered whether the
entire screen or only parts of the display should scroll, for example, if a navigation
area is to be permanently displayed on the screen.

Responsive Design: A more typical way for websites to deal with different resolu-
tions and screen sizes is the use of so-called ResponsiveDesigns. In ResponsiveDesigns,
the arrangement and display of the content are adapted to the actual available area
(View Port). In the context of computer-based assessments, the use of responsive de-
signsmust be weighed up against the extent to which this can be reconciled with the
goal of standardizing assessments.

2.4.1 Full Page Items

Full Page Items represent an itemdesign inwhichminimal non-solution interactions
with the assessment platformare required. Full Page Items canbe implementedwith-
out scrolling and with scrolling, as shown in Figure 2.5. The central feature of Full
Page Items is that they are presented exclusively on the screen, without being sur-
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rounded by a navigation area. Necessary navigation elements are displayed within
the itemwhen they should be available.

 

 

FIGURE 2.5:Example for full page navigation. (html|ib).

Thedesign and presentation of items should always clarifywhether they are instruc-
tional text or a question. In addition, it should be explained (either in the instruction
at thebeginningof theassessmentor throughshort instructional texts) howthe item
can be processed and answered. If multiple pages are used, the navigation buttons
must be repeated on each page.

 

 

Howtodo thiswith theCBA ItemBuilder?Thecreationof Full Page Items is the stan-
dard procedure for the CBA ItemBuilder when only the necessary navigation ele-
ments for switching between pages and finishing the task (seeNext-Taskcommand
in section 3.12.1) are placed on each page.

Forced Choice: A unique response format in which items are typically displayed
without navigation is Forced Choice. In this format, which is also used for question-
naires, the test takers are not offered the option of not answering. As shown in the
examples in Figure 2.6, the system automatically navigates to the next question as
soon as an answer is given.

Multiple forced choice questions can also be presented on one page and still be ad-
ministered in a fixed order, as the example in Figure 2.6 shows.

BlockedItemResponse In cognitive andnon-cognitive assessments, rapid respond-
ing (seeRapidGuessing andRapidResponding in section 2.5.3) is phenomena that com-
promise the validity of responses. A naive way to limit response elicitation is to dis-
able the buttons for a limited time. Example 3 in Figure 2.6 shows this concept in
combination with the forced-choice response format, Figure 2.8 shows this concept
with other response formats (see also Persic-Beck et al., 2022).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FullPageNavigationExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FullPageNavigationExample.zip
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FIGURE 2.6:Example for forced choice navigation. (html|ib).

 

 

FIGURE 2.7:Example for multiple forced choice questions per page. (html|ib).

2.4.2 Breaks / Stopp Items

Fordifferentoperational reasons, itmaybenecessary to interrupt andpause the flow
of computerized instruments or to insert positions where test-takers should take a
break. According to the logic described in this section, these pause pages are Full
Page Items, since no further navigation should be possible.

Magic Word: In school assessments, test administration is often organized as on-
site group tests with a test administrator present in the room. If the assessment is
administrated using secure offline environments (e.g. in a kiosk mode, see 7.2.3),
breaks for the group can be easily implemented with a Magic Word (i.e., a piece of
information that functions as a password), which is only announced by the test ad-
ministrator at the timewhen every test-takers should start with a following section.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleForcedChoice/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleForcedChoice.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleMultipleForcedChoices/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleMultipleForcedChoices.zip
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FIGURE 2.8: Examples for Blocked Item Response with different response formats
(html|ib).

Dashboards: Computer-based assessments are also often administered in network
environments (e.g., web-based), enabling centralized control across test-takers. So-
called Dashboards for test management can show, for example, which task a test-
taker is currentlyworking on orwhether a test taker needs support. Dashboards can
also be used for the control of group testing or for monitoring online test adminis-
trations, for instance, by remote interviewers.

2.4.3 Within-ItemNavigation

As soon as several input fields or components with an input focus are placed on a
page, the possibility or the necessity for a Within-Item Navigation arises. Only par-
ticular response formats, such as Point and Click response formats (see, for instance,
section 3.9.10 for so-called ImageMaps) andDrag andDrop response formats (see sec-
tion 4.2.6) do not work with input focus.

C-Test (Text Completion Test): In the C-Test (Text Completion Test) in Figure 2.9,9,
the text entries can be made in any order. Nevertheless, switching from one gap to
the next with the tab key is also possible to allow fast editing.

 

 

How to do this with the CBA ItemBuilder? If many input fields are combined on
one page, as shown in the example in Figure 2.9, then controlling the tab order
and setting your input focus to the first text field is recommended. Item authors
can define the tab order (see section 3.7.7), and input focus can also be set with a
particular operator (see section 4.4.6).

9The content for this example is taken from Baghaei and Tabatabaee (2015)

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/BlockedItemResponseExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/BlockedItemResponseExample.zip
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FIGURE 2.9:Example for a C-Test / Text Completion Test (html|ib).

If more than one answer can be given on a page, it may also make sense not to re-
strict the processing order due to construct-related considerations. An example of
a test originally developed for paper-based assessment is shown in Figure 2.10. In
this so-called Digit Symbol Substitution Test (representation based on Jaeger, 2018), it
is implicitly assumed that the test is processed in sequential order.

 

 

FIGURE 2.10:Example for aDigits Symbol Substitution Test (html|ib).

In the computerizationwith theCBA ItemBuilder shown in Figure 2.10, the process-
ing can happen in any order and it must be additionally explained in the instruction
whether only the consecutive items should be evaluated.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleCTestExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleCTestExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DigitsSymbolSubstitutionTestExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DigitsSymbolSubstitutionTestExample.zip
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2.4.4 Within-Unit Navigation

Whenmultiple tasks share a common stimulus, the tasks and the stimulusmaterial
are often referred to as aUnit. WithinUnits, dependencies can arise, i.e., answering
individual subtasks is influenced by preceding or subsequent subtasks. Accordingly,
computerizationoftenallows subtasks tobeansweredandre-answered inanyorder,
which leads to so-calledWithin-Unit-navigation. Figure 2.11 illustrates an example
forwithin-unit navigation based on the separation betweenQuestionandStimulus, as
used, for instance, in the Programme for International Assessment of Adult Competencies
(PIAAC, see Figure 2.2. in OECD, 2019, that shows the PIAAC user interface). 10

 

 

FIGURE 2.11:Example for question and stimulus navigation (html|ib).

The left side in Figure 2.11 shows the individual questions, which can be navigated
between using the > and < buttons. The split stimulus can be seen permanently on
the right side in Figure 2.11. The stimulus itself can provide further opportunities
for interaction for complex interactive items.The ? button indicates how additional
editing help can be integrated into the unit.

 

 

How to do this with the CBA ItemBuilder? The separation of items into different
areas, e.g., a stimulus area and individual task-pages as shown in Figure 2.11, is
possible in the CBA ItemBuilder by using either special page types (e.g., X-Pages,
see section 3.4.2) or by using partial pages (e.g., PageAreas, see section 3.5.4).

10The example item NavigationExampleStimulusQuestion.zip is created using simple pages (see sec-
tion 3.4.1), components of type PageArea (see section 3.5.4) and a navigation implemented completely in
the finite-state machine (see section 4.4).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleStimulusQuestion/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleStimulusQuestion.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationExampleStimulusQuestion.zip
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2.4.5 Between-Unit / Test-Level Navigation

For technical reasons, there is no need to restrict navigation within computerized
tests. Just as test-takers could flip back and forth in paper-based test booklets, they
could do the same in computer-based assessments.

Figure 2.12 shows schematically how free navigation could look, illustrated for a unit
with only one task, a unit with multiple tasks and scrolling, and a unit with a text
stimulus andmultiple tasks.

 

 

FIGURE 2.12:Examples for free Between-Unit navigation (html|ib).

 

 

How to do this with the CBA ItemBuilder? For implementing assessments with
the CBA ItemBuilder, it must be acknowledged that completely free navigation
with the means of the CBA ItemBuilder is only possible within Tasks. Each CBA
ItemBuilder Task can request navigation to a next and a previous Task (see Runtime
Commands in section 3.12), but the delivery software is responsible for responding
to these requests. However, delivery software can also provide an additional user
interface that can be used to drive any CBA ItemBuilder Tasks (see Integrated Item
Presentation in the next section).

From a psychometric/diagnostic perspective, it should be considered what reason
free navigation is necessary and whether the advantages of this item presentation
outweigh the disadvantages already presentwith paper-based assessment. Suppose
test-takers can freely navigate between a more significant number of items. In that
case, it can be assumed that the influence of test-taking strategies such as skipping
items when needed and returning later, is increased.

In practice, the options for navigation are often restricted, either due to psychome-
tric considerations (for instance, to support adaptive testing), or because of opera-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeNavigationExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeNavigationExample.zip
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tional considerations (for instance, to simplify the implementation of time restric-
tion). For instance, backward navigation across Units (i.e., the possibility to go back
to a previous unit) can be disabled in CBA (see, for instance, Cochran et al., 2020).
As shown in Figure 2.13, test-takers can move freely only within a unit. When test-
taking requests to navigate forward from the last task or page of a unit, a pop-up
message is displayed informing the test-taker that it will be impossible to return to
the previous tasks.

 

 

FIGURE 2.13:Examples for restricted Between-Unit navigation (html|ib).

 

 

How to do this with the CBA ItemBuilder? Feedback to test-takers about potential
navigation restrictions is just one of the many options for providing targeted
information during test-taking (see 2.9.1). They can be realized with the CBA
ItemBuilder, for instance, using dialog pages (see section 3.15), so-called Page
Areas (see section 3.5.4), or by so-called Conditional Links (see section 4.3).

2.4.6 Integrated ItemPresentation

In various contexts, items are displayed and integratedwithin otherweb application
or web-based deliveries. This includes, for instance, the integration of CBA Item-
Builder items within QTI-based deployment software (such as TAO) as Portable Cus-
tom Interaction (PCI) (see section 7.4), or more general embedding CBA ItemBuilder
items using the so-called TaskPlayer-API (see section 7.7). Another possible scenario
is the integration of assessments within learning management systems (e.g. Moo-
dle) based on the LTI interface (see section 7.5.8).

In scenarios where assessment components are integrated into other deliveries, the
following points need special consideration:

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WithinUnitNavigationExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WithinUnitNavigationExample.zip
https://www.taotesting.com/
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• Presentation Size: The size of the item displayed within other software environ-
ments is often smaller than the available space on the screen.Therefore, the items
may need to be made smaller so that they can be answered reasonably in the em-
bedded presentation. This can also result in the display of scroll bars on different
screen sizes if theweb application adjusts the size of the integrated items (respon-
sive design).

• Re-Visits / Restore: The integration of items within external applications may re-
sult in items being terminated and re-entered by external navigation. To ensure
a coherent picture for the test-takers and that the content shows the last working
state on each new visit, the itemsmust save their state before exiting.

• Full Screen: Full-screen presentation control must take into account when items
are integrated into other web applications.

 

 

Howtodo thiswith theCBAItemBuilder?TheCBAPresentationSizemustbedefined
for each CBA ItemBuilder project (see section 3.2.2). The TaskPlayer-API allows to
store the item state at each point in time (see section 7.7). Commands to controll
full screen presentation (see section 3.12.3) might not work in Integrated Item Pre-
sentation.

Suppose assessment components, which themselves allow inner navigation or
should not be terminated at any time, are integrated into other environments (e.g.,
via PCI in TAO, see section 7.4). In that case, the navigation in the external applica-
tion must be blocked.

2.5 Scoring and Calibration

 

 

ManypsychometricCBAapplications rests onprinciples ofpsychological andeduca-
tionalmeasurement (see, e.g., Veldkamp and Sluijter, 2019) and typical design prin-
ciples for tasks/itemsand tests that also apply tonon-technology-basedassessments

https://www.taotesting.com/
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are still valid (see, e.g., Downing and Haladyna, 2006). For instance, approaches
to increase the measurement efficiency use a particular item response theory (IRT)
model and (pre-)calibrated item parameters (see also section 2.7):

• Difficulty Parameter orThreshold Parameters,
• Discrimination Parameter (Loading) and
• (Pseudo)Guessing Parameter.

Which item parameters are used tomodel the probability of a correct response (or a
response in a particular category) as a function of a one- ormultidimensional latent
ability depends on the choice of a concrete IRTmodel (see, for instance, Embretson
andReise, 2013, for a general introduction). Bolt (2016) list the following IRTmodels
for CBA:

• Models for innovative item types (polytomous IRT models and multidimensional
IRTmodels) andmodels related to testlet-based administration (see section 2.5.1)

• Models that attend to response times (see section 2.5.6)
• Models related to item and test security (see section 2.10.1)

Further areas of application for (IRT) models in the context of CBA include:

• Models to deal with missing values (see section 2.5.2)
• Models to deal with rapid guessing (see section 2.5.3)
• Models for automated item generation (see section 2.6)

Another class of IRTmodels that is often usedwith CBA data areCognitiveDiagnostic
Models (CDM, see, e.g., George and Robitzsch, 2015, for a tutorial)). Additional in-
formation, available when data are collected with CBA, such as response times and
more general process data (see section 2.8) can be used in cognitive diagnostic mod-
eling (e.g., Jiao et al., 2019).

2.5.1 Scoring of Items

Computer-based assessment consists of a sequence of assessment components, i.e.,
instructions and between-screen prompts, and purposefully designed (digital) envi-
ronments inwhichdiagnostic evidence canbe collected.Theatomicparts for gather-
ing diagnostic evidence are called items, typically consisting of a prompt (or a ques-
tion) and the opportunity to provide a response. Items can include introductory text,
graphics, tables, or other information required to respond to the prompt, or ques-
tions can refer to a shared stimulus (creating a hierarchical structure called units).
The rawresponseprovided to items is typically translated into anumerical value called
Score.
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Dichotomous vs. Polytomous Scoring: For the use of responses to determine a
person’s score, a distinction is commonly made between dichotomous (incorrect
vs. correct) and polytomous (e.g., no credit, partial credit, full credit). While this
distinction is essential, for example, for IRT models, these two kinds are not mu-
tually exclusive concerning the use of information collected in computer-based as-
sessment. Identical responses can be scored differently depending on the intended
use. For instance, a polytomous score can be used for ability estimation, while mul-
tiple dichotomous indicators for specific potential responses can provide additional
insight in formative assessment scenarios.

 

 

How to do this with the CBA ItemBuilder? The concept implemented to score re-
sponses provided in CBA ItemBuilder tasks (see chapter 5) allows to define so-
called Scoring Conditions (see section 5.3.2). These conditions provide the basic ev-
idence, that can be used to create either dichotomous (only one out of two possi-
ble conditions) or poloytomous (one out of multiple possible conditions) variables
(called Classes in the CBA ItemBuilder terminology, see also section 1.5).

Multiple Attempts & Answer-Until-Correct: In computer-based assessments, the
process of the test-taking and responding can also be included in the scoring. This
allows scenarios inwhich test-takers can answer an itemmultiple times (e.g., Attali,
2011) or until correct (e.g., DiBattista, 2013; Slepkov and Godfrey, 2019). While this
goes beyond the simple IRT models, it can be included in addition to a traditional
scoring of the (first) attempt or the final response prior to a provided feedback (see
section 2.9).

 

 

Howtodo thiswith theCBA ItemBuilder?The scoring options providedby theCBA
ItemBuilder are rich and might look complex or confusing at first sight. The per-
ceived complexity is because the CBA ItemBuilder disentangles the components
used to create the interactive environments (required for test-takers to respond,
see chapters 3 and 4) from the formulationof scoring conditions (required to trans-
late the provided responses into scores, see chapter 5).

ConstructedResponseScoring:Scores canbe calculated automatically for closed re-
sponse formats (i.e., items that require selecting one ormultiple presented response
options). For response formats beyond that, scoring can require human raters, pat-
tern recognition (e.g., using Regular Expressions, see section 6.1), orNatural Language
Processing (NLP) techniques and machine learning (typically using some human-
scored training data, see, for instance, Yan et al., 2020).
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How to do this with the CBA ItemBuilder? The CBA ItemBuilder can use Regular
Expressions for scoring text entry (see section 5.3.4) and allows to convert text en-
try into result variables (see section 5.3.10) that can be used (outside) of the CBA
ItemBuilder Runtime to score constructed response items.

Scoring of Complex Tasks: Special scoring requirements may arise for complex
tasks that consist of multiple subtasks or where multiple behavior-based indicators
are derived. Possible approaches for scoringmultiple responses include aggregating
the total number of correct responses, used, for instance, to score C-tests as shown
in Figure 2.9 (see, for instance, Harsch and Hartig, 2016, for an example). If (com-
plex) items share a common stimulus or if for any other reason responses to individ-
ual items influence each other, dependencies may occur that require psychometric
treatment (see, for instance, the Testlet ResponseTheory inWilliamson et al., 2006).

 

 

How to do this with the CBA ItemBuilder? For scoring complex items, the CBA
ItemBuilder allows the define pieces of evidence in terms of (many different) prop-
erties of the test-taking process and responses to the different interactive ele-
ments. Multiple individual Scoring Conditions can be combined using logical oper-
ators to formulate (intermediate) scoring variables.

The scoring of answers is, among other things, the basis for automatic procedures
of (adaptive) test assembly (see section 2.7) and for various forms of feedback (see
section 2.9), among others regarding the completeness of test processing. For this
purpose, a differentiated consideration of missing responses is also necessary, as
described in the following sub-section.

2.5.2 Missing Values

Scoring can also take the position of items within assessments into account. This is
typically donewhen differentiating betweenNotReached items (i.e., responsesmiss-
ing at the end of a typically time-restricted section) versus Omitted responses (i.e.,
itemswithout response followed by itemswith responses). Computer-based assess-
ment can be used to further differentiate the Types of Missing Responses, resulting in
the following list:

• Omittedresponses:Questions skippedduring theprocessingof a test lead tomiss-
ing values typically described asOmitted Responses. How committed responses should
be taken into account when estimating item parameters (see section 2.5.4) and es-
timating person parameters (see section 2.5.5) depends on the so-called missing-
datamechanisms (see, for instance, Rose et al., 2017).
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• Notreached items: If there is only a limited amount of timeprovided to test-takers
to complete items in a particular test section, answersmay bemissing because the
time limit has been reached. These missing responses are called not reached items.
The arrangement of the items and the possibilities of navigation within the test
sectionmust be considered for the interpretation ofmissing values asNotReached.

• Quitting: An example that tasks can be incorrectly classified as Not Reached is de-
scribed in Ulitzsch et al. (2020). Missing values at the end of a test section can also
indicate that the test was terminated if testing time was still available.

• Not administered: Missing responses to items that were not intended for individ-
ual test-takers, for instance, based on a booklet design (see section 2.7.2). Since
these missing values depend on the test design (see section 2.7.2), they are often
referred to asMissing by Design.

• Filtered: Itemsmay also bemissing because previous responses resulted in the ex-
clusion of a question.

Missing Value Coding: In computerized assessment, there is no reason to wait un-
til after data collection to classify missing responses. Features of interactive test-
taking can be considered during testing to distinguish missing responses using the
described categories as part of scoring (see chapter 5).

 

 

How to do this with the CBA ItemBuilder? The classification of missing values
for assessments implemented with the CBA ItemBuilder requires differentiating
two levels: Within individual assessment components, the scoring must be im-
plemented in a way allowing to differentiate between Not Reached vs. Omitted re-
sponses. If applicable, missing responses due to filtered questions must also be
coded accordingly. In addition, the software used to deliver the assessment com-
ponents is expected to classifymissing responses asmissing by design (or not admin-
istered) if items in selected assessment components were not intended for individ-
ual test-takers. Finally, the delivery software must also classify missing responses
as not reached due to a time limit, using the information about the test design and
the scheduled item sequence.

Use of Log-Data forMissing Value Coding: An even more differentiated analysis of
missing responses is possible by taking log data into account. The incorporation of
response times for the coding of omitted responses (e.g., Frey et al., 2018) is one ex-
ample for the use of information extracted form log data (see section 2.8). Response
elements that have a default value require special attention. For instance, checkboxes
(see section 3.9.3) used formultiple-choice questions have an interpretation regard-
ing the selectionwithout any interaction (typically de-selected). Logdata canbeused
to differentiate whether an item with multiple (un-selected) checkboxes has been
solved or the item should be coded as a missing response.
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How to do this with the CBA ItemBuilder? Information from individual events
during the test-taking process can be included using so-called scoring operators,
which can also account for variables (see section 4.2) and internal states of the item
(see Finite-StateMachine in section 4.4). Since these events are also captured in CBA
ItemBuilder log events (see section 2.8), a fine-grained differentiation of missing
values is also possible as part of a log data analysis.

Missing responses can provide additional information regarding themeasured con-
struct, and their occurrencemay be related to test-taking strategies. As described in
thenext section, rapidmissing responsesmayalsobepart of amoregeneral response
process that is informative about test-taking engagement.

2.5.3 Rapid Guessing

Computer-based assessment can make different types of test-taking behaviors vis-
ible. A simple differentiation into solution behavior and rapid guessing was found to
be beneficial (Schnipke and Scrams, 1997), that can be applied, when response times
(as discussed in the previous section 2.2.2) are available for each item or when an
itemdesign is used that allows interpreting individual time components (see section
2.8.2). Rapid guessing is particularly important for low-stakes assessments (such as
PISA, Rios and Soland, 2022, and PIAAC, Goldhammer et al. (2017)).

While solution behavior describes the (intentional) process of deliberate respond-
ing, a second process of very fast responding can be observed in many data sets.
Since both processes can often be clearly separated when inspecting the response
time distribution, a Bimodal has become a central validity argument (see, for in-
stance, Wise, 2017) for focusing on Rapid Guessing as a distinguished response pro-
cess.Using the bimodal response timedistribution, a time threshold can be derived,
and variousmethods exist for threshold identification (e.g., Soland et al., 2021), us-
ing either response time and or (in addition to) other information-based criteria
(e.g., Wise, 2019).

 

 

How to do this with the CBA ItemBuilder? The interpretation of time measures
requires an appropriate item design (see section 2.8.2). If time components can
be identified as response time, time thresholds can be used to classify responses as
RapidGuessing, either during the assessment or as part of the data post-processing
(see section 8.6). If the implemented between-item navigation (see section 2.4) al-
lows to measure time for item omission, Rapid Omission can also be classified as
additional indicator for low test-taking engagement.

Alternatively to simple time thresholds, mixture modeling (e.g., Schnipke and
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Scrams, 1997; Lu et al., 2019) can be used to differentiate between solution behavior
and rapid guessing when post-processing the data. Treatments of rapid responses
include response-level or test-taker-level filtering (see Rios et al., 2017, for a com-
parison). However, similar to missing values (see above), a treatment of responses
identified as rapid guessing might require to take the missing mechanism into ac-
count (e.g., Deribo et al., 2021). Further research is required regarding the opera-
tionalization of rapid guessing for complex items (see, e.g., Sahin and Colvin, 2020,
for a first step in that direction) and validating responses identified as Rapid Guess-
ing (e.g., Ulitzsch et al., 2021a). Another area of current research is the transfer of
response-time-based methods to identify Rapid Guessing to non-cognitive instru-
ments and the exploration of Rapid Responding as part of Careless Insufficient Effort Re-
sponding (CIER), either using time thresholds or based on mixture modeling (e.g.,
Ulitzsch et al., 2021b).

2.5.4 Calibration of Items

After constructing a set of new assessment tasks (i.e., single items or units), the
items are often administered in a pilot study (often called calibration study). Subse-
quently, a sub-set of items is selected that measures a (latent) construct of interest
in a comparable way, where the selection of items is typically guided in the context
of the ItemResponseTheory (see, e.g., Partchev, 2004) regarding ItemFit, and so-called
Item Parameters are estimated. Different tools and, for instance, R packages such as
TAM (Robitzschet al., 2022) canbeused to estimate itemparameters and to compute
(item) fit indices.

 

 

How to do this with the CBA ItemBuilder? Item parameters are not stored within
the CBA ItemBuidler project files because identical items might be used with
different parameters, for instance, to compensate for Differential Item Functioning
(DIF) or to aknowledge Parameter Drift (PD).

Missing values can be scored in different ways for item calibration and ability esti-
mation (see Robitzsch and Lüdtke, 2022, for a discussion), depending, for instance,
on assumptions regarding the latent missing propensity (see, for instance, Koehler
et al., 2014).The treatment of rapid guessing can improve item parameter estimation
(e.g., Rios and Soland, 2021; Rios, 2022).

IRT models exist for dichotomous and polytomous items (see section 2.5.1). When
multiple constructs are collected together, multidimensional IRT models can in-
crease measurement efficiency (see, e.g., Kroehne et al., 2014).

Known item parameters are a prerequisite for increasing measurement efficiency
through automatic test assembly and adaptive testing procedures (see section 2.7),
and techniques such as the Continuous Calibration Strategy (Fink et al., 2018) can help
to create new Item Pools.
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How to do this with the CBA ItemBuilder? The accuracy of item parameters can
be relevant, for instance, if adaptive testing is used that assumes known (and
fixed) itemparameters. For these applications, the calibration study should be per-
formed with similar tools as the primary assessment to avoid mode effects due to
different administrationmodes (i.e., paper vs. computer) or due to different com-
puterization (see section 2.2.1).

Item parameters are only valid as long as the item remains unchanged. This limits
the possibilities for customizing items, even if they are shared as Open Educational
Resources (OER, see section 8.7.4).

2.5.5 Ability Estimation

While the estimation of item parameters is typically done outside the assessment
software as part of test construction, the computation of a raw score (e.g., the num-
ber of items solved) or the estimation of a (preliminary) person-ability (using IRT
and based on known item parameters) is a prerequisite for the implementation of
methods to increase measurement efficiency (multi-stage testing or adaptive test-
ing, see section 2.7). Rapid guessing (see section 2.5.3, e.g.,Wise andDeMars, 2006)
as well as informed guessing can be acknowledged when estimating person param-
eters (e.g., Sideridis and Alahmadi, 2022).

 

 

How to do this with the CBA ItemBuilder? Classes with assigned scoring condi-
tions are defined in the CBA ItemBuilder without specifying how the resulting
variables will be used to score the test-taker’s ability. For this purpose, an addi-
tional codebook should be part of the test delivery software, which assigns numer-
ical values to the (nominal) scoring conditions. By separating the (nominal scaled)
scoring conditions defined within CBA ItemBuilder tasks and the nominal or or-
dinal scaled weights, CBA ItemBuilder projects can remain unchanged even when
switching between different ways of using item scores based on empirical results
(e.g., model comparison).

2.5.6 Incorporation of Response Times

A long research tradition deals with the incorporation of response times in psycho-
metric models. Based on the hierarchical modeling of responses and response times (van
der Linden, 2007) response times can be used, for instance, as collateral information
for the estimation of item- and person-parameters (van der Linden et al., 2010). Re-
sponse times (andmore generally, Process Indicators, see section 2.8) used to improve
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item response theory latent regression models (Reis Costa et al., 2021; Shin et al.,
2022). In combination with missing responses response-time related information (in
terms of not reached items) can also be included in the ability estimation using poly-
tomous scoring (Gorgun and Bulut, 2021).

2.6 Automated ItemGeneration

 

 

Automatic itemgeneration (AIG) is used to describe the process of generating items us-
ing computer technology, typically using some kind of models (e.g., cognitive mod-
els, Gierl et al., 2012). A template-based approach (Gierl and Lai, 2013) formulates an
item model (also called, for instance, schema or blueprint) containing the compo-
nents of a task that can be varied to generate items. Item models can be described
regarding the number of layers in which item clones (i.e., generated items) differ
from a source. While AIG from an IRT perspective, for instance, generating items
on the fly was suggested more than ten years ago (e.g., Embretson and Yang, 2006),
current research incorporating machine learning techniques such as deep learning
(e.g., von Davier, 2018) and models developed for natural language processing can
be expected to provide promising new methods and applications (see for a review,
e.g., Das et al., 2021; and for an example Attali et al., 2022).
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2.7 (Automated) Test Assembly

 

 

Whenmore items are available than can or should be completed by a test-taker, the
term Test Assembly is used to describe the psychometric process of combining items
to test Booklets or Rotations. The test assembly process usually requires items with
known item parameters (see section 2.5.4) and can be performedmanually or auto-
matically (van der Linen, 2006).

The research literature on automated test composition provides insight into criteria
that are considered when assembling tests. The primary criterion is typically pro-
vided by item response theory, i.e., the selection of items to optimize the measure-
ment by taking already available information about the anticipated test-takers (for
instance, the expected ability distribution) into account.

Constraints: Approaches that formalize the test assembly (e.g., Diao and van der
Linden, 2011) can also incorporate additional criteria (i.e., constraints for the test
assembly when conduced, for instance, in R, see Becker et al., 2021), such as:

• Content: Content areas or domains of requirements, defined as test specification
in relation to an underlying assessment framework (i.e., the test blueprint)

• Response Format: Response format or number of response alternatives, or the po-
sition of the correct responses

• Item Position: Balancing the position of items or keeping the position of certain
items constant (e.g. link items)

• Response Time: Expected time to solve the item (can be used to assemble tests that
with comparable time limits)

Constraints can be considered in test composition tomake different individual tests
comparable or to balance and account for item properties at a sample or population
level. Moreover, constraintsmight also be used to achieve further operational goals,
such as the interpretability of adaptive tests at the group level for formative assess-
ment purposes (e.g., Bengs et al., 2021).
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2.7.1 Fixed FormTesting

Assessments with a fixed set of items can be seen as the typical use case for test de-
ployments, either in the preparation of IRT-based applications of tailored testing
(i.e., to collect data for item calibrations) or as the final output of test development.
As shown in Panel A of Figure 2.14, a fixed form testing requires the administration of
assessment components as linear sequence.

 

 

FIGURE 2.14: Fixed Form Testingwith linear sequence of Tasks

 

 

How to do this with the CBA ItemBuilder? Simple uses of the TaskPlayer API (see
section 7.7) or the integration of CBA ItemBuilder items to Portable Custom Inter-
actions (PCI, see section 7.4) allow the use of one or more CBA ItemBuilder tasks
administered in a predefined order.

Criteria for item selection, optionally taking into account constraints, is reflected in
the selection of Tasks that are included in the linear sequence.

A first differentiation of the structure also of Fixed Form test assemblies (see Panel
B in Figure 2.14) concerns the distinction in assessment components which are ad-
ministered BEFORE the actual tasks (Prologue), the tasks themselves (Main), and the
assessment components which are administered AFTER the main tasks (Epilogue).
The subdivisionmade canbehelpful if, for example, a time limit is required for apart
of the assessment components (Main),11 but the time measurement does not begin
until the instruction is completed (Prologue) and a uniform test-taker enactment is
to be implemented (Epilogue).

Test designs using Fixed FormTesting can also incorporatemultiple tests, domains or
groups of Tasks as shown in Figure 2.15, by repeating multiple Test Blocks.

The difference between Panel C (multiple Test Blocks within one Test Part) and Panel

11While time limits within assessment components created with the CBA ItemBuilder can be defined
directly with TimedEvents using the Finite-StateMachine as part of item implementation (see section 4.4.3,
time limits that are toworkacrossdifferentTasksmustbe implementedwith the testdeployment software
(see section 7.2.8).



70 2 Principles of Computer-Based Assessment

 

 

FIGURE 2.15: Fixed Form Testingwith multiple Blocks or Parts.

D (multiple Test Parts) in Figure 2.15 is only cosmetic, as long as Test Parts are also
administered in a linear sequence. However, test deployment software might add
the possibility to define theRouting between Test Parts differently thanRoutingwithin
TestParts.Moreover, as soon as different technologies come into play,TestPartsmight
use test content created with different tools (if supported by the test deployment
software). In a typical educational assessment, a specific part (often administered
at the end of a session) is dedicated to an additional questionnaire, that could serve
as the content of the Block shown in the right part of Panel D in Figure 2.15.

2.7.2 Booklet Designs andRotations

For various operational reasons, it may be necessary to define which Test Parts of a
study definition are administered under which condition. In this way, for example,
consent to test participation indifferent parts of an assessment canbe incorporated,
or the order of domains can be balanced or controlled.

RotationsofTestContent: One possibility to support such scenarioswith a potential
test delivery software is to allow conditional skipping (i.e., filtering) of Test Parts. A
condition can be, for instance, a Preload-variable (i.e., a variable that contains infor-
mation available about test-takers prior to an assessment; see section 7.5.3).

Figure 2.16 shows an examplewhere a Test Part (“E-2”) is only administered if a hypo-
thetical Preload-variable “Consent” has the value “true” (i.e., if, for example, parents
have given their consent for a child to answer questions combined as Test Part “E-2”).

Usingmultiple If-else-if -conditions (or a Switch-condition),multipleRotations can be
implemented, for instance used to make identical Test Parts usable in different se-
quences.

BookletDesigns: In large-scale assessments, multiple test forms or Booklets are also
used to balance items across students, for instance, to ensure content coverage (e.g.,
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FIGURE 2.16:Conditional Test Part using between-part Routing.

Frey et al., 2009) or to link a huge amount of items (e.g., Yousfi and Böhme, 2012).
Defining individual Test Parts for items or combination of items (called, for instance,
Clusters) can become cumbersome. Instead, test deployment software canmake use
of the underlying structure that provides rational for creating booklets, for instance,
balancing the position of clusters in a permutation design (see Figure 2.17).

 

 

FIGURE 2.17:Example for a simple Booklet Design using within-part Routing.

Thebooklet design illustrated in Figure 2.17 has a randomcomponent (i.e., a random
number is created during runtime for each test-taker and the value is is assigned to
the variable "VBooklet") that is used to select the order in which two Clusters are ad-
ministered.Theclusters are createdstaticallyby listing tasks inaparticular sequence
in a separate definition that is re-used in the test assembly.
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Bookletswith TargetedDifficulty: One use case formultiple booklets is to align test
difficulty or length with prior information about the test-takers. For this purpose,
variable(s) used in condition(s) to select the Clusters or Tasks to be administered can
contain information about test-taker, provided to the test deployment software as
so called Preload-variables. If the Preload-variables contain information gathered in
longitudinal designs in a previous assessment, a simple form ofmulti-stage testing
can be implemented (Pohl, 2013).

2.7.3 Multi-Stage Testing

If an (intermediate) scoring of at least some responses of previously administered
items is feasible at runtime (i.e., if tasks contain items that can be automatically
scored, see section 2.5.1), tailored testing becomes possible. A typical goal formulti-
stage tests is to tailor the items’ difficulty to the test takers’ ability. Suppose there
is no prior information that can be used as Preload-variables. In that case, this goal
can be achieved by evaluating the test-taker’s capability after administering a first
stet of tasks (a first stage in a test the combinesmultiple stages). As shown in Figure
2.18, as soon as a list of Tasks that constitute the first stage are administered, a vari-
able "VStage1Score" can be computed that serves as the condition for a subsequent
stage. In the most simplest form, a raw score is used as criterion, allowing to select
the second stage by comparing the raw score of the first stage to a cut-off value.

Administration ofTaskswithin a Stage can allow test-takers toNavigate betweenunits
(see section 2.4.5), since the scoring is only done after the administration of all Tasks
that create a Stage. In Figure 2.18 this is made explicit by illustrating the variable
"VStage1ResultList", a list that contains all results gatheredwhenadministrating the
Tasks of the first Stage.

 

 

FIGURE 2.18:Basic Principle ofMulti-Stage Testing
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The tasks used for a particular stage12 can be defined statically in the test deploy-
ment software (see the definition for Stage "S2-A" and Stage "S2-B" in Figure 2.18)
or stored in a variable (i.e., a list with at least one Task, see "VStage1TaskList"). Hav-
ing the stage definition not static in the test specification (i.e., the configuration of
the deployment software) allows for advanced approaches such as On-the-Fly Mul-
tistage Testing (e.g., Zheng and Chang, 2015). A function that returns a list of tasks
(selected from a larger pool of candidate items) based on the provisional estimation
(temporary) or expected ability is required (see next section 2.7.4 aboutComputerized
Adaptive Testing).

The list of results shown in Figure 2.18 can also be used in an IRT-based function
for ability estimation (see section 2.5.5) if the raw score (e.g., the number of solved
items) is not sufficient for routing between stages. An IRT ability estimate (i.e., the
return value of an IRT-based function for ability estimation) is either a scalar repre-
senting a uni-dimensional ability estimate or a vector representing a multidimen-
sional ability estimate.

2.7.4 Computerized Adaptive Testing

Computerized adaptive testing (CAT) is a method to increase measurement efficiency
(see, for instance, Weiss, 1982) based on Item Response Theory (IRT). Either single
items or sets of items (Item Stages) are selected with respect to an item selection cri-
terion such as the Maximum Fisher Information for dichotomous items (see van der
Linden and Glas, 2000, for an introduction), typically for a specific Provisional Abil-
ity Estimate. Adaptive testing can be illustrated as flow diagram as shown in Figure
2.19, based on a sequence of steps embedded into the CAT Loop.

 

 

FIGURE 2.19: Simplified Illustration of Computerized Adaptive Testing.

CATAlgorithms (i.e., algorithmsused for adaptive tests) administer itemsuntil a par-
ticular Termination Criterion is reached. Termination Criteria are created based on the

12TheQTI 3.0 Specification refers to a list or batch of one ormore items from the ItemPool as ItemStage.

http://www.imsglobal.org/spec/cat/v1p0/impl#dfn-item-stage
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Test Length as the number of administered items (resulting in Fixed Length test) or the
accuracy of the ability estimate (resulting in Variable Length test) or combinations.
Hence, after initializing the adaptive test, a loop (see keywordWhile in Figure 2.20)
is used to make sure the adaptive algorithm is terminated not before the termina-
tion criteria are met. In operational adaptive tests multiple criteria (including, for
instance, that no suitable item was found in the Item Pool) can be used.

Depending on the select IRT model used to calibrate the items in the Item Pool (see
section 2.5.4), a unidimensional (i.e., a scalar) ormultidimensional (i.e., a vector) ability
estimate is used as Start Value, as Provisional Ability Estimate and as the Final Ability
Estimate. During the Initialization of an adaptive test, prior information can be used
to adopt the Start Value (i.e., the ability estimate that is used to select the first item(s)
of the adaptive test). Preload-variables can be used, for instance, to assign group-
specific Start Values (see Figure 2.20 for an example).13

 

 

How to do thiswith theCBA ItemBuilder?Multi-stage testing for simple use-cases
can be implementedwithinCBA ItemBuilder Tasks (see, for instance, section 6.7.1).
Multi-stage testing across different Tasks requires a test deployment software that
provides the required IRT functions for ability estimation and, if used, for item
selection (see, for instance, section 7.5) or the integration of statistical software
such as R [see section 7.3].

 

 

FIGURE 2.20: Illustration of Computerized Adaptive Test Initialization

Items are selected from an Item Pool (i.e., a list of Tasks with known Item Parame-
ters, see section 2.5) and item selection algorithms can incorporate additional con-
straints (see section 2.7). For constraints management (see, for instance, Born and

13The general structure of information used to initialize CAT algorithms is described, for instance in
the QTI CAT Specification using key-value pairs.
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Frey, 2017), additional parameter stored in an ItemPool can be required, for instance,
for Exposure Control (e.g., Sympson-Hetter-Parameter, Hetter and Sympson, 1997)
and for Content Balancing (e.g., answer keys, see Linden and Diao, 2011).

Itemselection either results in one single item (Item-by-Item adaptive testing) or a list
of items (Item Stages), similar to On-the-fly Multi-Stage Testing. As described above, a
list of items (with at least on entry) can be used to store the selected items used for
test administration (see "SelectedItems" in Figure 2.21).

 

 

FIGURE 2.21: Illustration of Computerized Adaptive Testing Loop

Navigation between Tasks of an Item Stage can be allowed since item selection only
takes place after administering all Tasks. Scoring of all or selected administered
items (see section 2.5.1) is required for the subsequent update of the ability estima-
tion. Scoring can take place inside of the item or based on the list of result data (see
"SelectedItemsResults" in Figure 2.21).

 

 

How to do this with the CBA ItemBuilder? Adaptive testing requires a test
deployment software that either provides the required IRT functions for item
selection and ability estimation (see, for instance, section 7.5) or the integration
of statistical software such as R (e.g., Scalise and Allen, 2015, see also section 7.3).
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2.8 Log and Process Data

 

 

Computer-based assessments provide the opportunity to collect not only the final
work product (i.e., raw responses and scored responses, see section 2.5.1) but also
to allow the collection of so-called log data that origin from students’ interactions
with the computer-based assessment platform (e.g., clicked buttons, selected radio
buttons or checkboxes, entered text,mouse-moves, etc.) or internal system changes
(e.g., timers). The examination of these log data from cognitive ability testing has
gained increased attention (Goldhammer and Zehner, 2017), for instance, in educa-
tional research, since the computer-based assessmentwas introduced in large-scale
assessments (e.g., Greiff et al., 2016).

2.8.1 Basic Terminology

In the context of computer-based assessment, using log data is still a relatively new
field of research. Different terms like stream data, log file data, event data, process
data, and others are used (and sometimesmixed). In order to illustrate themeaning
and use of log data for the theory-based construction of process indicators and to
provide guidance concerning potential implementations in the CBA ItemBuilder, a
conceptual clarification follows first.

Paradata: Additional information about the test-taking process and the data col-
lection can be understood as part of the so-called paradata, commonly used in social
science research (e.g., Kreuter, 2013). Kroehne andGoldhammer (2018) summarizes
categories of access-related, response-related and process-related paradata.

• Response-related paradata include all user interactions (pointing device like mouse
click or touch events, keyboard entries of hardware keyboards or soft keyboards)
together with all state changes of components that have different states (compo-
nents like checkboxes, radiobuttons etc. that can be selected and deselected) and
internal states (like timers etc.)
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• Process-related paradata cover, for instance, information related to the navigation
within assessment instruments (see section 2.4) aswell as interactions not directly
related to item responses

• Additional assess-related paradata can occur when administering computer-based
assessments. For example, this data can inform when an assessment is started,
continued, or completed with what type of device.

Describing possible paradata with a taxonomy cannot cover all possible future ap-
plications of the additional information available in technology-based assessments.
For a deeper look, it is worth considering the underlying nature and origin of this
additional information, the emergence of which can be conceptualized in terms of
events that create what is called Log Data.

Log Events: Log Data are generated and stored by assessment platforms as events,
that inform about how a platform providing assessmentmaterial was used and how
a provided platform changed (see section 1.6). For the data to be events, we can as-
sumewithout further limitation that each event contains the following information:

• Time stamp: When did something take place?
• Event name: What has taken place?

The TimeStamp can represent an absolute date and time, or it can represent a relative
time difference. The Event Name (or Event type) is only a first nominal distinction of
different events. As described in section 1.6, log events in the context of assessments
can be expected to contain the following additional information:

• Person identifier: Which test-taker can it be assigned to?
• Instrument identifier: Which part of an assessment can it be assigned to?

The assignment to a person is made by a reference (e.g., in the form of an identi-
fier), and this personal reference must be taken into account in the context of using
log data as research data (e.g., in the form of an ID exchange, see section 8.6). The
reference to a part of the instrument can be established, for example, by an item
identifier or a unit identifier or by describing the level at which a log event occurred
(e.g., test-level).

• Event-specific attributes: What additional information describes what happened?

TheEventNamedescribes various possible log events distinguished by an assessment
platform. Each Event can provide specific further information, which in addition to
theEventName form the actual content of the log data. Depending on the event type,
the event-specific attributes can be optional or required, and attributes can have a
data type (e.g., String, Boolean, or some numeric type). If the information provided
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by the assessment platform with an event-specific attribute is not in atomic format
(i.e., if it is not a single piece of information but a data structure, see Kroehne, tion,
for details), storing log data in rectangular data set files becomes more challenging
(see section 2.8.4).

• RawLog Events: From a technical perspective, events in digital environments like
web browsers are required and used for programming and implementing digital
(interactive) content, such as assessment instruments. Accordingly, a basic layer
tries to connect at a low level to make those events available and usable for diag-
nostic purposes. The resulting log events not specific to any concrete task or as-
sessment content are calledRawLogEvents.RawLogEvents have event types that re-
late the captured information to the event’s origin (e.g., button click,mousemove,
etc.). Raw log events are not necessarily schematically identical to the events of
the used technological environment in which the (interactive) assessment content
is implemented (such as, for instance, HTML5/JavaScript for browser-based con-
tent). However, raw log events are platform specific (i.e., different software imple-
mentations of identical content can provide different raw log events). Hence, the
assessment software defines which raw log events are captured (and how).

 

 

How to do this with the CBA ItemBuilder? Assessment components created with
the CBA ItemBuilder automatically provide Raw Log Events (see appendix B.7 for a
description of all log events). For interpreting the log events it is crucial to define
User Defined Ids (i.e., identifiers for interactive components, that are used as refer-
ences for the events data provided as trace logs to the components used in the Page
Editor to design the assessment content, see section 3.7.4).

• Contextualized Log Event: Based on the assessment content, a second kind of log
event can be described: Events that inform about an event concerning a particular
action or change in a concrete task or a particular item.These events can be called
ContextualizedLogEvents, and instrumentdevelopers (i.e., itemauthors) need tode-
fine which particular action or internal change has which particularmeaning.The
event name (or event type) can encode the semantics of contextualized log events,
and contextualized log events fit (as raw log events) into the concept of log events
as described above.

 

 

How to do this with the CBA ItemBuilder? The definition of specific Contextual-
ized LogEvents as part of the implementation of assessmentmaterials with the CBA
ItemBuilder is possible (see Operators to Create Trace Messages described in section
4.4.6) and recommended if the derivation of the events based on theRawLogEvents
is either laborious or if theoretically defined Contextualized Log Events are already
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defined as part of the instrument construction. HTML5 / JavaScript assessment
content that is included inCBA ItemBuilder projects (see section 3.14 for a descrip-
tion of ExternalPageFrames) can provide custom log-entries (Raw Log Events or Con-
textualized Log Events) via the API described in section 4.6.3.

Feature Extraction: Tagging or labeling selected RawLog Events as Contextualized Log
Events can be understood as an example of Feature Extraction (i.e., the derivation of
Low-Level Features using the raw log events, see Kroehne and Goldhammer, 2018). In
this context, Contextualized Log Events are Actions (i.e.,Low-Level Features that occur at
a point in time but do not have a time duration). More generally, Actions are contex-
tualized information that can be extracted from the log data. So-called States (i.e.,
Low-Level Features that have a time duration) supplement the possible features that
can be extracted from log events. As a rule, log events indicate the beginning and
end of a States, while Actions represent specific Log Events that occur within States.

 

 

How to do this with the CBA ItemBuilder?TheR package LogFSM described in sec-
ction 2.8.5 can be used to analyze log data provided by the different deployment
software tools (see chapter 7).

Process Indicators: Information about emotional, motivational, and cognitive pro-
cesses during assessment processingmay be contained in log data.Their interpreta-
tion in the context of assessments is guided by psychometric concepts such as valid-
ity (e.g., Goldhammer et al., 2021) and scientific principles such as reproducibility,
replicability, and (independent) replication of empirical research.

Raw log events are platform-specific and are not suitable for defining indicators
since if an assessment is re-implemented in a different technical platform, it cannot
be assumed that the Raw Log Eventswill arise identically. Accordingly, the definition
of process indicators that can become the subject of empirical validation is based on
low-level features (Actions and States), where Actions also include Contextualized Log
Events.

In this context, Process Indicators are aggregates of Low-Level Features (e.g., the num-
ber of occurrences of a particular Action or the aggregated time in a particular State),
meaning values of person-level variables that can be derived from low-level features,
and for whose interpretation theoretical arguments (e.g., in the sense of evidence
identification) and empirical support can be collected. Psychometric models (e.g.,
measurement models) can be used, for instance, to investigate the within-person
relationship of process indicators across different items or tasks and their relation-
ship to outcomemeasures.
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How to do this with the CBA ItemBuilder? Low-level features extracted with
LogFSM can be used to compute Process Indicators in R.

2.8.2 ItemDesigns and Interpretation of LogData

In line with the terminology described in the previous section, Kroehne and Gold-
hammer (2018) describe a framework for analyzing log data.The core of this frame-
work is the decomposition of the task processing into sections (called States), which
can be theoretically described regarding an assessment framework.

The presentation of an assessment component (i.e., an item or unit, for example)
always begins in a designated start state. Raw Log Events collected by an assessment
platform can be used to mark the transition from one state to another state. As de-
scribed above, RawLog Events can also indicate specific Contextualized Log Events (i.e.,
Actionswith a task-related interpretation).Thisway, two identicalRawLogEvents can
be interpreted differently depending on the current state (called Contextual Depen-
dency of Log Events, see Kroehne and Goldhammer, ress).

Decomposition of Test-Taking Processes: The theoretical framework can also be
used to describe itemdesignswith respect to the interpretability of log data. For this
purpose, it is helpful first to consider what creates States. According to Kroehne and
Goldhammer (2018) themeaning of States is constituted by combining the displayed
information (i.e., what is presented to test-takers on screen) with the possibilities to
interact (i.e., what can test-taker do and how can test-taker interact with the con-
tent).

Suppose the presented information changes (i.e., a page change or amodification of
the visible area of a scrollable page) or the opportunities change how the test-taker
can interact with the assessment content. In that case, it may be helpful to describe
the test-takingprocessusing twodifferentStates. A logevent (or events) canmark the
transition between the old andnew state (e.g., a page-change-event or scroll-event).
If the interpretation of the two states differs meaningfully, then the interpretation
of the involved log event(s) follows from the difference between the two states.

Log events can, for example, represent the selection of a response from pre-
defined response options (i.e., events that can be categorized as answer-change-
event). Suppose a State contains the view of an item stem, question, and the pos-
sibility to respond, for instance, by selecting a radio button. In that case, these
answer-change-events can distinguish two states, BEFORE_RESPONDING and AF-
TER_FIRST_RESPONSE. While the assessment is ongoing, meaning while the
item is on screen and the test-taker still has the opportunity to change the re-
sponse, the state AFTER_FIRST_RESPONSE cannot be further decomposed into
WHILE_RESPONDING (the time between the first and the last answer-change
event) and AFTER_RESPONDING, as it is not yet decided whether the test-taker
will select an answer only once (meaning, only one answer-change-event), or the
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test-taker will change to a different answer by clicking on different radio button.
However, the situation will be different if log data from concluded assessments are
analyzed. Either way, the interpretation of the state BEFORE_RESPONDING rests
on the premise that the item design allows assigning this time component to one
question. This is only possible with assumptions when multiple questions are pre-
sented in parallel on one screen.

Process Indicators for Item Analysis: Based on the decomposition of test-taking
processes into individual sections (i.e., States), which are subdivided by log events,
an in-depth item analysis can be performed, for example. An example of using
frequency-based aggregates of low-level features (e.g., number of Actionsmeaning
events tagged as answer-change events) and low-level features within states (e.g.,
number of visits of an item after selecting a final response), as well as time-based
aggregates (e.g., total time after selecting the final response), can be found in Lahza
et al. (2022).

States with DedicatedMeaning: Theory-driven created, interpretable process indi-
cators are also possible if dedicated States can be crafted with a specific interpre-
tation regarding the measured construct. An example of this idea can be found at
Hahnel et al. (2019), based on making additional information necessary for solving
a task of the task solution visible only after a test-taker interaction. The additional
information about the source of a document is placed on a dialog page, and buttons
that create log events need to be clicked to open and close the dialog page.

A similar concept underlies the analysis of navigation behavior in hypertext read-
ing when relevant pages (i.e., States reconstructed based on navigation behavior,
on which information essential for the task solution is presented) are distinguished
from irrelevant page visits (see e.g. Naumann, 2015).

2.8.3 Completeness of Log-Data

Which Raw Log Events are provided by an assessment platform depends on the re-
spective programming, and Contextualized Log Events are each related to concrete
item content. Hence, both forms are not suitable to describe whether the program-
ming of a computer-based assessment provides all (relevant) log events. Kroehne
and Goldhammer (2018), therefore, describe different completeness conditions.

 

 

How to do this with the CBA ItemBuilder? The log data collected with the CBA
ItemBuilder can be insepcted live during a Preview of the assessment using the
Trace DebugWindow (see section 1.6).

Log Data versus Result Data: The starting point for differentiating different com-
pleteness conditions of log data is the review of the relation between log data and
result data of a (computer-based) assessment.The result data contain for each item
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the raw responses (for instance, the text entered into text fields and the selection of
choice elements such as radio buttons and checkboxes), and if implemented within
the assessment platform, the scored item responses (see section 2.5.1). Although re-
sult data can be missing coded (see section 2.5.2) already when provided by the as-
sessment software, we ignore missing value coding for the following explanation.

Response completeness: Suppose a result variable that contains the final selection
of, for instance, a group of radio buttons (e.g., A, B and C). The value for this vari-
able is an identifier for the finally selected radio button or a transformation of this
identifier to a numeric value using a simple mapping (e.g., 1=A, 2=B, and 3=C). Log
data of the intuitive type answer-change are generated each time the selection of
the radio button group is changed. If A is selected first, followed by a selection of C,
two answer-change log events are expected, one for the first selection (A) and one
for the second selection (C). Taking both log events together in the correct order
allows us to reconstruct the final selection and, thus, the value of the result vari-
able (C or 3). Hence, if all answer-change events are collected, the result data can be
re-constructed form the log data. If this is possible, all answer-change events are
logged (whatever technique is used to collect the responses), and log data are called
response complete. To achieve this property, answer-change eventsneeds tobeordered
by timestamp. However, we do not need real time measures, it is sufficient that the
order of log events is maintained by the logging.

 

 

Howtodo thiswith theCBA ItemBuilder?Although the collectionof logdata iswell
developed for the CBA ItemBuilder, scoring defined within the CBA ItemBuilder
tasks is only evaluated when test-taker end the task (using a runtime command,
see section 3.12). Accordingly, only the raw input can be reconstructed from log
events provided by the CBA ItemBuilder runtime in the current version and result
data and log data are stored in parallel. Note, however, that using the TaskPlayer
API (see section 7.7) deployment software that uses the CBA ItemBuilder runtime
can request scoring data at any time (andmultiple times).

Progress-completeness: If the answer-change events can not only be sorted, but all
answer changes are logged immediately with sufficient accuracy, then log data can
also be Progress Complete. To check this property, it must be ensured that the result
variables can be determined from the log events at any time (and not only after an
assessment component, i.e., an item or a unit, has ended).This property can be eas-
ily illustrated through text input. If the changes in a text input field are only logged
when the input focus changes, then Progress Completeness is not satisfied because the
values of the result variables can be reconstructed from the answer-change events
only at the times when the test-taker leaves the input field. To achieve Progress Com-
pleteness all text changes (e.g., in connection with the key-down or key-up-events)
would have to be logged.

State‐completeness: The completeness conditions described so far are agnostic re-
garding the planned use of log data. This is different for the condition described as
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State Completeness. Consider a use case in which we want to replicate findings from
a specific study that used a particular set of States (or specific Actions or Contextual-
ized Log Events). To verify that this replication will be possible using the assessment
software under consideration, State Completeness needs to be checked regarding this
differentiation. For that purpose, all transitions between distinguished States need
to be identified with available Raw Log Events. Note that the Raw Log Events used for
the re-implementation can be different from the original implementation as long as
all required transitions (as well as Actions and Contextualized Log Events) can be rec-
ognized from the log data with specific Raw Log Events that are provided by the new
platform.

Replay‐completeness: Verifying log data with respect to State Completeness is espe-
cially helpful if a concrete set of States and Actions (or Contextualized Log Events) is
known. If one wants to ensure that log data is as complete as possible so that all
changes based on user interactions and internal state changes, such as timers, etc.,
are included in the log data, then Replay Completeness is helpful. Replay Completeness
is fulfilled when a screencast (like a video)14 can be recreated from the collected log
data. Figure 2.22 provides an example.

 

 

FIGURE 2.22: Item illustrating the replay feature (work in progress) (html|ib).

 

 

How to do this with the CBA ItemBuilder? The development of the CBA Item-
Builder starting with Version 9.8 aims to achive Replay Completeness. Note, that in
the current preview the pointing device (i.e., the mouse pointer) is not included
and, hence, invisible for the replay.

An understanding and objective analysis of the completeness of log data (i.e., what

14Note that develops the the Text Replay suggested by Gobert et al. (2013) further.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IllustrateReplayFeatureDemo/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IllustrateReplayFeatureDemo.zip
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interactions and system state changes can be inferred from the log event data) is
also crucial for making valid statements about Idle Times and for interpreting time
differences in log data analyzed as time-stamped action sequences (e.g., Ulitzsch
et al., 2022).

2.8.4 Data Formats for LogData

Log data collection often requires specific programming and presents additional re-
quirements that must be specified, implemented, and tested (see, for instance, sec-
tion 8.4 for details about Testing of CBA projects).

Even thoughbased on the definition of log events described above (see section 2.8.1),
the structure of the event data canbederived, thedata of softwaredevelopers in con-
crete assessment software tools do not necessarily have to be stored in log files in a
structured way. Often log data is stored mixed with other data (including paradata
andmetadata), and functional requirements (regardingpresenting assessment con-
tent and collecting final responses)might be prioritized for the assessment software
in comparison to a transparent separation of different data forms.

For various reasons, data from an assessment platform may initially be stored in
a preliminary (and proprietary) data format, and additional steps of data post-
processing (see section 8.6 may be necessary to extract the Raw Log Event data (or
Contextualized Log Events). The data formats for log event data described briefly be-
low must therefore be generated from the data from the preliminary data formats
used by particular assessment software. It does not matter whether the assessment
software stores the data internally in a relational or document-based database or
whether it is based on the generic markup language XML or the JSON serialization
commonly used in web contexts.

Flat andSparseLogDataTable: Starting froma long-formatwith one event per line,
the storageof logdata in the formof a onebigFlat andSparseLogDataTable (FSLDT) is
possible (Kroehne, tion). As long as theminimal conditionsdescribed above (see sec-
tion 2.8.1) are fulfilled (i.e., each log event is assigned to a person, has an event type
or name, and a timestamp), the corresponding columns in the FSLDT are filled in
for each line. Suppose many different event types that contain different required or
optional event-specific data. In that case, the FSLDT contains many missing values
and can become large and messy. Moreover, additional specifications are required
for non-atomic event-specific data (i.e., to handle nesting, see Kroehne, tion).

Universal Log Format: Log data can be stored clearly and efficiently using simple
relational database concepts. For this purpose, the data is stored in tables per event
type. Each of these data tables thus contains fewer missing values, and the seman-
tics and data types of the event-specific attributes (i.e., columns) can be defined and
documented (see section 8.7). Missing values only occur for optional event-specific
attributes, and additional specifications can be used to handle nested data types in
the form of additional tables.
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The individual tables per event type can be combined and sorted again based on the
time stamps to create an FSLDT. The individual tables can be saved as data sets in
the common data set formats (CSV, Stata, SPSS, …) and thus easily managed by re-
search data centers since standard procedures (e.g., for the exchange of identifiers,
see section 8.6) can also be applied.

eXtensible Event Stream (XES): Developed to achieve interoperability for archiv-
ing event logs data, the IEEE 1849-2016 XES Standard is the most attractive format
for storing log data in a way that different tools can read. As described in Kroehne
(tion), the XES format combines information about the log data (i.e., how the data
are stored) and the data,making this standard very flexible and valuable for log data
from computer-based assessments. However, although the data are stored in XML
format, researchers unfamiliar with theXES standard cannot read or verify the data
without additional tools.

 

 

How to do this with the CBA ItemBuilder? When post-processing data collected
with CBA ItemBuilder content with the R package LogFSM (see secction 2.8.5), log
data are processed and provided as (compressed) XES file and in the Universal Log
Format (in either Stata, SPSS or CSV tables).When reading andmerging all event-
specific tables from a ZIP archive containing data in theUniversal Log Format, a Flat
and Sparse Log Data Table can be created in R.

Learning Analytics: Log data gathered in assessment can also be described and
stored using the concepts developed in the domain of learning analytics (for in-
stance, the experience API statements, xAPI). The test-taker, required for log events
after data preparation as person identifier corresponds to the actor in an xAPI state-
ment. The event name (if necessary in combination with one or multiple event-
specific attributes) can create a verb (e.g., clicked).The object is specified by the instru-
ment identifier, and when necessary, further specified by event-specific attributes.
Finally, context information of an xAPI statement can refer to access-related para-
data (e.g., the location where an assessment takes place) or to metadata or linked
data (such as the instructor of a course, in which an assessment is conducted).

Note that other standards (such as IMSCaliper andHao et al., 2015) exist thatmight
be worse to consider.

2.8.5 Software Tools

The development of generic tools for analyzing log data from computer-based as-
sessments is still in its infancy. Often, log data are only analyzed in a study-specific
way, for example, by creating specific programs for analysis (cf. PIAACLogAnalyzer,
Goldhammer et al., 2020).

LogFSM: A generic tool for analyzing log data based on algorithmic processing of

https://xes-standard.org/
https://www.imsglobal.org/activity/caliper
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log events (Raw Log Events or Contextualized Log Events) using finite-state machines is
theRpackage LogFSM, which implements the framework for feature extraction sug-
gested by Kroehne and Goldhammer (2018). Finite-State Machines (FSM, e.g., Alagar
and Periyasamy, 2011) are used, for instance, in the CBA ItemBuilder to implement
dynamic interactive items (see section 4.4, and Rölke, 2012; Neubert et al., 2015).
Similar principles are also useful for the analysis of log file data (e.g., Kroehne and
Goldhammer, 2018).

Further R Packages: Additional R packages for analyzing log data include, for in-
stance, LOGAN (Reis Costa and Leoncio, 2019) / LOGANTree, ProcData (Tang et al.,
2021), and TraMineR (Gabadinho et al., 2011).

2.9 Feedback

Computerized assessment allows for a variety of different forms of feedback. Feed-
back can relate to the answering process and the answers themselves.

2.9.1 Feedback during the Assessment

Different feedback forms can also be distinguished, either always displayed during
the assessment or retrieved optionally. Some of the basic options are briefly de-
scribed in this section.

Real-Time Feedback while Responding: Interactive items can be designed so that
the cognitive operations for completing a task change aspart of the response format.
This type of feedback during test-taking is illustrated in the item in Figure 2.23 for
an example matrices task. In this example, once the answer is chosen, it is already
presented in the context of the stimulus, supporting verifying the submitted answer
without explicitly providing feedback about task correctness.

Real-Time Feedback about Results: Closed response formats or automatically
scored items allow explicit feedback about the results provided either immediately
or delayed (Shute, 2008). As discussed in van der Kleij et al. (2012), the operational-
ization of immediately (e.g., feedback given during the completion of an item) and
delayed (e.g., feedback given directly after completion of all the items in the assess-
ment) differs across research. Different types of feedback are investigated and used
inpractice and real-timeperformance feedback is considered (e.g., scaffolding feed-
back, Finn and Metcalfe, 2010), in particular, attractive for formative assessments
(DiCerbo et al., 2020).

Feedback about (Remaining) Time: Especially when moderate time limits are used
for larger test sections, it is helpful to integrate feedback about the remaining time
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FIGURE 2.23: Item in the style of a Raven’s Progressive Matrices test (html|ib).

 

 

FIGURE 2.24: Item illustrating result feedback (html|ib).

into the items to make the information available to all test takers in a comparable
(standardized) form.

The feedback can be implemented by displaying the remaining time (numerically)
or by using a graphical visualization that visualizes the remaining time only roughly
(in order not to create unnecessary time pressure).

Alternatively, as illustrated in the item in Figure 6.37, feedback on the remaining
time can be provided, for example, at the item level by displaying a hint if an item
still needs to be processed after a predefined time threshold.

FeedbackaboutTaskProgress: In addition to the remaining time, it is alsohelpful to
provide feedback on overall test completion in computer-based assessments where
progress cannot be inferred from the printed test booklet, as shown in Figure 2.25.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RavenDragAndDropExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RavenDragAndDropExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ResultFeedbackExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ResultFeedbackExample.zip
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FIGURE 2.25: Item illustrating task progress feedback (html|ib).

Feedback on Task Completion:The feedback about the processing status can also
distinguish between visited pages and answered items. In that case, it is also possi-
ble to read howmany tasks will still have to be processed from a progress display. A
simple example is included in Figure 2.25. The graphical design can be more elabo-
rate if multiple items are combined on individual pages.

Feedback about Navigation: As shown already in Figure 2.13, as soon as test-takers
can not navigate back after leaving a section, unit, or page, a feedback dialogue or
popupmessage is often used to inform the test-taker about the consequence of con-
tinuing.

Missing Value Feedback:The number of unfinished tasks can be displayed continu-
ously or when leaving a unit. Suppose test takers cannot navigate back to a previous
section. In that case, it makes sense to display a warning that can be designed dif-
ferently for the case that all items have been answered (feedback about navigation)
or that items still need to be answered (missing value feedback).

 

 

How to do this with the CBA ItemBuilder? The CBA ItemBuilders capabilities for
the dynamic content can be usedwithin tasks to realize the different feedback pos-
sibilities during the assessments (see chapter 4).

Rapid Guessing Feedback: Feedback about test-taking behavior, such as rapid
guessing, can be provided to test-takers, either automatically [see, e.g., N.N.] or by
test administrators (see, e.g., Wise et al., 2019).

FeedbackonConsistency: Feedback about responding (too) quickly or unexpectedly
fast is just one of many possibilities. If the software allows, for instance, person-fit
measures can also be used to give feedback about inconsistent answers.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskProgressExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskProgressExample.zip
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2.9.2 Feedback after the Assessment

Once data collection is completed for a single test-taker, there are multiple oppor-
tunities for further use of data for feedback purposes. Steps that can be relevant for
creating feedback after an assessment include the scoring of responses (see section
2.5.1) and the ability estimation (using calibrated items, see sections 2.5.4 and 2.5.5).

TechnicalPlatformfor IRT-Methods:When an IRTmodel is used tomodel themea-
sured construct, appropriate psychometric algorithmsmust be used for ability esti-
mation, using pre-calibrated itemparameters (i.e., the number of correct responses
is not enough if the raw score is not a sufficient statistic). The necessary functions
for ability estimation with various IRT models are freely available within software
packages for data analysis (for instance, in the formof theRpackageTAM,Robitzsch
et al., 2022). In order to use these functions also for operational computer-based as-
sessments, the corresponding platform must be available (e.g., by using R with the
help of the environments ShinyProxy, OpenCPU or the R package Plumbr), or the
delivery environment must provide the required IRT functions.

Technical Platform for Report Generation: A technical solution for the automatic
creation of feedback is also necessary to create texts and, if necessary, graphics and
combine them into HTML, PDF, or other text documents [e.g., R and the package
kntir, Xie (2015); see section 7.3.5 for an example].

Technical InclusionofProcess Indicators: In addition to outcomevariables, process
indicators representing aggregations of Low-Level Features that can be extracted from
log data using algorithms (see section 2.8) can be helpful in generating feedback.
A technical platform is also required for this necessary analysis of the log data, in
which, for example, the R package LogFSM (see section 2.8.5) can be integrated.

 

 

How to do this with the CBA ItemBuilder? The derivation of result variables for
feedback after an assessment can be prepared by using the scoring functions of the
CBA ItemBuilder (see chapter 5).However, parts of the required technical platform
must be provided by the deployment software (see chapter 7).

https://www.shinyproxy.io/
http://www.opencpu.org/
https://www.rplumber.io/
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2.10 Item and Test Security

 

 

Computer-based testing is also connected in differentwayswith the concept of item
and test security.

2.10.1 Protection of Items and Tests

Test security is first of all related to the protection of item content, of particular
importance for high-stake assessments or for low-stakes assessments that aim to
measure trends by using so-called link items.The core idea is that test instruments
should only be accessible to a limited group of users to protect item contents from
becoming known.

2.10.2 Secure Test Deployment

Whether and in what way item contents can bemade known dependsmainly on the
type of test delivery. If, for example, a proctor is present on-site during a test ses-
sion and the test is carried out in a so-called kioskmode (see section 7.2.3), then the
proctor and the software can help tomanage the possibility of uncontrolled dissem-
ination of item content.

From a diagnostic perspective, test security also has a second meaning: An assess-
ment platform should implement a certain degree of restrictions so that the assess-
ment can be carried out with as little disruption as possible. Since a certain degree is
difficult to verify froman ITperspective,weworkwith the followingoperational def-
inition of operational test security of assessments in terms of usability for diagnostic
purposes:

 

 

No unintentionalmishandling of the assessment platform or any unintended test-
taker behavior should lead to an interruption of the assessment.
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The usability of computer-based assessments and the protection of items and tests
are related, as both aim at restricting the possibilities of how the test-takers can in-
teract with the test delivery while answering items and working on assigned tasks.
The followingexamples illustrate forweb-baseddeploymentshowacomputer-based
assessment can be challenged regarding the usability (and related to test security):

• Accidental closing of the entire browser can interrupt the assessment or result in
losing data.

• Navigation using browser Back-, and Forward- buttons (instead of the buttons
within the assessment content) might interrupt the assessment.

• Drag and drop operations on content that requires scrolling to be completely vis-
ible can occur unintendedly, for instance, if test-taker can reduce the size of a
browser window.

• Theattempt toopenanassessment in a secondwindowor tab can lead tounwanted
interruptions or, in the worst case, inconsistencies in the data.

Thus, the question of the delivery of computer-based assessments can have a signif-
icant effect on the validity of measurements. Collecting log data, for instance, for
so-called off-task behavior, can help identify and ultimately quantify the problem.
However, interpreting scores at the individual level may be challenging or, analo-
gous to disengaged response behavior and rapid guessing responses, impossible.

2.11 Design Principles of the CBA ItemBuilder

 

 

2.11.1 Content Experts as ItemDevelopers

Creating good assessment items depends primarily on creating task contexts in
which understanding can be applied and, where appropriate, knowledge can be
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demonstrated. As general as the concepts of computer-based testing and psycho-
metric assessments are, as specific are the application areas and domains in which
diagnostic questions are to be answered.TheCBA ItemBuilder is therefore designed
in such away that content experts can use the software to create, test, and ultimately
use items for computer-based assessments.The technical platform should support a
wide range of possibilities of more innovative, technology-enhanced item formats,
which is why the CBA ItemBuilder goes beyond the simple, although standardized
item formats of IMS QTI and allows the design of multi-page interactive items.

2.11.2 Model-based Representation

TheCBA ItemBuilder uses a componentmodel to enable the graphical design of assess-
ment contents. Starting from individual pages, the position of elements and their
properties are defined with the help of a graphical editor. In the current version of
the CBA ItemBuilder, this graphical editor is a program that can be installed on the
computer (see section 1.1). With this program the abstract componentmodel becomes
the basis for the creation of assessment content. The visual part of the component
model comprises pages (of different page type, see section 3.4), and the graphical Page
Editor allows to add components from the so-called Palette to the pages.The compo-
nentshave variousproperties, suchas theposition (inpixels Xand Y), the size (inpixel
Width and Height) andmanymore (dependingon the type of a particular component).
The component model is stored within the item definition (in so-called Project Files)
and used to generate source code (or a configuration file that can be usedwith a par-
ticular piece of software, called TaskPlayer API) that is used to use CBA ItemBuilder
content in assessments.

2.11.3 Separation of Layout and Logic

The model-based representation of the assessment contents (using the component
model as describe above), as implemented in the CBA ItemBuilder, is also the ba-
sis for a possible long-term archiving strategy of computer-based tests (see section
8.7.3). The basic idea here is that the runetime code can be updated from the model
if a newer version of the CBA ItemBuilder can open project files of previous versions
(see 3.2.1).

2.11.4 Containers andNesting

Containers definewhich components can be added as child elements (i.e., only com-
ponents of a particular type can be nested within containers of a particular type).
Moreover, using the concept of containers, the order in which components are dis-
played (the so-called Z-Order, the sequence in which components are rendered on
top of each other if they overlap) is defined for pages created with the CBA Item-
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Builder. Containers are always rendered below their child elements. If a component
is a container, the Z-Order of its nested components is defined by the order of the
components within the container (see section 6.8.5 for details on overlapping com-
ponents). Hence, the order in which components are added (i.e., the order within
the Component Edit view) defines the order in which components are displayed on
top of each other during runtime (i.e., in the Preview and when assessment compo-
nents created with the CBA ItemBuilder are used in assessments).





3
Designing Items Using Static Content

 

 

The following two chapters describe creating new items with the CBA ItemBuilder.
Static content (chapter 3) anddynamic content (chapter 4) are introduced separately,
which helps describe the CBA ItemBuilder’s functional scope. This separation will
become less critical for practical work with the authoring tool since the two areas
are deeply integrated.

In this chapter, the features and topics are introduced in sections 3.1-3.7 in the or-
der that follows the steps required for item implementation, and cross-references
acknowledge the relationships between the various topics. The introduction is fol-
lowed by a second part in sections 3.8-3.15 that systematically introduces all compo-
nents authors can use to design assessment content.1

1Note that all components canbe easily foundbyusing the register of all components included inTable
B.22 in the appendix (see appendix B.6).
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3.1 Overview of the User Interface

 

 

The CBA ItemBuilder is built based on an open-source development environment
(Eclipse).Hence,workingwith theCBA ItemBuilderdiffers fromusingmodernapps
andweb-based tools.Theuser interface is first described in detail for all users to find
their way around quickly.

 

 

Tip: Using the CBA ItemBuilder requires the context menu, opened via the right
mouse button.

3.1.1 Top:MainMenu and Toolbar

After starting the CBA ItemBuilder, a program window opens with a structure as
shown in Figure 3.1.The arrangement of the different areas can be adjusted and con-
figured according to individual needs and preferences (see section 6.8.1 for details).
The different areas of the user interface have particular meanings, described in the
following, as shown in the default configuration.

The CBA ItemBuilder can be operated via aMainMenu, located in the top of the ap-
plication (see File, Edit, … Help in Figure 3.1). Essential commands are also directly
accessible with icons in the Toolbar, below theMainMenu.2

 

 

Tip: The available entries in the Main Menu of the CBA ItemBuilder are context-
sensitive (e.g., selected entries are only available if a tab with a certain content is
displayed in the Page Editor, see section 3.1.3).

2A complete list of all functions can be found in the appendix in Tables B.1-B.7.

https://www.eclipse.org/ide/
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FIGURE 3.1:MainMenu, Toolbar and left area of the CBA ItemBuilder user interface
(Project View, EmbeddedHTMLExplorer, Renderer and below the Component Edit).

3.1.2 Left: Project View, Component Edit, EmbeddedHTMLExplorer andDe-
signPageswithBasic Components

In the default configuration, the left area of the CBA ItemBuilder contains the fol-
lowing four tabs (see Figure 3.1)with specific functions as described in the following:
The Project View, the Component Edit, the Embedded HTML Explorer, and the internal
Rendering. It is possible to switch between the tabs at any time, and the tabs can also
be un-docked and re-sized (see section 6.8.1).

Project View: The Project View is organized as a tree and is empty by default. As soon
as a project is created (see section 3.2.1, the Project View shows the current project’s
name as the root element, which is also shown in the name of the main window.
When a project contains pages, the pages are listed under the root element. Right-
click on the root element (i.e., the project name) or a page (i.e., one of the elements
in the tree) opens different context menus, as shown in Figure 3.2.

 

 

FIGURE 3.2: Context Menu in the Project View clicked on the root (left) and on a page
(right)
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Entries in the tree of theProjectView represent pages in the current project.Theorder
of pages can be sorted with the buttons

 

 

and
 

 

.3

Thecontextmenuof theProjectView clickedon the root (i.e., right-click on theproject
name) allows to create new pages (see Add new page in the left part of Figure 3.2).
Double-click a page in the Project View (or right-click a page name and select Open
Page) allows to open a page in the Page Editor. The remaining functions accessible
using the context-menuof theProjectName (right-click the root element in theProject
View) and the Pages (right-click a page name in the Project View) will be described in
context of the related features of the CBA ItemBuilder.

 

 

The Project View provides two different contextmenus, namely a menu with func-
tions to the current project (available when the project name, i.e., the root element
is right-clicked) and a menu with functions to a selected page (available when a
page in the Project View is right-clicked).

Component Edit: Beyond the Project View that is open by default, the left area of the
CBA ItemBuilder’s user interface contains three more tabs. The first tab is headed
with Component Edit. After opening a page in the Page Editor the Component Edit lists
all components of that page.The Component Edit view is essential for selecting com-
ponents in the graphical Page Editor, for instance, when components are placed on
each other or are too small to be easily selected by point-and-click.

 

 

The Component Edit view allows inspecting and selecting elements of the current
page in the Page Editor (see section 3.7.3 for details).

 

 

CBA ItemBuilder Version 10.0 will support changing the order of components in
the Component Edit view.

Embedded HTML Explorer: The CBA ItemBuilder is designed as an open tool for re-
searchers to create interactive assessment components (items, instructions, etc.).
Content that can be created with the core components presented in this chapter is
defined independently of concrete programming technique (see detailed about the
model-based representation in section 2.11.2).However, CBA ItemBuilder items can
be extendedwithHTML5/JavaScriopt content. If features are not available using the

3Sorting pages can be helpful in large projects, but the order of pages has no functional meaning:The
first page that is shown is defined in the Task-definition (see section 3.6), and the navigation between
pages is defined using links (see section 3.11), using specific finite-state machine operators (see section
4.4.6) or by assigning pages to states (see section 4.4.9).
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core components or fragments are already available or programmed for browser-
based environments, HTML and JavaScript can also be used along with core compo-
nents. For this purpose, existingmaterial can be imported as files and folders in the
CBA ItemBuilder Project Files using the EmbeddedHTMLExplorer (see section 3.14.2).

Rendering: The Drawing Area in the Page Editor of the CBA ItemBuilder (see section
3.1.3) is notWhat you see iswhat youget. To verify thefinal layout of a page, the internal
Rendering (or the full Preview, see section 1.4) can be used.TheRendering tab in the left
part of the CBA ItemBuilder is preferred since this preview of the currently opened
page of the Page Editor is updated automatically if major changes are applied to the
page or the button

 

 

is pressed (see section 3.7.1 for details). The Rendering tab is
empty, of no page is opened.

 

 

The tab Rendering provides an instant feedback about the page layout without re-
quiring an external Browser.The tab can be undocked (and docked to the left,mid-
dle and righ part of the user-interface to fit the need of item authors, see section
6.8.1).

 

 

The tabs on the left side can beminimized and hidden in themargin with the icon

 

 

Minimize. The icon
 

 

Maximize enlarges the area by minimizing all other areas.
The icon

 

 

Restore returns to the original view.

3.1.3 Middle: PageEditor andOther Editor-Tabs

The middle region is the main working area of the CBA ItemBuilder. This area is
structured in the form of tabs, each of which is opened to edit specific content (i.e.,
a Page Editor to edit pages, an HTML Text Editor to edit components of type HTML-
TextField, etc.). Changes to individual parts of the currentProject Filesmade in such a
tabmust typically be applied, before other parts of the CBA ItemBuilder can consis-
tently work with the changes. The CBA ItemBuilder indicates unchanged contents
with a small * in the tab name.

Page Editor and Palette: The core component for designing pages is the Page Editor.
ThePageEditor is opened for aparticular pagebydouble-clickingon the existingpage
in theProjectView. By clicking on the small icon on the right

 

 

, the context-sensitive
Palette is displayed (see Panel E in Figure 3.3).

If not requested differently, new pages are by default created with Frame and Panel
(see section 3.4).ThePalette allows selecting components that canbe added in thePage
Editor in the current context, meaning within the currently selected component. Af-
ter creating the first page, the CBA ItemBuilder, the PageEditor is not yet open (see A
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FIGURE 3.3: Five steps for opening a newly created page in the Page Editor and open
the Palette.

in Figure 3.3). To open the page, double-click the page name in the Project View or use
the context menu (right-click on the page name, see B in Figure 3.3, and selectOpen
page). After opening the page the Page Editor appears as a new tab, showing the page
with Frame and Panelin the Drawing Area (see D in Figure 3.3). Clicking on the small
icon

 

 

opens the context-sensitive Palette (see D in Figure 3.3). However, as long
as no component is selected, the Palette contains only the Framecomponent. To see all
components in thePalette that can be added inside of components of type Panel, click
the Panel that is by default created when new pages are added (see E in Figure 3.3).

 

 

The available components for the current selection in the Page Editor are displayed
in the context-sensitive Palette.

The different components possible in the current context are shown in the Palette
(according to the currently selected component in theDrawingArea). To insert a new
component, select that particular component in the Palette and then click and drag
to place it in the parent component in the Page Editor (see section 3.7 for detailed
instructions).
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Changes in the Page Editor are applied when the Page Editor is closed via the small
cross next to the page name in the tab title

 

 

and the Save Resource dialog is con-
firmed with OK. Also, the saving of the entire Project Files takes over the change one
all Page Editors.

 

 

Changes in the Page Editor and other editor tabs must be applied so that the CBA
ItemBuilder user interface is always consistent with the contents of the current
Project File. A small * in the title bar marks changes that have not yet been applied.

Other Editor Tabs: The CBA ItemBuilder’s main area is also used for other editors.
These include editors for formatting text (for components of type HTMLTextField see
section 3.8.2, and for components of type TextField, see section 3.8.3). In addition,
the Resource Browser (see section 3.10.1) for importing images and media files into
Project Files is also shown in this area. Editors for editing dynamic content (see chap-
ter 4) and defining the scoring items (see chapter 5) are also presented in this sec-
tion.This includes syntax editors for definingHit Conditions (see section 5.3.2), Task
Initialization (see section 4.5),Conditional Links (see section 4.3) and for defining State
Machine Rules (see section 4.4.4). Finally, the definition of States and Variables is also
conducted in the State Machine Tree View, shown in this part of the CBA ItemBuilder
user interface (see section 4.4.1).

Zoom: For the graphical editing of assessment components (i.e., for the design of
pages in the Page Editor), the CBA ItemBuilder provides a zoom function. A zoom
factor can be entered or selected in the toolbar (

 

 

).This zoom factor only
influences the display in the Page Editor during the creation of the pages and has no
influence on the final display in the Preview or the test delivery.4 Page Editors formul-
tiple pages can be opened simultaneously.

3.1.4 Right: Properties, Tasks,Variables,ValueMaps andClipboardView

The right part of the CBA ItemBuilder window also has content that in the default
configuration always displayed there, and also this right area is organized with the
help of tabs. A tab appears if one of the following editors are requested: Properties
view, Tasks, Variables or ValueMaps. Changes in the editor are saved either when the
project is saved (see section 3.2.1) or when the tab is closed.

Properties view: A central part of the user interface for defining components in the
Page Editor of the CBA ItemBuilder is the so-called Properties view. In this tabular
display, individual properties of the component currently selected in the Page Editor

4If amousewithwheel is available, the shortcut Ctrl+Mouse Wheel (Strg+Mouse Wheel) changes the zoom
level.
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can be specified and modified. The Properties view is hidden by default. The Proper-
ties view can be shown with the entry Show Properties View from the Context Menu of
components in the Page Editor

 

 

To specify detailed Properties of components, the Properties view can be opened via
the context menu and the entry Show Properties View.

Once the Properties view is opened in the right area of the CBA ItemBuilder, it shows
the properties of the currently selected component in the Page Editor. The headline
of the Properties view always show the components’ type.The component selection in

Figure 3.4 is, for instance, of type Panel (as can be seen from the headline:
 

 

).

 

 

To use the Page Editor it is essential to knowwhat type a selected component in the
Drawing Area is. The type is automatically displayed in the Properties view and the
Component Edit view (see section 3.7.3 for details).

 

 

FIGURE 3.4: Properties view of a selected component of type Panel.

ThePropertiesview isdivided into sections (Appearance,Component Interaction,Display,
…) andhas two tab-pages (CoreandAppearance).Most properties are shownon the tab
Core. Which properties can be changed depends on the component’s type.

Section Position in the Properties View: All components that can be freely placed in
the Page Editor have a section Position in the Properties view. The section Positions
allows the Width and Height as well as the X- and Y-coordinate to be defined exactly.
The upper-left corner serves as the origin with the coordinates X=0 and Y=0.
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Tab Appearance in the Properties View: For components that display text (except for
components TextField and HTMLTextField, which support different formatted text,
see section 3.8), font name, font size and font color (

 

 

), bold font (
 

 

), italic font
(

 

 

), andunderlined font (
 

 

) canbe configured in theAppearance tabof theProperties
view (see Figure 3.5). To facilitate the use of consistent fonts and to narrow the fonts
used in web deliveries, the available fonts can be restricted (see section 6.8.2).

 

 

FIGURE 3.5: Properties view showing the tab Appearance.

For all components the fill color (
 

 

) is only applied, if the component is not config-
ured to be Is Transparent=true in the section Display of the Properties view. Finally,
for all components the border color (

 

 

) can be defined. However, a border is only
shown if the property Border Width in the sectionDisplay of the Properties view is de-
fined (default is 0).

 

 

Background color is only used for components that are not transparent and line
color is only used, if the Border Width for a component is a positive number larger
than zero.

Section Identification in the Properties View: The section Identification should be
mentioned, which is important for the creation of assessment components with the
CBA ItemBuilder. As described in detail in section 3.7.4, components required for
scoring or dynamic parts must be namedwith a unique UserDefinedId. For that pur-
pose, a string literal can be entered as value of the property UserDefinedId.

Rulers & Grid in the Properties View: The CBA ItemBuilder can align components
in the Page Editor using a grid. Settings for spacing and visibility of the grid can be
made using the Properties viewwhen the Page is selected (see Figure 3.6). To select the
Page, open the Page and click outside of the Frame in the Page Editor.

Editing the Rulers & Grid options in the Properties view is only possible, if a page is
open and the page itself (and no component) is selected in the Page Editor.5

5Note that the configuration of the CBA ItemBuilder defines whether settings for Rules & Grid can be
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FIGURE 3.6: Properties view shows Rules & Grid if the Page is selected.

 

 

To minimize the need for entering exact coordinates when designing items, it is
recommended to activate the Snap To Grid and Snap To Shape functions an to define
ameaningful Grid Spacing (e.g., 10 for the Ruler Units=Pixels) or to use Auto-Layout
Panels (see section 3.5.3).

TaskEditor: A specific editor to define the entry points that are provided by a Project
File is the Task Editor (see section 3.6). The editor is requested using the icon

 

 

(or
the entry Browse Task and Item Score from the Projectmenu) and allows also to define
the scoring rules for each task (see section 5.3).The TaskEditor is also displayed in the
right part of the user interface (see Figure 3.7, in which the left and the middle part
of the user interface are minimized).

 

 

FIGURE 3.7: Task editor in the right area of the user interface.

Variables: Variables can be used in the logic-layer of the CBA ItemBuilder (to con-
trol the behavior of items using finite-state machines and to show dynamic content,

made separately for each page or apply to all pages in the CBA ItemBuilder (the menu Utilities the item
Preferences gives access to the tab CBA Rules And Grid).
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see section 4.2). Variables can also be used to store results or information from con-
tent embedded via so-called ExternalPageFrames (see section 3.14) and variables can
be used for scoring responses. As shown in Figure 3.8, variables can be declaredwith
different Typ, need to have a Name and a (default) Value.

 

 

FIGURE 3.8:Variables editor in the right area of the user interface.

Value Maps: Another part of the CBA ItemBuilder’s user interface shown in Figure
3.9 is the editor for so-called ValueMaps (see section 4.2.4). ValueMaps are tables for
translating variable values (e.g., 1, 2, 3-5, see section 4.2) into pre-defined texts and
media (i.e., images, audio or video files embedded in the project, see section 4.2.4).

 

 

FIGURE 3.9:ValueMaps editor in the right area of the user interface.

After defining a Value Map to translate variable values or value ranges (so-called



106 3 Designing Items Using Static Content

Guards) to texts, images or audio-/video files (see section 4.2.4 for details), map-
based value-displays can be embedded on pages to show themapped resources (us-
ing MapBasedVariableDisplays, see section 4.2.5). Value maps are used, for instance,
to visualize FSM-variable values, to adjust the visual presentation within items dy-
namically and to implement drag-and-drop response formats (see section 4.2.6).

ClipboardView:The right paneof theCBA ItemBuilder canalsodisplay theClipboard
View, enabling components and their contents to be copied and transferred within
pages, between pages, and between CBA ItemBuilder Project Files (see section 3.7.2
for details).

3.2 CBA ItemBuilder Projects Files

 

 

After describing the user interface of the CBA ItemBuilder, this section turns to the
content that canbe createdwith the authoring tool.TheCBAItemBuilderusesProject
Files that are plain ZIP-archives.The Project Files (with the file extension *.zip) contain
the task specification, settings, pages, syntax for scoring and the finite-state ma-
chine as well as all resources (e.g., graphics, videos) used by the project. Moreover,
the ZIP archives contain the generated data required for rendering the item during
runtime (see section 2.11.2).

 

 

The files with assessment content that can be created and edited with the CBA
ItemBuilder are ZIP archives. These must not be unpacked but can be opened di-
rectly as ZIP archives in the CBA ItemBuilder desktop application.

3.2.1 Workingwith Project Files

As already described in the section 1.4.1, the CBA ItemBuilder is an editor for item
projects, which are stored as ZIP archives. The Project Files are not created using the
Explorer. Instead, Project Files are created inside of the CBA ItemBuilder.



3.2 CBA ItemBuilder Projects Files 107

Creating new Projects: After the CBA ItemBuilder has been started, a project must
either created, or an existing project can be opened. To start with an empty project,
the menu File contains the entry New project (

 

 

). To create a new project, the in-
put of a valid project name is mandatory. The name selected here is subject to some
restrictions:

 

 

Thename of a project (Project Name) must not contain neither white spaces, special
characters nor start with a number and using the name template for CBA Item-
Builder projects is not allowed. The name of the Project File (i.e., the ZIP archive)
is by default the Project Name, but projects can be renamed (see Figure 3.10) and
project files can be renamed (by changing the name of the ZIP archive outside of
the CBA ItemBuilder or by using Save As...) independently.

The file name is by default identical to the Project Name. To save a Project File with a
different file name, use Save as... (see section 3.2.1). To rename a project, use the
entry Rename project (see Figure 3.10) in the context menu of the Project View.

 

 

FIGURE 3.10: Rename Project-Dialog accessible form context menu in Project View.

ValidProjectNames: If an invalid project name is entered, the CBA ItemBuilder dis-
plays the message shown in Figure 3.11 next to the

 

 

-icon. In this case, change the
name to comply with the regulation and confirm the dialog with OK.

Download Project Files: Only local files can be opened in CBA ItemBuilder. There-
fore, CBA ItemBuilder Project Filesmust be downloaded as ZIP archives when shared
over the Internet. Web browsers have a habit of opening ZIP archives after down-
load. Make sure you open Project Files unchanged as a ZIP archive in the CBA Item-
Builder.6

RenameProjects Files (Save as...): By using Save as from the Filemenu and choos-

6For CBA ItemBuilder versions prior to 9.4: If a file with a particular file name already exists in your
download folder, browsers often create copies with modified file names (e.g. my_project (1).zip instead
of my_project.zip).Make sure that files are savedwith their original namewhen you downloadCBA Item-
Builder Project Files.
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FIGURE 3.11:Warning about allowed characters for project names.

ing a different name, the CBA ItemBuilder renames the file but not the project. Re-
naming the ZIP file is therefore not sufficient to rename the project (see section
3.2.1).7

Use of CBA ItemBuilder Project Files: CBA ItemBuilder project files (i.e., ZIP
archives) canbeuseddirectly indelivery software (see section 7). For thedefinitionof
tests (i.e., the so-called test assembly), assessment components stored in CBA Item-
Builder project files are referenced via the project name and the entry point (Task, see
section 3.6). It is recommended not to change the file names of different versions
and use tools for version management instead of files with different file names (see
section 8.3.2).

The configurations required at runtime (see section 2.11.2) are automatically gener-
ated with each normal save and Project Files can be used directly after saving if no
error message was displayed.8

Save Projects: Saving projects is possible using either Save from the Filemenu (or
the icon in the toolbar).

 

 

It is possible to configure theCBA ItemBuilder so that a current project is automat-
ically saved when a Preview is requested (see settings for the CBAPreview in section
1.4.2).9

If a project containing unsaved changes is to be closed, the dialog shown in Figure
3.12 is displayed.

InconsistentProjectStates: SavingCBA ItemBuilder projects showsawarning if the
runtime code (i.e., the definitionof the itemused for deployments) is invalid.Hence,
a Preview (see section 1.4 might be required, as shown in Figure 3.13.

7Prior to 9.4: Do not rename your project by just changing the name of the ZIP file on your computer
without opening it in the CBA ItemBuilder. If you rename a project file in the file explorer or finder, the
project will be destroyed and cannot be used any longer with the CBA ItemBuilder.

8Prior to 9.0: Previous versions of the CBA ItemBuilder have provided an additional functionGenerate
& Save. This is no longer necessary in the newer CBA ItemBuilder versions.
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FIGURE 3.12:Dialog asking to save the changes in the current project.

 

 

FIGURE 3.13: Dialog asking for a preview of the current project before saving the
project file is possible.

The runtime code is created, whenever a project is previewed. However, there are
selected configuration conflicts (i.e., inconsistencies) that make the creation of this
runtime code and the preview impossible and therefore also prevent the saving of
the items. In these cases the CBA ItemBuilder gives an error message and points
to the place in the item definition which prevents saving (see Figure 3.14 for an ex-
ample). This issue will occur as rare as possible in practice, if changes are regularly
previewed and saved and if configuration inconsistencies (e.g. incorrect or empty
UserDefinedID’s in the scoring definition) are corrected as soon as possible.

 

 

FIGURE3.14:Request to preview the current project before saving the project is pos-
sible.

As shown in Figure 3.14, the CBA ItemBuilder provides a detailed description where
the inconsistency is located (i.e., in this example, previewing and saving the project
would be possible after changing the hit0 in task0, see chapter 5 for details about
scoring). Inconsistencies can also at other locations (task definition, conditional
links, value maps, finite-state machines), but the CBA ItemBuilder will always pro-
vide a useful hint (i.e., a path) where to spot the issue.
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Only consistent projects can be saved. It is therefore recommended topreview and
save projects regularly and thus check their consistency.

MigrationanduseofMultipleVersions (Details):TheCBAItemBuilder is updatedat
regular intervals.Thesoftwaredevelopment tries to ensure that projectfiles of previ-
ous CBA ItemBuilder versions can be used in newer software versions. For this pur-
pose, files from older versions can be opened in the more recent CBA ItemBuilder.
The internal data structures will be automatically transferred to the new data for-
mats if necessary and possible (calledMigration). Updating old items might require
migrating in several steps.

 

 

When using different CBA ItemBuilder versions, it is essential to know that more
recent CBA ItemBuilder versions are expected to read projects created with previ-
ous versions (andmigrations should be possible), but older program versions can-
not read files created with newer CBA ItemBuilder versions.

3.2.2 CBAPresentation Size

CBA ItemBuilder projects are designed for a particular size (CBA Presentation Size),
defined in pixel height and width. This CBA Presentation Size is expected to fit the
expected average screen size (in pixels) to avoid raster images with too low or too
high resolution.

 

 

If there is no particular other cause, an CBA Presentation Size of 1024 (Width) x 768
(Height),which researchersdreamedof years ago (BartramandHambleton, 2006),
has proven to be still a good minimum size. This CBA Presentation Size is set as de-
fault in the CBA ItemBuilder.

ItemDesign: The CBAPresentation Size is used to define the actual size of the assess-
ment component or at least the proportional size (i.e., the aspect ratio of width and
height) used to position content in the form of components. Depending on the con-
figuration of the deployment software, if the CBA Presentation Size is proportionally
scaled and the CBA Presentation Size is the size of the content at 100% zoom-level.

The CBA Presentation Size for new items can be configured in the dialog Preferences,
which can be found in the menu Utilities of the CBA ItemBuilder located in the
menu entry Open preferences (see Figure 3.15). To define the item size that is used
for newly created items, select the element CBA CBA Presentation Size on the left and
adjust height and width of the item in pixels.10

10The order of height (first) and width (second) attribute in the dialog Preferencesmight be unfamiliar.
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FIGURE 3.15:CBA ItemBuilder Preferences to define the CBAPresentation Size for new
projects.

For existing CBA ItemBuilder projects, the CBA Presentation Size (see section 3.6.2)
is part of the Global Properties (see section 6.3 for details).11 Hence, if the preview of
your item is not correctly showing the itemwith the correct size, theCBAPresentation
Size for the project can be changed in the Global Properties. After opening an existing
project, the entry Global Properties can be selected in the contextmenu of the Project
Name in the Project View using the right mouse button as shown in the following
Figure 3.16 and the CBA Presentation Size must be adjusted in the dialog that then
opens:

 

 

FIGURE3.16:CBA ItemBuilderGlobal Properties to define theCBAPresentationSize for
existing projects.

Item Deployment: For the use of CBA ItemBuilder generated items, the Presenta-
tion Size defines the display size and aspect ratio for which the items are designed.
Within the space available for the delivery in a web browser or browser component,
the deployment software is expected to provide options to customize the behavior:
Alignment of the content in horizontal (left, center, right) and vertical (top, middle,

11The ini- file (see appendix B.4) can be used to configure the default CBA Presentation Size of the CBA
ItemBuilder.
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bottom) direction as well as optional Proportional Scaling of the content (un-scaled, up-
and-down, down).12

Tip: When starting a new project, the following questions can help to find the best
CBA Presentation Size:

• Should the items be optimized for a 4:3 display (e.g., 1024x768 pixels) or for a 16:9
display (e.g., 1366x768 pixels)?

• Should the items be displayed in portrait format (width > height) or landscape for-
mat (height > width) with as few white borders as possible?

• Are low-resolution screens (e.g., notebooks with 1024x600 pixels), medium-
resolution (e.g., computers with FullHD monitors), or high-resolution screens
(e.g., modern tablets or computers with 4K resolution) expected?

• Should the items be delivered in full-screen mode, or is additional space on the
screen necessary for either navigation or the browser window?

• Is extra space covered by an on-screen keyboard, or do the items either not require
a keyboard, or can a hardware keyboard be assumed?

Scaling Options: Proportional scaling should ensure that the items can still be dis-
played even if answers to this question change or if the test is performed on het-
erogeneous hardware. However, the display and usability may then be less than
ideal. Deployment software should provide the following options, that also can be
requested by item authors for task Preview (see also section 1.4.2):

• None: Content is presented at 100%, and either a scrollbar appears (if the CBA Pre-
sentation Size of a task is larger than the effectively available size on screen) or space
on screen remains empty.Theposition of the unused spacewill depend on the con-
figuration forHorizontal and Vertical alignment.

• Up: If theCBAPresentationSize is smaller than the effectively available size on screen,
the space will be filled, but content will not be scaled down.

• Down: If the CBA Presentation Size is larger than the effectively available size on
screen, items will be scaled to fit the screen, but content will not be scaled up.

• Both: If the CBA Presentation Size is smaller than the effectively available size on
screen, the space will be filled and if the CBA Presentation Size is larger than the ef-
fectively available size on screen, items will be scaled to fit the screen.

12According to this procedure, multiple item variants should normally only be created if, for exam-
ple, item contents are to be distributed differently on pages in portrait format (vs. landscape format, see
section 2.4).
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3.3 Quick Start: Create Single Page Items

 

 

While the several chapters in this book describe the individual functions, compo-
nents, and concepts for creating complex assessment components with the CBA Item-
Builder in detail, simple one-page items can be easily made. A simple guide to how
to do this is the subject of thisQuick Start section.

 

 

This section provides step-by-step instructions for creating single-page items.
Open the CBA ItemBuilder to implement items based on the instructions. The
steps described to create the different items are provided in Figures 3.17, … as
videos. If you do not want to complete this hands-on, continue reading in section
3.4.

First, it must be defined what is to be understood as a Single Page Item. Single Page
Items are items that fit on a computer screen, i.e., that can be displayedwithout page
switching.When possible, scrolling should be avoided. Single Page Items are typically
composed of a question stem or stimulus and one single response format. The re-
sponse formats Single-Choice, Multiple-Choice, and Text Entry are considered in this
section. Moreover, CBA ItemBuilder projects containing tasks for the general in-
structions (embedding a video), a closing page (containing an image) will be created
as Single Page Items.

Togive a realistic impressionofworkingwith theCBAItemBuilder,wewill startwith
creating a master project, which we will then adapt for the different item types.

3.3.1 CreateMaster Project

At the beginning of preparing an assessment project, you have to decide on the
screen orientation (portrait or landscape) and aspect ratio (e.g., 16:9 or 4:3) of the
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FIGURE 3.17:Video: Hands-on section 3.3.1 (html|ib).

computer-based material (see section 2.4). The size that should be supported mini-
mally without scrolling or scaling. As mentioned in the section 3.2.2, 1024x768 can
often be a reasonable choice, which is the current default of the CBA ItemBuilder.

1. Check Settings: Before preparing multiple project files, it is recommended to
check the settings of the CBA ItemBuilder. For instance, it is suggested to consider
the appropriate CBA Presentation Size right at the very beginning. For that purpose,
open themainmenu Utilities and select Open preferences.TheCBAPresentation Size
should be defined as Height: 768, and Width: 1024. Change to the section CBARulers
AndGrid and select Apply changes to all pages. Finally, go to the section CBA Item Fonts,
click Deselect All. Afterwards, select the two Font Names Arial and Courier New. Close
the Preferences dialog withOK. Confirm themessage Any open editors must be closed be-
fore these changes are appliedwithOK.

2. Create a new Project: With the main menu File using the entry New project, a
newCBA ItemBuilder Project File can be created. It is required to enter a valid project
name, for instance, SinglePageItems_MasterProject. As soon as the (empty) project is
created, the entry Save from the main menu File can be used to specify the location
where the Project File is stored. Select a folder and keep the file name SinglePageIt-
ems_MasterProject.zip.

3. Add New Page: Since creating the project, the project name SinglePageIt-
ems_MasterProject is shown in the Project View in the left part of the CBA ItemBuilder.
Right-click on this project name in the Project View and select the entry Add new page
in the context menu. In the dialog that appears keep the suggested name page1 and
confirm the dialog withOK.

4.DefineRulers&Grid:The ProjectViewnow contains the newly created page page01.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_1/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_1.zip
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Double-click this page in the Project View to open the Page Editor in the main area of
the CBA ItemBuilder window. In the Page Editor that opens, right-click in the gray
area and select Show Properties View. Select Show Ruler and Show Grid in the section
Display, change the Rulers Units to Pixels and change to 20 for theGrid Spacing in sec-
tionMeasurement. Finally, check the option Snap To Shapes.

5.DefineBorder: Click in thewhitepart of thePageEditor.This should select the Panel
that was automatically generated by the CBA ItemBuilder for that page1.The type of
the selected element is shown in the headline of the Properties view. If the Properties
view was closed, right-click anywhere in the Page Editor and select the entry Show
Properties View again in the context menu. Find the property Border Width in section
Display and enter the value 5.

6. Add HTMLTextField as Headline: Click again in the white part of the Page Editor to
select the Panel.When the Panel is selected, thePalette should showa long list of com-
ponents that could all be added to the selected Panel. If the Palette

 

 

is not
displayed, it can be shown at the right window border with the small icon

 

 

. Select
the HTMLTextField entry (

 

 

) and draw a rectangle in the Drawing Area (inside
the Panel) to add the HTMLTextField. Leave twoboxes of the grid blankon the left, right
and top anddraw the rectangle 4 grid boxes highwhile holding down themouse but-
ton.Thisway it should be 940 pixels wide and 80 pixels high, and placed at X=40 and
Y=40.

Check the following values in the Position-section of the Properties view: Height: 80,
Width: 940, X: 40, and Y: 40. If the Properties viewwas closed in a previous step, open
it using the contextmenu. If the headline of the Properties view is showing a different
component type than HTMLTextField, select the HTMLTextField in the Page Editor.

The HTMLTextField is nowaligned relative to the Panel in the top.To enter text, double-
click the HTMLTextField and enter the text Headline in theHTMLText Editor. Select the
text and change the font to Arial and the size to 30. Finally, save the changes using
the button Save and Close.

7. Add HTMLTextField for Content: Repeat step 5 and create a second HTMLTextField.
Start by selecting the Panel in order to see the entry HTMLTextField in the Palette. Po-
sition the second HTMLTextField aligned below the first and draw the HTMLTextField
with 80 pixels height and leave 20 Pixel distance. You can also change the position in
thePageEditor or enter the values in the sectionPosition of theProperties-view: Height:
80, Width: 940, X: 40, and Y: 140. Double-click the new HTMLTextField and enter the
text Content in theHTML Text Editor. Change the font to Arial of size to 20 and close
the editor with the Save and Close button.

8. Add and Configure Next-Button: Buttons can be added to components of type
Panel. Select the Panel and find and click the entry Button

 

 

in the Palette.
When the component type is selected in the Palette a new button can be added to the
page by drawing a rectangle into theDrawing Area. It should be two three boxes (i.e.,
60 pixels) height, ten boxes (i.e., 200 pixels) width and two full boxes left and below
in the lower right corner of the Panel. You can also use the Properties view and enter
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Height: 60, Width: 200, X: 780, and Y: 660 in the section Position. Find the tab Appear-
ance

 

 

and click it, and change the formatting of the button. Select Arial as
font and set the font size to 20.Moreover, set the font color towhite using the button

 

 

. Now set the background color using the button
 

 

and select Custom... in the
small color dialog. In the Choose Color change to RGB and enter Red: 50, Green: 100
and Blue: 200 and confirm with OK. Navigate back to the tab Core in the Properties
view and change the Properties Use Default Link Color to false and Use Same Color
For Visisted Reference to true.

Next, double-click the button and enter the text Next in the dialog Configure aMulti-
line Text, before closing the dialog wit OK. Finally, right-click the button in the Page
Editor an select the entry Set command in the context menu. In the dialog Set Runtime
Command click on the entry NEXT_TASK and confirm the selection withOK.

9. Define Task: Open the Task Editor using the main menu Project and the entry
Browse Task and Item Score

 

 

. In the right area of the CBA ItemBuilder main win-
dowa tab titled Taskswill appear. Click the first buttonNew below the headlineTasks.
This will move the cursor to the first row to the column titledName. Keep the default
Name task0 and the select the name of the page created in step 3 (page1) as the Start
Page.

10. Save and Preview: The project can now be saved, for instance, using the main
menu Fileand the entry Save

 

 

.ConfirmthemessageboxSaveResource that informs
that page01.cbambl_diagram has beenmodified with Yes. Finally, in the preview (main
menu Project the entry Preview Project

 

 

) the item should now look like shown in
Figure 3.18. In case of a problem, download and open the CBA ItemBuilder project
file SinglePageItems_MasterProject.zip.

Using the master item created in the ten steps, it is possible to create various single
page items. For this purpose, the components used to capture the responsemust be
added. The required steps are will be described for the different response formats
Single Choice,Multiple-Choice, and Text Response, in a subsection each.

3.3.2 Create Single-Choice Item

1. OpenMaster andSave as SinglePageItems_01SC.zip: Open themaster item created
in the previous section 3.3.1 (or download SinglePageItems_MasterProject.zip) us-
ing the icon

 

 

in theCBA ItemBuilder (or use themainmenu File and the entry Open
project). Save the Project File with the new name SinglePageItems_01SC.zip using the
main menu File and the entry Save as... (or use the icon

 

 

).

2. Rename the Project: After saving the project to a new file, the project itself needs
to be renamed as well. For that purpose, right click on the old project name Sin-
glePageItems_MasterProject in the Project View and select Rename project. Enter the
name SinglePageItems_01SC and confirm the dialog withOK.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
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FIGURE 3.18:Output of hands-on section 3.3.1 (html|ib).

 

 

FIGURE 3.19:Video: Hands-on section 3.3.2 (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_2/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_2.zip
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3. Update Headline and Text: The most visible customization necessary to turn the
masterproject intoan itemis editing the HTMLTextFields that areused for theheading
andpage content.Tomake this change,first open thepage page01 in thePageEditor by
double-clicking on page01 in the Project View (alternatively, you can also use the con-
textmenu in the Project View, which can be openedwith a right-click on the page and
which contains the entry Open page). Once the page is opened in the Page Editor (i.e.,
the tab in themiddle region of the CBA ItemBuilder titled page01.cbaml_diagram), the
text in the HTMLTextFields can be edited. Replace the text Headlinewith Single-Choice
Task and insert as Content the text Select the option that answers the following
question: (italic) and then, after two line breaks (i.e., with an empty line in between):
Which answer is correct? Close theHTMLText Editors each time with Save and Close.

4.Add RadioButtonGroup: In the next step, a so called RadioButtonGroupwill be inserted
(see section 3.9.2). A RadioButtonGroup is necessary to define the connection between
the components of the type RadioButton, inserted in the next step. To add the Ra-
dioButtonGroup, select the Panel in the Page Editor first. Afterwards, find and select
the icon RadioButtonGroup (

 

 

) in the Palette. To add a RadioButtonGroup to
the page, click in the Drawing Area within the Panel below the second HTMLTextField
and hold the left mouse button clicked while moving themouse to draw a rectangle.
Add the RadioButtonGroup to fill the remaining space with 40 pixels border around.
After releasing themouse button open the Properties view if necessary using the con-
text menu (right-click on the RadioButtonGroup and select the entry Show Properties
View). Check the following values in the Position section: Height: 360, Width: 940, X:
40, and Y: 260.

5. Add the first RadioButton: Adding RadioButtons is only possible within compo-
nents of type RadioButtonGroup (see section 2.11.4). In the Palette the icon RadioButton
(

 

 

) can therefore only be selected if a RadioButtonGroup is selected in the Page
Editor. Select the RadioButtonGroup in the Page Area and the RadioButton in the Palette
and add a first RadioButton by drawing a rectangle within the area that is covered
by the RadioButtonGroupwith 20 pixels border to the top, left and right and 60 pixels
height. Subsequently, check the position in the Properties view to Height: 60, Width:
900, X: 20, and Y: 20.

Change the values for the properties Control Item Size and Label Distance in section
Misc to 30. Change to the tab Appearance (

 

 

) and select Arial as font and 20 as
font size. It is also possible to enter Arial (including capitalization) and 20 directly in
section Appearance into the properties Font Name and Font Size, respectively. Finally,
double-click the RadioButton in the Page Editor and enter the text Option A into the
dialog Configure aMultiline Text, that must be confirmed withOK.

6. Duplicate the RadioButton: After creating the first RadioButton, copies of this com-
ponent can be created using the functionDuplicate. For that purpose, the RadioButton
that has just been createdmust be right-clicked to open the context menu that con-
tains a sub-menu Edit with the entry Duplicate.13 After duplicating the RadioButton
the first time, arrange it with 20 pixels border below the first or change the Position

13If the sub-menu Edit does not contain the entry Duplicate, the text property of the component was
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in the Properties view to Y: 100, and X: 20 and change the text property to Option B
(via double-click on the duplicated RadioButton or using the small icon

 

 

in section
Text of the Properties view). Repeat these procedure for a third RadioButton (Y: 180, X:
20, Text: Option C*) and a fourth RadioButton (Y: 260, X: 20, Text: Option D).

7. Provide UserDefinedIDs: Before the scoring can be defined, the created compo-
nents of type RadioButtonmust be uniquely named. For this purpose, each Radiobut-
tonmust be selected in the Page Editor, and an identifier must be entered in the sec-
tion Identification of the Properties view as UserDefinedId. To keep the scoring syntax
as simple as possible, we use the following schema to name the RadioButtons.First:
UserDefinedID: a, second UserDefinedID: b, third UserDefinedID: c, and fourth:
UserDefinedID: d (without white spaces).

8.AddClassesasVariables forScoring:With the help of the UserDefinedID’s, the scor-
ing cannowbe created exemplary for this item. Let’s assume thatOptionC is correct.
Then we could expect either a true/false-coding in the result data set (i.e., a variable
ScoredResponse) or a raw-response coding (i.e., a variable RawResponse). In this exam-
ple,we create both variables.Variables aredefined in theCBA ItemBuilder asClasses.
The definition of Classes can be requested in the Task Editor, which can be opened via
themenu Project and the entry Browse Task and Item Score or the icon

 

 

. To create
two new Classes, open the Task Editor select task task0. Open the dialog Task Classes
Editorwith the button Edit Classes. In that dialog create two classes using the button
Add new class and enter the class name ScoredResponse for the first class and RawRe-
sponse for the second class. Finally, confirm the Task Classes Editor with the button
OK.
9. Define Hit-Conditions: Each hit represents a condition to be distinguished as
value of a (categorical) variable.The value of the RawResponse variable should indicate
which option was selected (resulting in four potential values, defined as Hits RawA,
RawB, RawC and RawD). To define aHit, first a taskmust be selected in the TaskEditor (in
this example the task with the name Task01 as defined above). A click into the first
table in the Task Editor directly on the name Task01 selects the first task. When the
task is selected, a new hit condition can be created with the Add Hit-button. Then,
the cursor jumps to the table in the Hits section of the Task Editor. Enter as Name the
name RawA for thefirstHit, enter as Weight the value 1 and select theClass RawResponse.
Then click the Open-button or double-click the newly created Hit to open the Condi-
tions editor in the main CBA ItemBuilder window. For the first Hit just enter here
the UserDefinedID of the first RadioButton (i.e. a) and close the editor using the small
x in the tab-title (

 

 

). Confirm to save the changes. Continue for the remainingHits
using the informationpresented in Table 3.1. Copy the string provided in the column
Conditiona-Syntax exactly, including all brackets (see section 4.1.3 for more informa-
tion).

selected. In that case, just select another component in the Page Editor and then right-click on the Ra-
dioButton again.
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TABLE 3.1: Example forHit-definitions of a single-choice item

Name Weight Class Condition-Syntax

RawA 1 RawResponse a
RawB 1 RawResponse b
RawC 1 RawResponse c
RawD 1 RawResponse d
ScoreWrong 1 ScoredResponse ((a or b) or d)
ScoreCorrect 1 ScoredResponse c

To complete the scoring, twomoreHit-conditions are needed for the coding ofmiss-
ing responses: A Hit RawOR (assigned to the Class RawResponse) and a Hit ScoreOR (as-
signed to the Class ScoredResponse). The abbreviation OR is used forOmitted Response
(see section 2.5.2). Click the button Open to enter the following syntax as Condition:
(((not a and not b) and not c) and not d).

10. Save,PreviewandTestScoring:Theproject cannowbe saved (
 

 

) and previewed
(

 

 

). Probably the most error-prone part of creating this item is the scoring defini-
tion.With a key combination (default is Ctrl + S) the scoring can be checked directly
in the preview (see section 1.5). The scoring is defined correctly if exactly one hit is
active for eachClass (= Variable) at any time. If no answer is selected, theHits ScoreOR
and RawOR should be active. Once a response is selected, the Hit to the Class RawRe-
sponse should indicate which RadioButton was selected. Only if Option C is selected,
theHit ScoreCorrect assigned to the Class ScoredResponse should be active.

3.3.3 CreateMultiple-Choice Item

1. OpenMaster andSave as SinglePageItems_02MC.zip: Open themaster item created
in section 3.3.1 (or download SinglePageItems_MasterProject.zip) using the icon

 

 

in the CBA ItemBuilder (or use themainmenu File and the entry Open project). Save
the Project File with the new name SinglePageItems_02MC.zip using the main menu
File and the entry Save as... (or use the icon

 

 

).

2. Rename the Project: After saving the project to a new file, the project itself needs
to be renamed as well. For that purpose, right click on the old project name Sin-
glePageItems_MasterProject in the Project View and select Rename project. Enter the
name SinglePageItems_02MC and confirm the dialog withOK.

3. Update Headline and Text: Open the page page01 in the Page Editor by double-
clicking on page01 in the Project View and edit the HTMLTextFields. Replace the text
Headline with Multiple-Choice Task and insert as Content the text Select all alter-
natives that apply: (italic) and then, after a line break: For which of the following
entries a hypothetical rule applies?Close theHTMLTextEditors each timewith Save
and Close.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
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FIGURE 3.20:Output of hands-on section 3.3.2 (html|ib).

 

 

FIGURE 3.21:Video: Hands-on section 3.3.3 (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_01SC/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_01SC.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_3/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_3.zip
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3. Add the first Checkbox: Adding Checkboxes is possible within components of type
Panel. In thePalette the icon Checkbox (

 

 

) canbe selected if the Panel is selected
in the Page Editor. Select the Panel in the Page Area and the Checkbox in the Palette.
Add the first Checkbox by drawing a rectangle at with 40 pixels border top, left and
right andaheightof 60pixels. Subsequently, check theposition in thePropertiesview,
which should be Height: 60, Width: 940, X: 40, and Y: 260.

Change the values for the properties Control Item Size and Label Distance in section
Misc to 30. Go to the tab Appearance (

 

 

) and select Arial as font and 20 as font
size. Finally, double-click the Checkbox in the Page Editor and enter the text Entry 1*
into the dialog Configure aMultiline Text, that must be confirmed withOK.

4.Duplicate the Checkbox: After creating the first Checkbox, create copies of this com-
ponent again using the function Duplicate. For that purpose, the Checkbox that has
been created in step 3 must be right-clicked to open the context menu that contains
a sub-menu Edit with the entry Duplicate. After duplicating the Checkbox the first
time, change the Position in the Properties view to X: 40, and Y: 340 and change the
text property to Entry 2 (via double-click on the duplicated RadioButton or using the
small icon

 

 

in sectionText of theProperties view). Repeat these procedure for a third
Checkbox (X: 40, Y: 420, Text: Entry 3*) and a fourth Checkbox (X: 40, Y: 500, Text:
Entry 4).

5. Provide UserDefinedIDs: Each Checkbox must obtain a unique name as UserDe-
finedID. Since UserDefinedIDs are not allowed to start with a number, the follow-
ing schema is used to name the Checkboxes: First: UserDefinedID: e1, second UserDe-
finedID: e2, third UserDefinedID: e3, and fourth: UserDefinedID: e4 (without white
spaces). To assign the UserDefinedIDs select each Checkbox in thePageEditor, and enter
the identifier in the section Identification of the Properties view.

6.AddClassesasVariables forScoring:With the help of the UserDefinedID’s, the scor-
ing can now be created exemplary for this item. Let’s assume that Entry 1 and Entry
3 are required for a correct response. Since the item is in multiple-choice format,
we can either define a true/false-coding in the result data set for each choice, or a
combinded score variable. In this example, we create both variables. Variables are
defined in the CBA ItemBuilder asClasses.The definition ofClasses can be requested
in the Task Editor, which can be opened via the menu Project and the entry Browse

Task and Item Score or the icon
 

 

. To create two new Classes, open the Task Editor,
select Task task0 and use the button Edit Classes. In the dialog Task Classes Editor
use the button Add new class and enter the class name ScoredResponse for the first
class and RawResponse1, RawResponse2, RawResponse3, RawResponse4 for four remaining
classes. Finally, confirm the Task Classes Editor with the button OK.

7. DefineHit-Conditions: After defining the Classes the definition ofHit-conditions
is necessary. Select the Task with the name Task01 in the Task Editor. To add a Hit-
condition use the button Add Hit and type the name this Hit in the first column:
Entry1Selected. Press the Tab key and maintain the default 1as Weight in the second
columnand select the class RawResponse1 in the third column.Once theHit is created,
double-click theHit or use the button Open to enter the condition-syntax e1 into the
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Tab titled Condition - <Entry1Selected>. Close the editor and confirm to save the
changes. After creating the firstHit, continuewith the information presented in Ta-
ble 3.2.

TABLE 3.2: Example for ‘Hit’-definitions of a multiple-choice item

Name Weight Class Condition-Syntax

Entry1Selected 1 RawResponse1 e1
Entry1NotSelected 1 RawResponse1 not e1
Entry2Selected 1 RawResponse2 e2
Entry2NotSelected 1 RawResponse2 not e2
Entry3Selected 1 RawResponse3 e3
Entry3NotSelected 1 RawResponse3 not e3
Entry4Selected 1 RawResponse4 e4
Entry4NotSelected 1 RawResponse4 not e4
ScoreWrong 1 ScoredResponse (((e2 or e4) or not

e1) or not e3)
ScoreCorrect 1 ScoredResponse (((e1 and e3) and not

e2) and not e4)

8. Define Missing-Values: Typically, in RadioButtonGroups (used for the single-choice
item in section 3.3.2) no RadioButton is pre-selected. Hence, the response is missing
until one RadioButton of a RadioButtonGroup is selected. Components of type Check-
box (used for the multiple-choice items) can not distinguish whether a response was
not given or the Checkboxwas intentionally not selected. Accordingly, definingmiss-
ing values for Checkboxes is either impossible or must take additional information
into account. In this example, we only apply missing value coding to the score vari-
able. For this purpose,weuse the operator user_interactions() that counts the num-
ber of interactions in the current task. Suppose this number is smaller than the
minimal number of interactions (one for clicking the Next-button). In that case,
we consider the value of the variable ScoredResponse to be the Hit for an omitted re-
sponse. In order to implement this approach for missing-value coding, select the
Task labeled Task01 in the Task Editor, add an additional Hit using the button Add
Hit and name this Hit ScoreOR (Weight: 1; Class: ScoredResponse). Edit the Hit us-
ing the button Open (or double-click the Hit ScoreOR) and enter the following syntax:
[user_interactions()==0]. Close theCondition-editor using the small x in the tab-title
(

 

 

) and confirmto save the changes.Note that amore specificmissing-value coding
counting only answer-change events would be possible using the CBA ItemBuilder,
but is omitted here in the quick start example.

9. Re-DefineScoring for the ScoredResponse-Variable:What, if a test-taker clicks the
Next-button without selecting any Checkbox? The Hit ScoreWrong will be active, since
the defined Hit-condition (((e2 or e4) or not e1) or not e3) is fulfilled. It is not
true, that the Checkboxeswith the UserDefinedId's e1 and e2 are selected. However, at
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the same time theHit ScoreOR is active, since the number of user-interactions would
zero. To observe this prediction open the Preview (main menu Project the entry Pre-
view Project or the icon

 

 

), click into the item and hit the key combination (default
is Ctrl + S). You can verify that as long as the number of interactions is zero, both
Hits are active at the same time. Reload the page in the preview (typically by hit-
ting F5 to try again). To resolve this issue, we can make use of the fact that at least
two interactions (selecting any Entry 2 and pressing theNext-button) are necessary.
Hence, we can adjust the scoring syntax and use the scoring-syntax ((((e2 or e4)
or not e1) or not e3) and [user_interactions()>=2]) for the Hit that correspond
to a wrong response. Using this adaptation the condition is mutually exclusive with
[user_interactions()<2], the condition used for theHit that correspond to an omit-
ted response on the ScoredResponse-variable. To adjust the scoring, double-click the
Hit ScoreWrong and copy the following condition syntax in to the editor provided by
the CBA ItemBuilder: ([user_interactions()>1] and not (e1 and e3)). Finally, also
adjust theHit ScoreOR to the following syntax: [user_interactions()<2]

10. Save, Preview and Test Scoring: This concludes the multiple-choice item and the
project can now be saved (

 

 

) and previewed (
 

 

) again. Check the scoring using
the Scoring DebugWindow in the preview (see section 1.5).

 

 

FIGURE 3.22:Output of hands-on section 3.3.3 (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/UNKNOWN/QuickstartSimpleMC/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/UNKNOWN/QuickstartSimpleMC.zip
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3.3.4 Create Text-Entry Item

 

 

FIGURE 3.23:Video: Hands-on section 3.3.4 (html|ib).

1.OpenMasterandSaveasSinglePageItems_03TXT.zip:Open themaster itemcreated
in section 3.3.1 (or download SinglePageItems_MasterProject.zip) using the icon

 

 

in the CBA ItemBuilder (or use themainmenu File and the entry Open project). Save
the Project File with the new name SinglePageItems_03TXT.zip using the main menu
File and the entry Save as... (or use the icon

 

 

).

2. Rename the Project: After saving the project to a new file, the project itself needs
to be renamed as well. For that purpose, right click on the old project name Sin-
glePageItems_MasterProject in the Project View and select Rename project. Enter the
name SinglePageItems_03TXT and confirm the dialog withOK.

3. Update Headline and Text: Open the page page01 in the Page Editor by double-
clicking on page01 in the Project View and edit the HTMLTextFields. Replace the text
Headlinewith Text-Entry Task and insert as Content the text Use the keyboard to pro-
vide an answer to the following question: (italic) and then, after a line break: What
is the "Answer to the Ultimate Question of Life, the Universe, and Everything"?
Close theHTMLText Editors each time with Save and Close.

4. Add two HTMLTextFields to Provide Context for the Text-Response: Two more
components of type HTMLTextField are necessary to embed the text input into a re-
sponse phrase. Select the Panel in the Page Editor.Then select the HTMLTextField entry
(

 

 

) in the Palette and draw a rectangle in the Drawing Area (inside the Panel)
to add the HTMLTextField to the page. Use the Properties view to specify the position:
Height: 40, Width: 170, X: 40 and Y: 300. Double-click the HTMLTextField and enter the
text The answer is (font Arial and font size 20). Save and Close the HTML Text Editor.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_4/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_4.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
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Add a second HTMLTextField with text . (font Arial and font size 20) at the position:
Height: 40, Width: 40, X: 320 and Y: 300.

5. Add a SingleLineInputField: SingleLineInputField can be added to components of
type Panel. In the Palette the icon SingleLineInputField (

 

 

) is available if a
Panel is selected in the Page Editor. Select the Panel in the Page Area and the Single-
LineInputField in the Palette. Add the SingleLineInputField to the page by drawing a
rectangle in the free area between the two HTMLTextFields added in step 4. To make
sure the SingleLineInputField is precisely adjusted check the position and change
the Y coordinate in the Properties view (Height: 40, Width: 110, X: 210, and Y: 295).
Moreover, define a Border Width: 2 in the section Display. Finally, change to the tab
Appearance (

 

 

) and select Arial as font and 20 as font size.

6. Define the Input Validation Pattern: Text fields without input restrictions can be
a challenge for privacy and scoring. Therefore, and because we expect a number to
be the answer, we can use an Input Validation Pattern to configure that only digits
can be entered. For that purpose select the SingleLineInputField and enter the string
[0-9]* in the sectionMisc of the Properties view.

7. Provide UserDefinedID: The scoring definition needs an identifier for the Single-
LineInputField. Enter the property User Defined Id: txt in the Identification section
of the Properties view.

8. Add Classes as Variables for Scoring: As a result of an item with text input, two
variables can be distinguished again. A RawResponse variable should contain the en-
tered text, and a ScoredResponse variable can, if the string can be evaluated automati-
cally using, for instance, regular expressions, indicate whether the answer is correct
or incorrect. First, twoClassesmust be created to prepare the definition of the corre-
sponding scoring syntax.Thedefinition ofClasses is possible in theTaskEditor,which
can be opened via the menu Project and the entry Browse Task and Item Score or the
icon

 

 

. To create two new Classes, open the Task Editor, select the Task task0and use
the button Edit Classes. In the dialog TaskClasses Editor use the button Add new class
and enter the class name ScoredResponse for the first class and RawResponse for the
second class. Finally, confirm the Task Classes Editor with the button OK.

9. Define Hit-Conditions: Hit-conditions are required for the two Classes Score-
dResponse and RawResponse. Assume the correct response is 42. The scoring-operator
matches(txt,"42") (see section 5.3.4) can be used to compare the text entered into
the SingleLineInputFieldwith the UserDefinedId: txtwith the string for a correct re-
sponse. Select the Task with the name Task01 in the Task Editor. Add aHit-condition
using the button Add Hit and type the name for thisHit in the first column: ScoreCor-
rect. Press theTabkey and remain 1 as the Weight in the second columnand select the
class ScoredResponse in the third column.Once theHit is created, double-click theHit
or use the button Open to enter the condition-syntax matches(txt,"42") into the Tab
titled Condition - <ScoreCorrect>. Close the editor and confirm to save the changes.
After creating the firstHit, continue with the information presented in Table 3.3.
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TABLE 3.3: Example for ‘Hit’-definitions of a text-entry item

Name Weight Class Condition-Syntax

ScoreCorrect 1 ScoredResponse matches(txt,"42")
ScoreWrong 1 ScoredResponse (not matches(txt,"") and

not matches(txt,"42"))
RawResultText 1 RawResponse (not matches(txt,"")

and result_text(txt))

As shown in Table 3.3, the Hit ScoreWrong of the class ScoredResponse uses the
matches()- operator two times, combined as logical expression (see section 4.1.3).
The condition-syntax for the Hit RawResultText of the class RawResponse uses the re-
sult_text()-operator, also as part of a logical expression.The result_text()-operator
copies the text of the component (see the UserDefinedId provided as argument) to the
variables Result text).

To complete the scoringof the text-entry item, twomoreHit-conditionsareneeded for
the coding ofmissing responses: AHit RawOR (assigned to theClass RawResponse) and a
Hit ScoreOR (assigned to the Class ScoredResponse). Click the buttonOpen to enter the
following syntax as Condition: matches(txt,"") to bothHit-conditions.

10. Save, PreviewandTest Scoring:This concludes the text-entry item and the project
can nowbe saved (

 

 

) and previewed (
 

 

). Check the scoring using the ScoringDebug
Window in the preview (see section 1.5).

3.3.5 Create a Closing Page

1. OpenMaster and Save as SinglePageItems_END.zip: Open the master item created
in section 3.3.1 (or download SinglePageItems_MasterProject.zip) using the icon

 

 

in the CBA ItemBuilder (or use themainmenu File and the entry Open project). Save
the Project File with the new name SinglePageItems_04END.zip using the main menu
File and the entry Save as... (or use the icon

 

 

).

2. Rename the Project: After saving the project to a new file, the project itself needs
to be renamed as well. For that purpose, right click on the old project name Sin-
glePageItems_MasterProject in the Project View and select Rename project. Enter the
name SinglePageItems_END and confirm the dialog withOK.

3. Update Headline and Text: Open the page page01 in the Page Editor by double-
clicking on page01 in the Project View and edit the HTMLTextFields. Replace the text
Headline with Thank You and insert as Content the text You have reached the end of
this short assessment. and then, after a line break: Click "Finish" to end the test.
(italic). Close theHTMLText Editors each time with Save and Close.

4. Use the Resource Browser to Insert Image: As an example on how to use images,

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
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FIGURE 3.24:Output of hands-on section 3.3.4 (html|ib).

 

 

FIGURE 3.25:Video: Hands-on section 3.3.5 (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_03TXT/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_03TXT.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_5/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_5.zip
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an image should be displayed on the last page. For this purpose, the picturemust be
addedusing theResourceBrowser to theProject Filefirst.Open theResourceBrowser over
themainmenu Projectand theentry Browse resources (oruse the icon

 

 

). Any image
inoneof the supportedfile formats (see section 3.10.1) canbeused.14Unpack thisZIP
archive and then click the Add button in the Resource Browser of the CBA ItemBuilder
to add the file ExampleImage_min.png to the list of Available resources. Close the Resource
Browser via the small cross in the tab title (

 

 

).

5.AddaImageFieldandLinktheImage:Once resourceshavebeenadded to theProject
File, they can be used in components. Next, add an ImageField. Components of type
ImageField can be inserted into Panels. To add an ImageField, open the page page01
by double-clicking in the Project View for editing in the Page Editor and select the al-
ready existing Panel. Use the headline of the Properties view (right mouse button in
the PageEditor and then the entry Show Properties View in the contextmenu) to check
that you have selected the Panel.Then select the ImageField (

 

 

) in the Palette
and click inside the Panel in the drawing area of the Page Editor with the left mouse
button while moving the mouse so that a small rectangle is created. Click the Im-
ageField with the right mouse button and select the entry Link Image. In the dialog
Select Image that will appear, select the file name of the picture added in step 3 (e.g.,
ExampleImage_min.png). Finally, adjust the position of the ImageField by entering the
following numbers in the section Position of the Properties view: Height: 380, Width:
944, X: 40, and Y: 240.

6. Update Button-Text: Finally, change the text of the Button from Next to Finish. To
edit the text, double click the Button.

7. Save andPreview:This concludes the assessment component prepared as the last
page.Theproject cannowbesaved (

 

 

) andpreviewed (
 

 

).Verificationof a scoring-
definition is not necessary since the last page does not contain any response ele-
ments.

3.3.6 Create an Instruction Page

1.OpenMasterandSaveasSinglePageItems_INSTR.zip:Open themaster itemcreated
in section 3.3.1 (or download SinglePageItems_MasterProject.zip) using the icon

 

 

in the CBA ItemBuilder (or use themainmenu File and the entry Open project). Save
the Project Filewith the new name SinglePageItems_01INSTR.zip using themainmenu
File and the entry Save as... (or use the icon

 

 

).

2. Rename the Project: After saving the project to a new file, the project itself needs
to be renamed as well. For that purpose, right click on the old project name Sin-
glePageItems_MasterProject in the Project View and select Rename project. Enter the
name SinglePageItems_INSTR and confirm the dialog withOK.

14If you don’t have a picture at hand, a sample image can be downloaded here: SinglePageItemsRe-
sources.zip.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_MasterProject.zip
https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemsResources.zip
https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemsResources.zip
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FIGURE 3.26:Output of hands-on section 3.3.5 (html|ib).

 

 

FIGURE 3.27:Video: Hands-on section 3.3.6 (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_END/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_END.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_6/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IBHandsonVersion96_Section3_3_6.zip
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3. Update Headline and Remove HTMLTextField Content: Open the page page01 in
the Page Editor by double-clicking on page01 in the Project View and edit the HTML-
TextFields.Replace the text Headlinewith Welcome.After closing theHTMLTextEditor
with the button Save and Close select the second HTMLTextField at X: 40 and Y: 140
in the Page Editor. After selecting the HTMLTextField press the delete key or right click
and select Delete from Model (

 

 

) to delete the second HTMLTextField.

4. Use the Resource Browser to Insert Video: As an example on how to use videos, a
small video should be displayed on this first page. For this purpose, the video must
be added using the Resource Browser to the Project File first. Open the Resource Browser
over themainmenu Project and the entry Browse resources (or use the icon

 

 

). Any
video in one of the supportedfile formats (see section 3.10.1) can be used. If youdon’t
have a picture at hand, a sample image can be downloaded here: SinglePageItem-
sResources. Unpack this ZIP archive and then click the ‘Add’ button in the Resource
Browser of the CBA ItemBuidler to add the file ExampleVideo.mp4 to the list of Avail-
able resources.Thevideowas createdusingMicrosoft PowerPoint’s export feature.The
video size used for this export was 852x480 pixel. A *.mp4-file was created by Power-
Point that can be embedded and shown on a page, after it was added to the Resource
Browser. Close the Resource Browser via the small cross in the tab title (

 

 

).

5.Adda Video-ComponentandLink theVideo:The video added to theProject File, can
nowbeused in components. Toplay videos, theCBA ItemBuilder provides the Video-
component. Video-components can be added to Panels. To place the component of
type Video, open the page page01 by double-clicking in the Project View for editing
in the Page Editor and select the already existing Panel.When the Panel is selected,

components of type Video can be selected in the Palette. Select the Video (
 

 

)
in the Palette and click inside the Panel in the drawing area of the Page Editorwith the
leftmouse buttonwhilemoving themouse so that a small rectangle is created. Click
the Videowith the right mouse button and select the entry Link Video. In the dialog
LinkVideo that will appear, click the button Browse for Internal Media and select the
video’s file name added in step 3 (e.g., ExampleVideo.mp4). Adjust the Video position by
entering the following numbers in the section Position of the Properties view: Height:
480, Width: 852, X: 40, and Y: 140. Finally, find the sectionMisc in the Properties view
and configure Automatic Start: true and Hide Controls: true.

6. SaveandPreview:This concludes the assessment component prepared as the first
page.Theproject cannowbe saved (

 

 

) andpreviewed (
 

 

).Note that theCBA Item-
Builder will inform you when requesting the Preview, that an automatically started
audio or videomight not be previewed correctly until the first user-interaction took
place in thebrowser (see section 1.4.2 fordetails).Check thebox Show login dialog. In
the preview, a small dialog appears, asking for a Username. Use any Username. Because
a user-interaction took place for entering the Username, the video will automatically
start.

Summary: This hands-on section described how to create single-page items us-
ing the CBA ItemBuilder. Items made according to this template can be used for

https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemsResources
https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemsResources
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FIGURE 3.28:Output of hands-on section 3.3.6 (html|ib).

computer-based assessments. The quick-start section 7.1 picks up the created CBA
ItemBuilder Project Files again and shows how to combine the Tasks as simple of-
fline delivery.The sample items illustrate the threemost common response formats
(single-choice,multiple-choice, and short text responses). Only one itemwas placed
on each page. The welcome page was used to illustrate how images can be embed-
ded, and the instruction page gives an impression of how to include videos into as-
sessment components created with the CBA ItemBuilder. The created ItemBuilder
Project Files each contained only one Taskwith only one page of the type Simple Page.
Dynamic content thatwill be introduced in chapter 4was not required to implement
the simple single page items.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_INSTR/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_INSTR.zip
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3.4 Pages and Page Types

 

 

Assessment components created with the CBA ItemBuilder, such as items and in-
structions, are composed by Pages. Each page has a Page Type, which is definedwhen
the page is created.The type of a page determines how the pages can be used to de-
sign items.

3.4.1 Basic Page Type Simple Page

 

 

Pages in the CBA ItemBuilder have a Page Type, for instance, Simple Page, which is
set when the page is created.The Page Type of a page can be changed after the page
is created using the dialog Page Settings.

Depending on the intended task design, pages of different Page Type are required.
Section 3.4 gives an overview of the types available in the CBA ItemBuilder and ex-
plains the primary purpose for each Page Type.

NewPageDialog: Creating new pages in a project is done by clicking the icon
 

 

or
by selecting the entry Add new page in the context menu (see Figure 3.29).

 

 

FIGURE 3.29: Toolbar icon and context menu to create a new page.

Both possible methods open the New Page-dialog (see panel A in figure 3.30), where
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the name for the newpage to be createdmust be entered. Page namesmust not start
with a digit and may only contain characters and digits, without special characters
(except for _).

 

 

FIGURE 3.30: CBA ItemBuilder New Page-Dialog (left without and right with Ad-
vanced properties)

By clicking the Show Advanced button in the New Page dialog, additional properties of
new pages to be created can be set (see panel B in figure 3.30).

The page type can be selected (see section 3.4), pages can be tagged as standardPage
or xPage (see section 3.4) and it can be deselected that components of type Frame and
Panel are automatically created when the page is created (see section 3.5). If this de-
fault is kept, then it can be specified in which size Frame and Panel are created and
whether the Frame (and thus the page) is created asDialog (see section 3.15).

 

 

Most assessment components created with the CBA ItemBuilder consist of one or
more pages of the type Simple Page (see Table 3.4).

TABLE 3.4: Basic page type Simple Page of the CBA ItemBuilder and xPages

Page Type Description

Simple Page

 

 

Pages of the type simple page can be used to implement
assessment components such as items or instruction pages
with the CBA ItemBuilder. By default, simple pages are
shown in CBA ItemBuilder Tasks separately on screen, filling
the available space up to the defined CBA Presentation Size.
Simple pages can be linked to other simple pages. Simple
pages are the primary page type that can also be used for
advanced applications, such as dialogs or as page
components included in PageAreas-components.
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Page Type Description

xPage

 

 

A page that is displayed simultaneously with another pag e
in a Task is called an xPage (see section 3.6.2). xPages are
typical of type Simple Page, and xPages defined for a Task can
remain visible while navigating between different non
xPages in the main area of the task. For example, xPages can
be used to implement a common instruction or a navigation
area that is visible during the complete task. Note that all
other page types can also be marked as xPage and that xPages
can be combined with pages other than Simple Pages.

 

 

FIGURE 3.31: Item illustrating different Page Types (html|ib).

The item in Figure 3.31 usesmultiple tasks to illustrate different page types and their
use.The additional page types shown in Figure 3.31 and the components that can be
added to pages of particular type will be described in subsection 3.13.

3.4.2 Pages Flagged as xPage

xPages are required to implement so-called xPage-layouts. An xPage-layout combines
two pages simultaneously on screen (one regular page and one xPage). Pages can be
changed using Links (see section 3.11 and Conditional Links, see section 4.3, and by
assigning State to pages, see section 4.4.9). The xPage layout briefly described in Ta-
ble 3.4 (see section 3.6.2 for details) requires that pages of the appropriate size for
the particular area be linked in the page-area and the xPage-area. To ensure that
this distinction fundamental to as xPage-layouts can be automatically maintained
when creating Links using the CBA ItemBuilder’s user interface, regular pages, and
pages with the xPage tag are consequently separated. xPages are definedwhen creat-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleTasksIllustratingAllPageTypes/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExampleTasksIllustratingAllPageTypes.zip
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ing new pages (see Figure 3.32) in the Advanced-section of the New Page-Dialog of the
CBA ItemBuilder.

 

 

ThexPage flag isused tohelp creating complex items forTasksusinganxPage-layout
(see section 3.6.2).

 

 

FIGURE 3.32: Tag for creating a new page as XPage.

Pages can also be flagged as xPage (see Figure 3.33, when pages are imported from
the Template Browser (see section 6.8.7 for details).

 

 

FIGURE 3.33:Checkbox to tag a page created using Template Browser as XPage.

The distinction between regular pages and xPages simplifies and structures complex
assessment components created with the CBA ItemBuilder. For the definition of
links, pages and xPages are not accidentally mixed. Section 3.11.4 describes how this
classification is also applied to dialogs and popups.

The tagging of a page as xPage and / or standardPage can be changed again at any time
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via the Page Settings-dialog (see figure 3.34).The dialog can be called via the context
menu of a page in the Project View.

 

 

FIGURE 3.34:Dialog for changing Page Settings.

The page type Simple page is the default page type for creating assessment compo-
nents using the CBA ItemBuilder.The size of Simple page is defined by the a compo-
nent of type Frame used as root element (see section 3.5.1). Each page needs a Frame
and only one Frame can be defined each page. Pages of type Simple page can be shown
in PageAreas (see section 3.5.4) and the Frame of a Simple page can contain one ormul-
tiple PageAreas. Pages of simple type page are also the basis for creatingDialog-pages
(i.e. pop-up pages within the item, see section 3.15).

TheCBA ItemBuilder also provides additional page types.The page type is central to
the functions and features of the CBA ItemBuilder:

• Selected components can be added only to pages of a particular type. Unless oth-
erwise specified, the different components described in this chapter are intended
for pages of type simple page.The Component Register (see Appendix B.6) provides a
complete listing of which components can be added to pages of which type.

• To implement a specific task layout, pages flagged with the xPage attribute are re-
quired. To implement an xPage-Layout, a regular page and an xPagemust be com-
bined (see section 3.6.2 for details).

• The page type and the xPage attribute defines which pages can be linked to each
other using simple Links andConditional Links (see section 3.11). For example, pages
defined as xPages can only link to other xPages. Similarly, links within Web Child
Pages can only be made to otherWebChild Pages (see section 3.13.2 for details).

The task definition (see section 3.6.1) is crucial for defining the layout of an assess-
ment component created with the CBA ItemBuilder. The task definition defines if
an xPage-Layout is used (see section 3.6.2) and defines the page (and thereby the page
type) of the page used as the Start Page.
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3.5 Basic Containers (Frame, Panel and PageArea)

 

 

The graphical design of assessments in the CBA ItemBuilder is done via pages, each
of which contains first a Frame and then usually a Panel.

 

 

Since version 9.3 of theCBA ItemBuilder, Frame and Panel are automatically created
by default when a new page is created. Only if this option is disabled (see section
3.4), Frame and Panel have to be added as components manually.

This sectiondescribes how to start fromblankpages yourself (section 3.5.1), andhow
to nest multiple Panels (section 3.5.2) and how to use advanced features of Panels,
such as automatic table layout (see section 3.5.3). Finally, the section ends with a
description of PageAreas that can be used to re-use pagesmultiple times (see section
3.5.4).

3.5.1 Top-Level Component: Frame

A component of type Frame is required as highest component in the hierarchy for
pages of all types. Exactly one Framemust be defined on each page, and Frames serve
as the container for all other components.

Preparation for Empty Pages: Pages must always have a component of type Frame
at the highest hierarchical level. If the item design does not uses an xPage (see the
description of xPages, above in the section 3.4), then the size of the Frame should cor-
respond to the size defined as CBA Presentation Size (see section 3.2.2).

To define a Frame manually, the page must first be opened in the Project View by
double-clicking.Then the Page Editor opens, as shown in figure 3.35. To add a frame,
first select the component Frame in the Palette (icon

 

 

). Then use the mouse to
draw a rectangle in the empty area of the Page Editor, where you place one corner by
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FIGURE 3.35:Empty Page Editor if no Frame is defined.

clicking, and then, keeping themouse button pressed, define the size of the Frame by
moving the mouse over to the opposite corner.Then release the mouse button.

 

 

If the Palette is not visible in the current workspace of the CBA ItemBuilder, you
can show it with the small button

 

 

(see section 3.1.3 for details about hiding and
showing the Palette).

TheCBA ItemBuilder itemshown inFigure 3.36 illustrateswith a video thenecessary
steps to a) create a new page without Frame and Panel and b) addingmanually a Frame
and a Panel which fill the complete CBA Presentation Size (in this example 1024x768
pixels).

Frames are created as regular components in the Page Editor. After the component
Frame has been selected in the Palette and added to a page using the point-and-click
interface, it is recommended to configure the size and position exactly via coordi-
nates (see 3.7.1). If no additional borders are intended, the Frame should be set to the
coordinates X=0 and Y=0, with a Height and Widthmatching the CBA Presentation Size
(see section 3.6.2 for details).

 

 

Thepreparation of a Frame is necessary for each page and automatically performed,
if the Inizialization is not de-activated.

For this reason, previewing a projectwith a pages that do not yet contain a Frame lead
to the error message shown in Figure 3.37.
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FIGURE 3.36:Video illustrating manual definition of Frame and Panel (html|ib).

 

 

FIGURE 3.37:Message of a failed Preview because every Page requires a Frame.

Since componentsof the type Frame represent thehighest containers in thehierarchy,
no further components can be placed on a page outside a Frame.

 

 

The Frame of a page contains the complete page content. Accordingly, deleting the
Frame of a page will remove all defined components.

To cancel accidental deletion or replacement of components in the Page Editor, the
Undo function can be used (see section 3.7).

Size, Identifier and Appearance of Frames: Like all visible elements, components of
type Frame can be configured using the properties in the section Position of the Prop-
erties view (X, Y, Height and Width, see section 3.7.1). Frames can be uniquely named
for the connection with dynamic item contents with a User Defined Id (see section
3.7.4).

 

 

Theconfiguration of the size of a Frame requires special attention, because the Frame

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoCreateFrameAndPanel/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoCreateFrameAndPanel.zip
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defines the size of a page. Scrollbars can appear if the height or width of the Frame
of a page are larger than the height or width of the CBA Presentation Size.

Frames can be configured with a border, which is displayed with a width of Border
Width pixels in the color Border Color. By defining a border with a Border Width dif-
ferent from zero, the Frame and thus the required space for a page will be enlarged.
If a Frame is defined with a Width of 100 pixels and an border is defined with a Border
Width of 10 pixels , 120 pixels are required for the complete display of the page. The
inner size of Frames therefore always remains unchanged.

 

 

The space required for a Frame increases when a Border Width larger than zero is
defined.

The color of the border will be changed in the Properties view on the tab Appearance
via the stroke color (see section 3.1.4).Without affecting the size of a Frame, the back-
ground color of a Frame can also be changed using the fill color in tab Appearance of
the Properties view.

To change the colors (Bacground Color and Border Color) directly in the Properties
view, the color valuesmust be known in the internal representation of theCBA Item-
Builder. Since this is usually not the case, edit the colors in the tab Appearance and
not in the tab Core. However, you can copy color values that you have defined using
the color selection dialog box as numerical values in the Properties view and insert
them, for example, in the properties of other components.

Additional Properties of Frames: Frame-type components have additional properties
that are covered in detail in later sections of this book. Frames can be configured as
dialogs.Therefore the properties Dialog and Closable can be changed, located in seg-
mentMisc of theProperties view. It should be noted that the property Closeable is only
relevant if the property Dialog is not configured as UNDEFINED (default). For full details
on popus and dialogs, see section 3.15.

When a Frame is clicked, an event can be raised, which can be processed by a Finite-
State Machine in the dynamic part of the CBA ItemBuilder (see chapter 4). For this
purpose, Frames provide the property Raised Event in the segment Component Inter-
action of the Properties view, which can be configured as described in section 4.4.3. If
the Frame contains other components, these components will absorb this event.

Moreover, the property Mouse Over Text in the segment Text of the Properties view
allows for Frames to specify which text is displayed as a tool tip when the mouse is
moved over the Frame.

Frames-Select Groups: The CBA ItemBuilder currently provides two ways to group
components for single- and multiple-choice responses. As described in section
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3.9.2, single-choice answers can be created with components of type RadioButton-
Group and nested components of type RadioButtons. For more advanced use cases
(e.g.multiple-choice response formatswith adefinednumber ofmaximally selected
options), an overarching concept is implemented that defines the behavior of single-
andmultiple-choice answer formats using so-called Select Groups.

 

 

FIGURE 3.38: Dialog Configure Select Groups for single- and multiple-choice select
groups.

Select Groups are defined for Frames using the dialog shown in Figure 3.38.This dialog
is accessible from the context menu of the Component Edit (see section 3.1.2), when
the Frame is selected (see Figure 3.39).

 

 

FIGURE 3.39:Context menu in the Component Edit for the Frame Component to open
the dialog Configure Select Groups.

For a complete description of all the functions of Select Groups, see section 3.9.4.

3.5.2 Containers of Type Panel

Eachpage requires a Frame (seeprevious section 3.5.1), that can contain oneormultiple
Panels. At least one Panel is required for most pages. Exceptions are pages that are
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designed using PageAreas (see section 3.5.4). Accordingly, components of type Frame
allow adding one or more components of type Panel and PageArea.

Todefine a Panel, the pagemustfirst be opened in theProjectViewbydouble-clicking.
Then the Page Editor opens. To add a Panel, first select the component of type Frame
in the Page Editor. If the Frame is selected, the Palette allows to select the component
Panel (

 

 

). Use themouse to draw a rectangle within in the area of the selected
Frame, and then, keeping the mouse button pressed, define the size of the Panel by
moving the mouse over to the opposite corner. Then release the mouse button. The
main properties of Panels can be defined using the Properties view.

 

 

FIGURE 3.40:Example for Panels and PageAreas nested within Frames (html|ib).

Figure 3.40 shows how Frames can contain components of type Panel (pink rectan-
gle on the left and blue area on the right) and of type PareArea (green rectangle in
the middle). All components are configures with border (10 pixel for Panels and the
PageArea and20pixels for the gray Frame at the top level).Use the button Explore Mouse
Over... to see the type of each component as mouse over text. As you can see, the
PageArea contains a Frame (red) that itself contains a Panel again (gray).

Technical Use of Panels: Frames are containers that can host Panels, and Panels can
serve as containers formany other components (see Figure 3.144 in the previous sec-
tion 3.5.1).

 

 

A first Panel is required formost pages for technical reasons (to host components),
that can be also used to design the page.

Most of the possible components that can be added to Panelswill be briefly described
in this chapter, starting with components for displaying text (see section 3.8), com-
ponents for collecting responses (see section 3.9), components for multimedia con-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FrameAndPanelMouseOverExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FrameAndPanelMouseOverExample.zip
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tent (audio and video, see section 3.10), and components for linking between pages
and triggering events (see section 3.11).

 

 

Deleting components of type Frame or Panels removes all nested components.

Nesting Panels: Panels can contain Panels. This features is called nesting, since the
inner Panel is nested in the outer Panel. The use of nested Panels is useful for two
reasons: Additional Panels can be used for graphical design of pages (e.g., by adding
a background to the panel). Moreover, additional Panels can facilitate page editing
and can be used for grouping components. Components grouped together in Panels
can be moved and placed together in the Page Editor (see section 3.7.1).

 

 

If (nested) components like Frame and Panel are perfectly overlapping (i.e., X=0 and
Y=0 coordinates for the nested child component and identical Width and Height of
parent and child component), only the nested inner components can be selected in
the graphical Page Editor. To select the outer components, the Component Edit view
must be used (see section 3.7.3).

Layout Type: Components of type Panel provide two different Layout Types. By de-
fault Panels have the Layout Type=ABSOLUTE,meaning that the positio and size of com-
ponents within a Panel are defined by coordinates X, Y and by Height and Width. This
relates to the general layout approach that uses absolute coordinates (in pixels) to
define the exact position of elements.The size and position of a Panelwithin a Frame
or within another Panel with Layout Type=ABSOLUTE is defined by the coordinates X,
Y and by the Height and Width of the Panel. All size-related numbers can be defined
accurately by entering numbers in the Properties view, or by drag and drop of com-
ponents in the Page Editor. Within Panels using the Layout Type=ABSOLUTE, elements
can also bemoved with the arrow keys of the keyboard. Make sure to adjust the Snap
to Grid setting and the Grid Spacing (see section 3.1.4) to get best results. If the first
Panel within a Frame is defined with some distance to the outer Frame (i.e.,X > 0 and
Y > 0), it can be used to create margins for pages. In this case, make sure the Width
and Height of the Panel are smaller than the Width and Height of the Frame. The bor-
der of Panels can be designed to show a visible rectangle around the Panel (see Border
Width and Border Colordescribed in section 3.7.5). Panels canbeused to showa (back-
ground) image (see section 3.10).

A second Layout Type=GRID canbe configured to create table-based layoutsusingmul-
tiple nested Panels.This features is called Auto-Layout in the CBA ItemBuilder and is
only available for components of type Panel. The position of the first Panel using ei-
ther Layout Type=GRID or Layout Type=ABSOLUTE is definedwith X and Ywithin the Frame
component of a page, and the size of the first Panel is defined by the properties Width
and Height. The Layout Type=GRID can be used to change the positioning of nested
elements for Panels as described in section 3.5.3.
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3.5.3 Auto-Layout-Panels

Pages should look consistent and alike across multiple parts of an assessment. For
example, padding and margins should be similar if various pages are designed for
one or several Tasks in an assessment project. The CBA ItemBuilder supports this
requirement by providing so-called Auto-Layout Panels. The configuration of Auto-
Layout Panels starts with the selection of the entry Set Auto Layout for a selected
Panel, as shown in Figure 3.41 for example in the Component Edit.

 

 

FIGURE 3.41: Context menu entry Set Auto Layout for selected Panels to open the
dialog Auto Layout Panel Properties.

The dialog Auto Layout Panel Properties allows defining the number of rows and
columns that are used for the automatic table layout. Columns and Rows can be of
different type (absolute, percent, fill and auto) and the type defines the height and
width of rows and columns.

• Absolute: A row or column will take exactly the defined height or width in pixlel.
• Percent: The height of row or the width of columns will be forced to match the de-
fined percent.

• Fill: The row height or column width will fill the available space in the Auto-Layout
Panel.

• Auto:The height of row or the width of columnswill created tomatch the required
size of its content.

As shown in Figure 3.42, cells call also be merged and for each cell the vertical and
horizontal alignment of the content can be defined.

Panels with Auto-Layout then contain asmany child elements of type GridArea as cells
are configured over the rows and columns. Each element of type GridArea contain a
single component (e.g., an HTMLTextField or a SingleLineInputField) or a Panel that
can contain multiple components.
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FIGURE 3.42: Dialog Auto Layout Panel Properties showing an example with merged
cells.

 

 

When using the Layout Type=GRID, a table structure for components of type Panel
can be created using the Set Auto Layout context menu item. The structure is de-
fined with Rows and Columns and the size and position of the resulting table cells
of type GridArea are automatically calculated and cannot be changed in the Page
Editor.

The calculation of cell sizes for Auto Layout Panels is done at design time of the item
and is performed in the built-in Rendering-view. Based on the defined rows and
columns and the combined cells, the resulting GridArea are created that can be se-
lected in theComponentEdit. Todelete or change GridArea, thedialogAutoLayoutPanel
Propertiesmust be used. It is also accessible from the contextmenu in the Component
Edit after selecting the Panel that provides the Auto-Layout.

Panels with Auto-Layout can have cells that again contain Panels with Auto-Layout.
However, a Panel can only be defined as Layout Type=GRID (i.e, to use Auto-Layout) if
the Panel does not already contain components. Otherwise, an warning is displayed
(see Figure 3.44).

 

 

Thedefinition ofAuto Layouts onlyworks if the page can be displayed in theRenderer
view.

It is required to fix possible configuration errors in the page before calling Set Auto
Layout. Only if the page is displayedwithout error in theRenderer view, the computa-
tionofpositions for the GridArea components is possible (seenumbers inparenthesis
in the Component Edit in Figure 3.43).
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FIGURE 3.43:Dialog Component Edit of a page with Auto Layout Panel.

 

 

FIGURE 3.44:Message after the attempt to Set Auto Layout for a Panel that already
contains components.

Each GridArea (i.e. each cell in a Panel with Auto Layout) may contain only one child
component. If several components are to be inserted, a Panel is always necessary
first, which may then contain several components. If content of a GridArea is dupli-
cated (see section 3.7.2 for a description of the way to Duplicate content), the item
definition becomes invalid (see Figure 3.45). This mis-configuration can be fixed by
moving the duplicated content to a still empty GridArea in the Page Editor.

 

 

FIGURE 3.45:Message afterDuplicatewas called on the content of a GridArea.



148 3 Designing Items Using Static Content

3.5.4 Embedded Pages in PageAreas

An alternative approach to increase page similarity is to embed and re-use pages
multiple times. Pages can be embedded into pages using PageAreas as shown in Fig-
ure 3.144. In addition to Panels also PageAreas can be placed within Frames of Sim-
ple Pages. Components of type PageAreas (and similarly also components of the type
ChildArea and WebChildArea) are placeholders that define the location and size of em-
bedded page’s content in the frame-component of a page.

 

 

FIGURE 3.46: Item illustrating scrollbars of PageAreas (html|ib).

Multiple PageAreas are possible on one page, as shown in Figure 3.46.The size of the
visible area (View Port) corresponds to the size of the PageArea as defined in the Prop-
erties view with the properties Width and Height and the location of the PageArea is
defined using the properties X and Y.

Use of Embedded Pages: Inserting pages allows a variety of possibilities that can
only be listed here. The spectrum of possibilities ranges from the implementation
of scrollable regions (as shown in Figure 3.46), over the reuse of page compositions
as illustrated in Figure 3.47 to the dynamical display of additional content (see, for
instance, section 6.4.4).

DefinitionofEmbeddedPages:Usingcomponentsof type PageArea (andanalogously
also ChildArea and WebChildArea) requires two steps: In the first step the PageArea is
inserted and placed in the Page Editor. Since PageAreas can only be added to contain-
ers of type Frame, the Framemust first be selected for insertion in the Page Editor, so
that the icon for PageAreas is displayed in the Palette (

 

 

). Note that as illus-
trated in the video embedded in Figure 3.48, a Panel that already exists within the
Framemust be resized before the Frame can be selected.

After selecting the icon PageAreas in the Palette, use the mouse to draw a rectangle
in the empty area of the Page Editor. Although PageAreas can only be inserted into

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/PageAreaExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/PageAreaExample.zip
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FIGURE 3.47: Item illustrating how to use content in PageAreas multiple times
(html|ib).

 

 

FIGURE 3.48: Item illustrating how to add a PageArea if a Panel fills the Frame com-
pletely (html|ib).

components of type Frame, an additional Panel can be used to design the page as a
whole. Position and size of PageAreas can be adjusted via the Properties view.

Once a PageArea has been added to the Frame, it can be right-clicked in the Page Editor
to bring up the context menu shown in Figure 3.49.

In the contextmenuof PageAreas theentryLinkEmbeddedPage canbeused toopen the
dialog shown in Figure 3.50. The dialog lists all pages that have been defined in the
current Project File and which can be embedded in the current context in the PageAr-
eas. To embed a page it has to be selected in the list and the dialog has to be closed
with OK.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ReUsePageAreaOnPagesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ReUsePageAreaOnPagesExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoAddPageAreaToPage/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoAddPageAreaToPage.zip
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FIGURE 3.49:Context menu for components of type PageArea.

 

 

FIGURE 3.50: Link Embedded Page dialog for PageAreas.

An initial assignment of an embedded page is necessary, even if the assignment is
then changedwith conditional links (see section 4.3.4) or in the finite-statemachine
(see section 4.4.6).

UserDefined IDsand PageAreas:With the help of PageAreas pages can be usedmulti-
ple times in assessment components created with the CBA ItemBuilder. It is there-
fore necessary that each PageArea has its own unique naming.

 

 

The UserDefinedId of PageAreasmust be defined (see section 3.7.4) to be able to ad-
dress page content embeddedwith PageAreasuniquely.Note that in all syntax com-
ponents of theCBA ItemBuilder (see section 4.1) all references to content of PageAr-
easmust be include the UserDefinedId of the PageArea (see section 4.1.4).

CBAPresentationSizeandPageAreas: After calling thepreview, theCBAItemBuilder
checks if the defined pages are larger than the specified CBA Presentation Size (see
section 3.6.2). If this is the case, a warningmessage is displayed, as shown in figure
3.51. When using PageAreas, scrollbars appear automatically, so the warning can be
ignored (or de-activated in the Global Properties, see section 6.3).
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FIGURE 3.51:Warning when pages are larger than the defined CBAPresentation Size.

3.6 Tasks as Entry Points

 

 

After the required pages are defined, the definition of a so-called Task is necessary.
Tasks fulfill different functions inCBA ItemBuilder projects.Most importantly, tasks
are the entry points to an item for the Preview (see section 1.4) and when the item is
used in a test assembly (see chapter 7).

 

 

During the preparation of assessment components with the CBA ItemBuilder, the
content is distributed to different Tasks. Tasks can be vieweddirectlywith the built-
in Preview (see section 1.4.2) and can be understood as the basic building blocks for
complex assessment designs (e.g., booklets, rotations etc.).

As an entry point, the Task specifies which page should be used as Start Page, and if
specified in the Layout Settings, which xPage should be used as Start xPage. By defin-
ing one of the existing pages as the Start Page, the Task also specifies the page type
of page. Beyond this function, Tasks are also used to structure scoring within CBA
ItemBuilder projects. Since existing pages and item content can be used differently
in different tasks, scoring rules are defined per task (see chapter 5 for details about
the scoring of CBA ItemBuilder tasks).
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3.6.1 TaskDefinition in the Tasks-View

 

 

To use a CBA ItemBuilder project as assessment component, at least the definition
of one Task is mandatory as entry point.

The necessary steps and an overview of the central options to configure tasks are
described in the following.Using themenu Project> Browse Tasks orwith the toolbar
icon

 

 

, the Tasks View in the right panel of the CBA ItemBuilder can be opened. If
no task is defined yet, it should look as shown in Figure 3.52.

 

 

FIGURE 3.52:Empty Tasks - view of the CBA ItemBuilder.

A new Task can be created with the New button and existing Tasks can be edited in the
Tasks editor by changing the entries in the particular row.Thebutton Delete removes
the Task in the row selected in the Tasks editor.

Task Name: After creating a new task via the New button, the default task name can
be changed in the first column (Name). Task names can only contain selected charac-
ters: Letters, digits and underscores are allowed and the task name must start with
a letter.15

MinHits: The minimum number of hits (default 1) can be entered in the second col-
umn (MinHits) and a positive number is expected.

First Page: Each task must define the first page (i.e., the page that is loaded first,

15These restrictions can also be presented as a regular expression (see section 6.1.1).
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when the task is shown). To define the first page, select an existing page from the list
of pages. A completely defined task (with the name Task01 and the start page page)
should look as shown in Figure 3.53.

 

 

FIGURE 3.53: Tasks - view showing a complete Task-definition.

The green symbol
 

 

in Figure 3.53 indicates that the task definition is correct and
that the specified page is part of the current project. A red symbol would be shown
in case of a mis-configuration.16

Ifmultiple Tasks are defined, the order of Tasks can be adjusted using the buttons
 

 

and
 

 

.

Task Initialization: Only for the implementation of itemswiht dynamic content (see
chapter 4) settings can be prepared for the logic layer of theCBA ItemBuilder using a
syntax language (see 4.1). If this is necessary, syntax for the Task Initialization can be
defined using the button Open. Afterwards an editor for the currently selected task
will open for to entry syntax for the Task Initialization. Details on this syntax and on
using the Task Initialization can be found in the 4.5 subsection in chapter 4.

Task Scoring: The three buttons Add Hit, Add Miss and Edit Classes are provided for
defining the scoring for a selected task. The defined hit andmis conditions are then
displayed in the Tasks-view. Further information about the scoring capabilities of
the CBA ItemBuilder can be found in chapter 5.

The remaining two buttons serve the following functions: With Preview the preview
can be started for the currently selected task (see 1.4 for details). The Layout button
can be used to set the layout for defined tasks (see section 3.6.2 below).

3.6.2 Layout Settings for Tasks

A layout can be defined for each defined task. If the layout setting is not changed for
a particular task, only one page is displayed at a time by default. The dialog Execu-
tion layout settings (see Figure 3.54) can be opened in the Tasks-view using the button
Layout. If multiple task are defined in an CBA ItemBuilder project, the settings are
applied for the task selected in the list of task in the left part of the dialog.

16Note that it may be necessary to close the Task View once after configuration before it is displayed
marked as valid.
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FIGURE 3.54:Dialog Execution layout settings to define xPage-layouts.

To save the changes, the Apply Settings button must be clicked before closing the
dialog.

xPage Layout: The so-called xPage Layout can be activated using the dialog Layout
setting (see Figure 3.54).

 

 

If the xPage Layout is enabled for a task, an Start xPagemust be defined in the Task
View togetherwith aStartPage. For that purpose, an existing xPagemust be selected
in the particular column of the Tasks-table.

As shown in Figure 3.54, the xPage Layout allows to specify the xPage layout for a
task using a checkbox. xPage layouts always composed by page and an xPage. The
different layout types differ regarding the arrangement of these two components.
Relative to the regular page the xPage can be left or right (Horizontal xPage Layout), top
or bottom (Vertical xPage Layout). For Horizontal xPage Layout the property xPage size
refers to the width of the xPage (full height as defined in the CBA Presentation Size),
while for theVertical xPage Layout the xPage size refers to the height of the xPage (full
width as defined in the CBA Presentation Size).

The default size of the xPage Area can be changed at runtime during test taking if
the Allow resize option is enabled. To make this possibility visible, a slider can be
defined by setting a non-zero value for the ‘Slider width’ property. Finally, for visible
sliders, the color can also be selected in the Slider color field.

Figure 3.55 shows anHorizontal xPageLayoutwith activated Allow resize-property. As
can be seen in the example, scrollbars appear when the xPage (here left) or the Simple
Page (here right) is larger than the visible area. By moving the Slider the visible size
of the two pages can be changed. As you can see in the example, the size setting is
retained when, for example, buttons are used to link to another page (see 3.11.4 for
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FIGURE 3.55: Item illustrating an xPage-layout with enabled slider (html|ib).

more details on using Links in combination with xPages). Table 3.5 summarizes all
settings implemented in the CBA ItemBuilder for xPage-layouts. Table 3.5 summa-
rizes the possible settings of the dialog Layout setting shown in Figure 3.54.

TABLE 3.5: Settings for xPage layouts

Setting Description

Enable xPage layout Checkbox to enable the xPage layout for the
selected task.

Horizontal xPage layout Arrangement of the pages in the xPage layout
(left:

 

 

, right:
 

 

)
Vertical xPage layout Arrangement of the pages in the xPage layout

(top:
 

 

, bottom:
 

 

)
xPage size Size of the xPage (width for type left and right,

height for type top and bottom).
Slider width Size of the slider, if Allow resize is selected.
Slider color Color of the slider, if the slider size is different

from zero.
Allow resize Allow to resize the xPage during runtime.

Scrollbars will appear, as soon as the available
space is smaller than the size of the Frame.

CBA Presentation Size in Detail: The CBA Presentation Size defines the space on
screen, that is used either for a single page or the combination of two pages (xPage-
Layout).The item size for new Project Files is defined in the dialog Preferences (see sec-
tion 3.2.2). Once a Project File is created, the item size is part of theGlobal Properties of

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageSliderExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageSliderExample.zip
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that project. To edit the Global Properties, right-click on the project name and select
Global Properties as shown in the Figure 3.56.

 

 

FIGURE 3.56: Entry Global Properties in the Context Menu of the project name in the
Project View.

The entry Global Properties allows to edit the Project Settings, including the item size
(Presentation height and Presentationwidth) for an existing CBA ItemBuilder Project File
(see Figure 3.57).

 

 

FIGURE 3.57: Project Settings to change the CBA Presentation Size.

The CBA Presentation Size and the size of pages defined as Width and Height property
of the top-level container used as frame (see section 3.5.1)must fit each other so that
no scrollbars appear.The critical factor here is whether an xPage Layout has been de-
fined.

• No xPageLayout:The required size of an itemresults fromthewidthof the Frame and
the Border Width of the Frame. Accordingly, theCBAPresentation Sizemustmatch the
Frame Size plus two times the Border Width to avoid scrollbars (see upper part of
Figure 3.58).

• xPage Layout: If an xPage layout is enabled, then the CBA Presentation Sizemust be
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FIGURE 3.58: Schema for components of the CBA Presentation Size.

sufficient to span the Frame of the regular page and the Frame of the xPage. In addi-
tion, two times the Border Width of the page, two times the Border Width of the xPage
and the width of the slider (if Allow resize is selected) must be taken into account
(see lower part in Figure 3.58).

 

 

The size of a page is equal to the size of the Frame plus two times the width of the
border (Border Width property of the Frame).

If a non-zero width of the slider (Slider width, see Figure 3.54) is set in an xPage
layout, then the available size for the regular page is reduced.

3.6.3 NavigationWitin and Between Tasks

The CBA ItemBuilder provides with the concept of Tasks a way to structure assess-
ment components into parts. Tasks allow the organization of assessments through
the use of one or more CBA ItemBuilder Project Files.

Tasks as Entities: Tasks represent the smallest entity that must remain together in
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test deployments. In this sense, Tasks provide the Entry Points into assessment com-
ponents created with the CBA ItemBuilder, consisting of one or more pages. A Task
can contain a non-interactive page that provides information or instruction only, a
page with a single item, a page filled with multiple items, or even a complete unit
or an entire test. Each Task is part of a CBA ItemBuilder Project File, and Project Files
must contain at least one Task, but can also provide many Tasks.

 

 

The navigation within Tasks can be freely designed by the item author. Navigation
between Tasks is done by the execution environment.

The assembly of assessment components into tests is handled by the software used
for test delivery (see Chapter 7).

Multiple Tasks in the Preview : If several Tasks are defined within a Project File, then
a linear sequence of Tasks can be viewed in the Preview of the CBA ItemBuilder. The
navigation fromone Task to the next or previous Task is triggeredwith so-calledRun-
timeCommands (see section 3.12). Figure 3.59 illustrates the navigation in a linear se-
quence of Tasks using different layouts.

 

 

FIGURE 3.59:Example for navigation with Runtime Commands (html|ib).

The order in which Tasks of a Project File are displayed in the Preview corresponds to
the order in the Task Editor.

Test Deployment Software: A list of CBA ItemBuilder Project Files with the Tasks as
entry point then forms the Item Pool, which can be used for different test designs. If
theTasks are administered in a specific order one after the other, afixed formtest is the
result.Whenseveral different sequences are combined into rotations, the result is en
booklet design. If single ormultiple tasks are selected depending on previous answers,
forms of adaptive testing can be implemented.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageAndTasksExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageAndTasksExample.zip
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Division of Content to Tasks: Using multiple Taskswithin one Project Files allows re-
using designed pages but requires additional considerations to ensure that the Tasks
are independent. Dependencies can arise based on links (see section 3.11) and con-
ditional links (see section 4.3), runtime commands (see section 3.12), the finite-state
machine (see section 4.4), FSM variables (see section 4.2), and task initialization
(see section 4.5). The issue of splitting content between different Tasks and differ-
ent Project Files is discussed in section 8.2).

3.7 Layout Pages using Components

 

 

Pages are designed in the CBA ItemBuilder Page Editor within components of types
Frame (see section 3.5.1) and a Panel (see section 3.5.2). Page content is usually added
to Panels by selecting a particular component from the Palette and drawing a rectan-
gular in theDrawing Area of Page Editor. Before the different components for design-
ing static content are described in detail, this section first contains general notes
that are intended to make working with the CBA ItemBuilder easier.

Adding Components: Before a component can be added to a Page, the Pagemust be
opened first. To add a new element to the Drawing Area of an opened Page, first se-
lect the component into which the new element should be included. If a Page was
created with Frame and Panel (the default), select the Panel as the container. After the
container is selected, the Palette shows all components that can be added to this con-
tainer. Select the component from the Palette (the Palette will only show entries that
can be selected for the current selected element). Afterwards, drawa rectangle in the
main area (click into theDrawingAreawithin the component that should contain the
new component, hold the leftmouse button pressed,move themouse so that a small
rectangle appears and release themouse button at the opposite corner of rectangle).

Undo/Redo Actions: Changes in the Page Editor and in the Properties view can be un-
done with Ctrl+Z (or Strg+Z,

 

 

) respectively and redone with Ctrl+Y (or Strg+Y,
 

 

,
see also Figure 3.60).

If the Project File is saved, previous editing steps cannot be undone.
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FIGURE 3.60:MainMenu Edit showing Undo and Redo.

 

 

If it is configured in the settings, that a project is saved with each preview (see
section 1.4.2), no changes can be undone afterwards.

3.7.1 Positioning of Components

Within the Drawing Area of the Page Editor components can be positioned freely and
precisely defined by integer-values used as coordinates.

Visual Editing: The CBA ItemBuilder allows to move components in the Page Editor
for visual editingwith thepointingdevide (e.g.,mouse) andkeyboard.Todo this, the
components must be clicked with the left mouse button andmoved with the mouse
button pressed. Moving components is only possible if, on the one hand, the text
property of the component is not in edit mode (see Table 3.6). Components can be
moved and re-sized using the anchor-points in the Page Editor. If the Snap To Grid
feature is activated (Rulers & Grid in the Properties view described in section 3.1.4),
the components will snap to the defined grid. Press the Alt key tomove components
freely. Selected components can also be moved using the arrow keys.

TABLE 3.6: Visual feedback (mouse pointer) in the Page Editor.

Visualization Description

 

 The component selected in the Palette can be added by
left-click in the Page Editor andmoving the mouse to draw
a rectangle, before releasing the mouse.

 

 Visualization of adding a component (left mouse-button
pressed).The size of the component is defined as the gray
rectangle. Releasing the mouse to finally add the
component to the page.
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Visualization Description

 

 Visualization of the information, that the selected
component cannot be placed into the current context.
Select a different component or draw the component into
the appropriate container to continue.

 

 Component can be moved while holding the left mouse
button pressed. Use the Alt-key if Snap To Grid is
activated.

 

 Height of the component can be changed by clicking and
moving the mouse while holding the left mouse button
pressed.

 

 Width of the component can be changed by clicking and
moving the mouse while holding the left mouse button
pressed.

 

 The Width and Height of the component can be changed by
clicking andmoving the mouse while holding the left
mouse button pressed.

 

 Lasso used to select one or multiple components. Click on
an empty place in theDrawing Area of the Page Editor and
move the mouse while keeping the left mouse button
pressed to use this feature.

 

 Edit mode of the text property is activated. Select another
component in the Page Editor (or use the Esc-key) to close
this mode.

Positioning Using the Property View: Components selected in the Page Editor can
also bemoved by changing the values of the coordinates X and Y as well as the values
for Width and Height in the Properties view (see Figure 3.61 for an example).

 

 

FIGURE 3.61: Section Position of the Properties view.
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The left upper corner of all containers (Frames, Panels, RadioButtonGroups, …) is de-
fined as X: 0 and Y: 0. Accordingly, increasing the X-coordinate of a component
willmove it to the right, and increasing the Y-coordinate of a componentwillmove
it down.

In the Page Editor, scrollbars are displayed when components stick out beyond their
container’s boundaries. Such a case may occur when negative X or Y coordinates are
configured or when the total size (relative to X and Y) exceeds the container’s size.

 

 

Note that scrollbars in the Page Editor appear if a nested component perfectly fits
into its container (i.e., if Width or Height of a nested component are identical to
Width or Height of the container). Use the Preview to verify that the final layout
matches the expectations.

For editing components in the Page Editor, it can be helpful to change the zoom set-
ting of the Page Editor. Suppose components are perfectly overlapping or exactly
nested. In that case, components can be selected using the Component Edit view (see
section 3.1.2). After selecting a component in theComponent Edit, it is possible to ad-
just the coordinates in the Properties view so that they can be selected and edited in
the Page Editor again.

GroupComponents using Panels: Components of type Panels can be used for differ-
ent purposes. Firstly, at least one Panel is required within the ´Frame´ from a tech-
nical perspective. Secondly, Panels can be used for layout purposes, for instance to
create spaceneeded formargins, to showaborder (see section 3.1.4) or a background
image (see section 3.10.2). However, Panels can also used to group components. X
and Y-coordinates of components nested within a Panel are defined relative to the
left upper corner of the Panel.

 

 

Togroup components that have alreadybeenplacedonapage together into a Panel,
the components can be dragged and dropped in the Page Editor into the Panel.

3.7.2 Clipboard andDuplication of Components

One of the challenges for new users of the CBA ItemBuilder is the use of the clip-
board. The Page Editor of the CBA ItemBuilder uses components of different types.
Since components of a specific type can only embed other components of particular
types, using the clipboard requires some comments.

Duplicate:Within pages, components can be selected and duplicated via the context
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menu. To select multiple components, Lasso-selection feature of the Page Editor can
be used (see Table 3.6). Similarly, components that are grouped, for instance, within
a Panel (see section 3.7.1) can be duplicated together. Figure 3.62 shows the context
menu for a selection of multiple elements.

 

 

FIGURE3.62:Contextmenu for a selection in the Page Editor showing the entry Dupli-
cate.

The function to duplicate components is equivalent to executing Ctrl+C and Ctrl+V
(or Strg+C and Strg+V) directly one after the other.Theduplicated elements are added
again in the same context and moved by 10 pixel in both X and Y. If components are
grouped in a Panel, they can be easily aligned together after duplication. Otherwise,
the duplicated components must be moved individually to the final location.

View Clipboard: Single components with or without nested components can be
copied, using the Ctrl+C, the contextmenu entry Edit > Copy or themainmenu entry
Edit > Copy.The copy operation is available, after the component was selected in the
Page Editor.

 

 

To support the use of the clipboard while maintaining the required nesting of
components, the CBA ItemBuilder provides a specific View Clipboard.

Elements the are added to the clipboard are shown in the View Clipboard (see Figure
3.63), together with the information, which components in the Page Editor can be
selected when requesting a Paste operation (Ctrl+V or Edit > Paste). Multiple com-
ponents can be used in the clipboard, and the clipboard remains active even after
closing and opening a different project file.

Note that if the components are selected in the Component Edit (see subsection 3.1.2,
it will be impossible to copy components until the components were selected (again)
in the Page Editor.

Multiple Components: Duplicating elements with the contextmenu entry shown in
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FIGURE 3.63: View Clipboard illustrating the visualization of elements in the clip-
board.

Figure 3.62 is can handle multiple components at once, but is available only within
pages. To copy multiple components across pages using the clipboard, components
need to be nested into a single Panel. Note however, that if identical content is re-
quiredon several pages, the concept of PageArea (see section 3.5.4) is oftenuseful. If a
complete page needs to be duplicated, this can also be achieved using Page Templates
(see section 6.8.7).

Delete Components: The CBA ItemBuilder does not implement the Cut operation
(i.e., Ctrl+X). To cut a selected component, copy the component first anduse the con-
textmenu entry Delete from Model to delete the component, after it was added to the
clipboard.

 

 

Remark: The clipboard of the CBA ItemBuilder will change in the next version
(10.0). CBA ItemBuilder will allow to cut and paste components (including the
nested components) maintaining the user-defined IDs.

3.7.3 Selecting Components using theComponentView

In the Page Editor of the CBA ItemBuilder pages are designedwithin a component of
type Frame. For this purpose, the components are selected in the Palette of the graph-
ical PageEditor and then addedwithinContainers.Within the PageEditor components
are visualized with rectangles at the position defined with the X and Y coordinate
and with a size that reflects the height and width of components. Position and size
are either defined in the Properties view, the result of visual editing (i.e., using drag
and drop in the Page Editor) or are computed by the CBA ItemBuilder (if the Layout
Type=GRID is used in Auto-Layout-Panels, see subsection 3.5.3).

The various possibilities can all result in components being perfectly nested,making
it impossible to select the underlying component in the Page Editor.
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Components can always be selected using the Component View (i.e., even elements
perfectly nested into their parents can be picked).

An example of the Component View is shown in Figure 3.64.

 

 

FIGURE 3.64:Component Edit view allows to select any component in the Page Editor.

To allow the selection of all components defined in a page, the CBA ItemBuilder pro-
vides theComponent View. In theComponent View (see figure 3.64) all components can
be seen in their hierarchical structure and can be selected. If a component is not
seen, then in the Component View the tree can be expanded and the components can
be shown.The selection of components in theComponent View corresponds to the se-
lection of components in the PageEditor and also allows access to theContextMenu as
well as the Properties View.

3.7.4 Naming Componentswith UserDefinedIds

Components that are used to create and design pages in the Drawing Area of the
Page Editor have an automatic generated string identifier (i.e., a generated num-
ber that uniquely identifies the particular instance of a component).This automatic
generated identifier can be overwritten so that components havemoremeaningful,
human-readable identifiers.

Importanceof UserDefinedIds: UserDefinedIds are provided and assigned by the item
author. For that purpose, each component that can be selected in the PageEditor pro-
vides the property UserDefinedId in the section Identification of the Properties view.
UserDefinedIs are used to refer to the components, for instance, for the definition
of conditional links (see section 4.3), to change properties of components using the
Finite-State Machine (see section 4.4), and to specify scoring-rules a Task (see chap-
ter 5). UserDefinedIds also plays a central role with regard to the interpretation of
log and process data, since log events as an attribute refer to the components from
which they originated via the UserDefinedId (see section 1.6).
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UserDefinedIds are human-readable identifiers for components that are used to
connect the visual part (Page Editor) with the syntax components of the CBA Item-
Builder.

The CBA ItemBuilder automatically generates IDs when saving Project Files, which
start with a $ character, followed by a unique random number. When naming the
component, i.e.when itemauthors as users def IDs (UserDefinedIds), these automat-
ically generated identifiers must be replaced.

Valid UserDefinedIds: Since the UserDefinedIds areused to create source code (see sec-
tion 2.11), the following conventions and rules must be followed:17

• Only letters, digits and underscores (_) are allowed as characters.
• Each UserDefinedId must start with a letter and it is not allowed to use a digit or
underscore as the first character.

• UserDefinedIds are case sensitive and upper and lower case letters need to be dis-
tiguished.

• No spaces and blanks are allowed in UserDefinedIds.

To edit a UserDefinedIds for a component selected in the PageEditor, change the entry
of the same name in the Properties view (see Figure 3.65).

 

 

FIGURE 3.65: Properties view section Identification to define a UserDefinedId.

 

 

UserDefinedIds are entered in the Identification section of the Properties view. The
CBA ItemBuilder checks the validity and uniqueness of entered UserDefinedIds.

17These restrictions can also be presented as a regular expression (see section 6.1.1).
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The CBA ItemBuilder automatically checks whether the entered UserDefinedId is al-
ready used for another component in the current CBA ItemBuilder project and pro-
vides an error message, if the UserDefinedId is already used or invalid, as shown in
Figure 3.66.

 

 

FIGURE 3.66:Message when a provided User Defined Id is not unique.

If a component with a UserDefinedId is deleted, this UserDefinedId can only be as-
signed again after saving the current Project Files.

Edit Multiple UserDefinedIds: Since providing UserDefinedIds of many components
via the graphical editor can be very time-consuming, the CBA ItemBuilder provides
adialog that allows the UserDefinedIdsof several components to be entered in tabular
form. For using this feature all other editors must first be closed (see Figure 3.67).

 

 

FIGURE 3.67:Dialog informing requesting to close all editors before the requested
operation can be executed.

If there are no editors open in the main area of the CBA ItemBuilder, the entry Edit
all user defined IDs can be opened via the main menu Project for an open Project
File (see Figure 3.68).

The editor shown in Figure 3.69 lists all elements together with the assigned UserDe-
finedIds. Rows with generated Defined IDs are shown in gray. Using this dialog
UserDefinedIds can be edited for a particular component shown as row in the table
using the button Edit (or double-click the row). To be able to assign the individual
elements without the Page Editor, the component type and selected properties are
also displayed in this dialog.

By clicking on a column in the table header, the elements can be sorted in the Edit
User Defined IDs dialog shown in Figure 3.69.

 

 

Since the UserDefinedId is used for many different functions to connect compo-
nents to syntax, it is recommended in larger CBA ItemBuilder projects to use a
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FIGURE 3.68:MainMenu Project showing the entry Edit all User Defined IDs.

 

 

FIGURE 3.69:Dialog to Edit User Defined ID of a Project File.

consistent naming scheme for all UserDefinedIds . A systematic naming schemes
for the UserDefinedIds can reduce the error-proneness of scoring definitions for
complex items (see chapter 5).

3.7.5 Design Pageswith Basic Components

The visual design of assessment components with the CBA ItemBuilder is mainly
done by using images (and images can be usedwith several components (see section
3.10.2).
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Transparent Background: Transparent backgrounds of components can be defined
with the property Transparent=true. In this case, the components do not hide com-
ponents behind, which can, for instance, be designed using a component of type
Panelwith a linked (background) image.

 

 

Components (including components for displaying images, see section 6.2.1) and
components for embedding external HTML content (ExternalPageFrames, see sec-
tion 3.14.1) can be configured tob e transparent, allowing to apply designs based on
images behind components.

Components can be defined as Transparent=true in the section Display of the Proper-
ties view. As described in the 6.2.1 section, the CBA ItemBuilder also supports trans-
parency within images.

Borders andBackground inComponents: Components to collect responses, for in-
stance, components for entering text responses (see section 3.9.1) should be easily
to recognize by test-takers. Accordingly, they should be formatted andmarked con-
sistently. Background color or a border can be used to emphasize components, such
as SingleLineInputFields and InputFields.The Border Width propertymust be set to a
positive, non-zero width to define a visual border.

The frame color can be configured in the Appearance area of the Properties view using
a color selection dialog (see section 3.1.4).

Rectangles and Lines: Beyond images, the CBA ItemBuilder provides Rectangles,
Horizontal Lines and Vertical Lines as components to design items graphically.
These components are also inserted with X, Y, Width and Height in the Page Editor.
However, for components of type Line, the Width and Height is only relevant within
the Page Editor. The Line Width property is used as a positive number to define the
visual width of the line during runtime. Similarly, for components of type Rectanle
also the Line Width property is used.

When components of type Rectangle are inserted late (i.e., when the item content is
already added to the page) to create visual boundaries by frames, the rectangles are
placed at the top of the editing order. In the Page Editor, it is then no longer possible
to select underlying elements directly, but theymust be selected with the help of the
Component Edit (see section 3.1.2). Alternatively, the order in the Page Editor can also
be adjusted using the context menu as shown in Figure 3.71. If the order has been
changed (i.e., if a component of type Rectangle has beenmoved to the background in
the editing order with Format > Order > Send to Back), then underlying components
can be selected in the Page Editor.

It should be noted that the editing order does not influence the display order and
the behavior of overlapping components at runtime (i.e., in the preview or the deliv-
ery of assessment composites created with the CBA ItemBuilder, see section 2.11.4).
Moreover, components of type Rectangular can block the interactionwith underlying
components and prevent processing of assigned events (see section 6.8.5).
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FIGURE 3.70: Item illustrating components of type Line and Rectangle (html|ib).

 

 

FIGURE 3.71:Context menu for design-time Z-order in the Page Editor.

3.7.6 Defining the Cursor of Components

When components are displayed at runtime, the cursor (i.e., themouse pointer) of-
ten hints at what can be donewith that component. For example, a text input cursor
(/text/) appears for elements into which text can be entered. Each component has a
default cursor. As shown in Figure 3.72, the default cursor can be overridden in the
CBA ItemBuilder.

To change the cursor for a component selected in thePageEditor, the entry Set Cursor
can be selected in the context menu (see Figure 3.73).

In the dialog Set Cursor (see Figure 3.74) you can either select an element from the
list of cursors, use an image imported into the ItemBuilder project via the Resource

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LineAndRectangleExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LineAndRectangleExample.zip
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FIGURE 3.72: Item illustrating the use of custom Cursors (html|ib).

 

 

FIGURE 3.73:Context menu for defining the Cursor in the Page Editor.

Browser (see section 3.10.1) or use the default cursor. If no cursor is to be displayed,
then the entry /none/ can be selected as Cursor Type.

 

 

FIGURE 3.74:Dialog Set Cursor.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CustomCursorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CustomCursorExample.zip
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3.7.7 Defining the Tab-Order of Components

The Tab Indexproperty in theProperties-view canbeused to specify the order inwhich
the input focus switches between components. Switching from one component to
the next is possible with the Tab, if a positive integer number is defined for the Tab
Index property.

The key combination Shift+Tab can be used to switch the focus back to the previous
component (see Figure 3.75).The default value for the ‘Tab Index’ property is -1, and
components with a Tab Index of -1 are not included in the tab sequence.

 

 

FIGURE 3.75: Item illustrating the use of Tab Index (html|ib).

3.8 Components to Display Text

 

 

This section describes individual components for displaying text on pages designed

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TabIndexExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TabIndexExample.zip
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with the CBA ItemBuilder. The components shown in Figure 3.76 can be added to
containers of type Panel (on Simple Pages and Webchild Pages)18.

 

 

FIGURE 3.76:Overview of components to display text.

For adding static text to pages, the CBA ItemBuilder offers various components that
differ in terms of design options and technical implementation. For all components
for displaying text, you can restrict the list of available fonts, which is created in the
CBA ItemBuilder based on the fonts installed on the system, to the fonts you require
(see 6.8.2).

3.8.1 Text of Same Size: SimpleTextField

Text which should be displayed in a uniform font (i.e. the same font, font size and
font color) can be added to a page using the SimpleTextField component. The con-
figuration of the text is done by double-clicking on a SimpleTextField (or via the Edit
Text entry in the context menu or the property Text in the Properties view).

The text defined for a component of type SimpleTextField can be single line ormulti-
line and the text is rendered with a vertical scroll bar if the text given the defined
font size is larger than the defined size of the component. Not only the text can be
modifiedusing theproperty Text, also the font, the font size and the font color canbe
edited in theAppearance section of theProperties view (see Figure 3.77, and subsection
3.1.4).

Components of type SimpleTextField support the following values for the property
Alignment in the section Appearance of the Properties view to configure the text align-
ment: LEFT, RIGHT, and CENTER. The item in Figure 3.78 illustrates the different com-
ponents to display text.

Clicks on SimpleTextFields during assessments are logged as Trace events of type Sim-
pleTextField.

18Pages of type WebBrowser Page allow to add HTMLTextField and TextField in containers of type Web-
BrowserToolbar.
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FIGURE3.77:SectionAppearance in the Properties view to define Fonts andMainColors.

 

 

FIGURE 3.78:Example illustrating components to display text (html|ib).

SimpleTextFields as Input Source: Components of type SimpleTextField can also be
connected to a source (using the context menu entry Configure Input Source or the
property Input Source in section Component Interaction of the Properties view), for ex-
ample, to display the current page in a simulated web browser or the result of a cal-
culation with the built-in calculator engine. To configure the Input Source of a Sim-
pleTextField provide the context menu entry Configure Input Source to open the Input
Source Configuration Editor (see Figure 3.79).

 

 

FIGURE 3.79: Input Source Configuration Editor to define the Input Source of Simple-
TextFields‘.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TextFieldOptionsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TextFieldOptionsExample.zip
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The different options to specify the Input Source of a SimpleTextField are illustrated in
the item shown in Figure 3.80.

 

 

FIGURE 3.80: Item illustrating options to define Input Source for SimpleTextFields
(html|ib).

The default is No Input Source, meaning that the SimpleTextField shows the text con-
figured in the property Text. With the option Input Field components of type Simple-
TextField can mirror the input provided into a InputField. To link both components
internally, first select the option Input Field for the SimpleTextField using the dialog
Input Source Configuration (see Figure 3.79). The configuration is completed after se-
lecting the context menu entry Set Source Input at first for the SimpleTextField that
should take the text entry (see left part in Figure 3.81) and then the context menu
entry Set Target Input (see right part in Figure 3.81).

 

 

FIGURE 3.81:Context menu entries to link components with the option Input Field.

The option Child Frame configures SimpleTextFieldss shows either the URL Text, the
Page Description or the Tab Text of a web child page (see section 3.13.2). Finally, the
options Calculation Engine Result and Calculation Engine Stack can be used to link the
two outputs of the calculation engine to a SimpleTextField (see section 6.5.1).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputSourceExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputSourceExamples.zip
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3.8.2 Formated Text: HTMLTextField

Two additional components are provided to display text that can have different text
formatting and multiple paragraphs. The HTMLTextField, which is described in this
section, and the TextField, which is discussed in the next section.

 

 

FIGURE 3.82:HTMLText Editor for the content of HTMLTextField components.

HTML Text Editor: Various options for formatting text are provided by the HTML-
TextField by theHTMLText Editor.

•
 

 

Font family (see section 6.8.2 formore information about the available
font families) and font size (defined inImages andMultimedia Components pixels)
can be specified for the current selection of text in theHTMLText Editor.

•
 

 

Font color (see section 6.8.3 for more information about the defini-
tion of colors) and font decoration bold, italic and underline can be assigned to the
current selection of text in theHTMLText Editor.

•
 

 

Text alignment (can be defined for each paragraph using the icons for
left, center, right and justify19) is supported.

•
 

 

Rotation (defined in degrees from0 to 360) can be used to rotate the
entire content specified in an HTMLTextField.

•
 

 

Superscript (𝑎𝑠𝑢𝑝𝑒𝑟) and subscript (𝑎𝑠𝑢𝑏) can be formatted for selected texts.

•
 

 

Enumerations (numbered) and listings (bullet points) are supported.

•
 

 

Paragraph indentation can be controlled with in HTMLTextFields.

 

 

The visual representation of HTMLTextFields in the Page Editor of the CBA Item-
Builder is only provided to give item authors a rough orientation. This text is
updated only when the HTML Text Editor is closed and is not re-created when the
size of an HTMLTextField is changed.The Preview or the Renderer view allow to check
the exact display of text in the final item.

19It can be problematic to have twoblanks betweenwordswhen aligned justified. Justify is represented
in the editor as left aligned, it will only have an effect at runtime and in the Rendering view.
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Save or Discard: Changes in theHTML Text Editor require to save the new text using
the Save and Close button (see Figure 3.82). Closing the editor via the small cross (

 

 

)
in the title bar discards the changes.

Clipboard: To simplify the editing of longer texts in HTMLTextFields, the CBA Item-
Builder provides functions to copy, cut and paste text. These functions work in ad-
dition to the usual keyboard shortcuts:

 

 

Links: Beyond the formatting of text, individual sections of text in HTMLTextFields
can be defined as embedded links, which can then refer to other pages within the
CBA ItemBuilder project (see 3.11 for a description of the concept of linking between
pages in the CBA ItemBuilder:

 

 

The color used for links and visited links can
be configured in the Project Settings (see section 6.3). As shown in the dialog in Figure
3.83, conditions for links can also be defined (see section 4.3 for details onConditional
Links).

 

 

FIGURE 3.83:Dialog to Configure Embedded Link in HTMLTextFields.

3.8.3 Formated Text andHighlighting (TextField)

A second component for displayingdifferently formatted text is the TextField, which
among other things supports highlighting.

Highlighting of Text:The CBA ItemBuilder supports the selection of characters and
wordes as response format, labeled asHighlighting. Text highlighting is defined for
components of type TextFields using the option Highlightable.

The following item in Figure 3.84 illustrates the text highlighting feature of the CBA
ItemBuilder inspired by a PIAAC example (see OECD, 2013).

Note that the buttons Green and Red illustrate the used of multiple colors for text
highlighting (see subsection 4.4.6 for details, the default color can be configured
as Global Property, see section 6.3). More details on the use of text highlighting as re-
sponse format (and, in particular, scoring of text highlighting) can be found in section
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FIGURE 3.84:Example illustrating the use of text highlighting (html|ib).

5.3.8. Using components of type ImageAreas within so-called ImageMaps (see section
3.9.10) also allows the selection of predefined parts within images.

Mathematical Formulas:The TextField component allows to add formulas using the
MathJax-syntax, as shown Figure 3.85.

To display a formula using MathJax in components of type TextField, the formulas
must be entered between the two character keys {tex} and {/tex} in LaTeX format.
The following fraction 1

1
2
is created by the syntax:

{tex}\sqrt{\frac{1}{\frac{1}{2}}}{/tex}

3.8.4 Comparison of Components for Displaying Text

This section has described various components that can be used to represent text
in assessment components and items. This surely leads to the question of which

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HighlightingExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HighlightingExample.zip
https://www.mathjax.org
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FIGURE 3.85:Example illustrating the use of text MathJax (html|ib).

component should be used in which specific context. The answer to when to use
aSimpleTextField, an HTMLTextField or a TextField depends on the required features.
Table 3.7 summarizes the features of the different components to guide the selec-
tion.

TABLE 3.7: Comparison of components to display text

Feature HTMLTextField TextField SimpleTextField

Allows text highlighting no yes no
Shows scrollbars automatically no no yes
Allows justified text yes yes no
Can be selectable yes no no
Allows links yes yes no
Allows images no yes no
Allows formulas no yes no
Can be rotated yes no no

Note that components of type TextField are also used in the Table component of the
CBA ItemBuilder (see subsection 3.9.8).

Other Components: Components of type Link can also display text (see section
3.11.1). Moreover, components of type SingleLineInputField described in the next
section for capturing text responses can be used to display text using the property
ReadOnly: true. Values of Variables (including STRING variables) can be shown using
components of type VariableValueDisplay (see section 4.2.3), and values of Variables
that are translated to text using a Value Maps can also be used to show texts using
components of type MapBasedVariableDisplays (see section 4.2.5).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MathJaxExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MathJaxExample.zip
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3.9 Components to Collect Responses

 

 

The CBA ItemBuilder provides a variety of components that can be used to capture
answers to questions and items. This section presents the various simple compo-
nents that can be used for directly for designing static content (see Figure 3.86 for
an overview).

Basic Components: First, two components for capturing text responses are described
(see section 3.9.1). After that, components that can be used to capture click responses
are described. Creating multiple-choice or single-choice response formats is possible,
for instance, with components of type RadioButton with (and without) RadioButton-
Grups (see section 3.9.2).Multiple-Choice items can also be created, for instance, us-
ing ‘Checkboxes’ (see section 3.9.3). Single and multiple selection of presented re-
sponse alternatives is also possible with the Combobox (single-choice) and List com-
ponents (single- andmultiple-choice, see section 3.9.5). Finally, selectionwithin im-
ages canbe implementedwith components of type ImageMap to collect responses (sec-
tion 3.9.10).

Advanced Components: Beyond text and click responses shown in Figure 3.86, the
CBAItemBuilderprovides components that canbeused to create advanced response
formats (see, for instance, section 3.13 for components of type Table, Menu and Tree,
that can be combined with simple click response-formats). Moreover, selectable
components (see section 3.9.6) can be used to collect click responses. Finally, the
combination of multiple pages connected via links and conditional links, FSMVari-
ables, and Finite-State Machines with simple and advanced response-formats allows
creating complex items that create traces of task processing that can be used for ad-
vanced scoring schemes.

3.9.1 Components for Text Responses

Components for capturing text responses are simply input fields in which text can
be entered when they are focused. To focus an input field the test taker must click
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FIGURE 3.86:Overview of components to collect responses.

in the input field, or the focus is set automatically with the focus()-operator (see
section 4.4.6).

As shown inFigure 3.86, theCBA ItemBuilder distinguishesmainly two components
for capturing text responses.

 

 

FIGURE 3.87:Example illustrating components to collect text responses (html|ib).

SingleLineText Input (SingleLineInputField):The component for single-line text in-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputFieldAndSingleLineInputFieldExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputFieldAndSingleLineInputFieldExample.zip
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put is called SingleLineInputField. Line breaks (with the Enter or Return key) are not
accepted by SingleLineInputField (i.e., only one single line can be used).

MultilineText Input (InputField): Formultiline text input, theCBA ItemBuilder pro-
vides the InputField component. Line breaks (with the Enter or Return key) are pos-
sible and scrollbars appear, if the text height becomes larger than the height of the
InputField component.

Properties of SingleLineInputField and InputField: Both components can be config-
ured and used in identical ways (see Figure 3.87). SingleLineInputField and Input-
Field can be used within Panels on Simple Pages and WebChild Pages. SingleLineIn-
putField can also be used within WebBrowserToolbars on WebBrowser Pages.

 

 

Aborder or background colormust be configured to recognize components of type
SingeLineInputField and InputField as elements of an item or page that allows text
input (see last row in Figure 3.87).

Font size and font family canbe configured in the tab Appearance in theProperties view
(see Figrue 3.5 in section 3.1.4). Components of type InputField and SingleLineInput-
Field support the following values for the property Alignment in the section Appear-
ance of the Properties view to configure the text alignment: LEFT, RIGHT, and CEN-
TER.

Components of type SingleLineInputFields and InputFields support the Read Only
property. If the value true is specified in the Properties view in sectionMisc, the text
cannot be changed. The components then behave like SimpleTextFields (see section
3.8.1) with the difference, that the text can be selected.

All response capture components support the Frozen property, which locks the com-
ponents for editing. Figure 3.87 shows how type SingleLineInputFields and Input-
Fields components are displayed when Is Frozen: true is configured in the Misc
section of the Properties view. The Frozen-property can also be modified using the
operators setFrozen() / unsetFrozen() in Conditional Links and transitions triggered
in the Finite-StateMachine (see section 4.4.6).

Text color for InputField can be defined in the tabAppearance of theProperties view.By
default the Link Color as defined in the in the Global Properties of a CBA ItemBuilder
project file (see section 6.3) is used for SingleLineInputFields. To use the text color
specified in the tab Appearance of the Properties view, the property Use Default Link
Color needs to be specified as false. Note that the property Use Default Link Color
might be invisible, until the filter Show Advanced Properties as shown in Figure 3.88
is clicked.

The length of the text that can be entered, as well as the characters that can be
used, can be configured using regular expressions in the Misc section of the Prop-
erties view via the Input Validation Pattern property (see section 6.1.3 for examples).
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FIGURE 3.88: Filter Show Advanced Properties of the Properties view.

The two components for collecting text responses can raise FSM events (see section
4.4.3) when the text field receives input focus (Raised In Event) andwhen input focus
is removed from the text field (Raised Out Event). If inputs are not accepted due to
a regular expression, the Input Validation Event is triggered. The FSM events can be
linked to the components using the contextmenu entries Link Raised In Event, Link
Raised Out Event, and Link Input Validation Event.

 

 

TheCBA ItemBuilder can be use to score text-entry tasks using regular expressions
(see section 6.1.2), resulting in a score variable that can indicate if an expected
answer was provided. The raw response to one or multiple SingleLineInputFields
or InputFields can be copied to an additional variable using the result_text()-
operator (see section 5.3.10 for details).

Components of type SingleLineInputFields and InputFields create Trace events of type
SingleLineInputField and InputFields (when the input field is focused) and Single-
LineInputFieldModified and InputFieldModified (when the text is changed), that are
stored in the log data.20

3.9.2 Single-Choice Responses: RadioButtonGroup and RadioButtons

Even for simple item formats like single-choice andmultiple-choice the itemdesign
(e.g., the affordance rendered by different item designs) can impact psychometric
properties.Thiswas, for instance, investigated byMoon et al. (2019, see Figure 3.89).

The creation of single-choice tasks is often done in computer-based assessment with
components of the type RadioButton, whilemultiple-choice is usually implemented us-
ing Checkboxes (see subsection 3.9.3).

20Note that the current version of the CBA ItemBuilder is not logging ever keystroke with time stamp
and cursor position. If this information is required for your analyses plans, you have to implement text
entry with advanced logging using JavaScript and ExternalPageFrames.



184 3 Designing Items Using Static Content

 

 

FIGURE 3.89: Figure 1 from Moon et al. (2019) illustrating different item formats
(html|ib).

 

 

Usually, the representation of components to provide click-responses are either
round (called RadioButtons for single-choice) or rectangular (called Checkbox for
multiple-choice). The CBA ItemBuilder follows this distinction, but also provides
Frame Select Groups to define the behavior in more detail (see section 3.9.4).

As seen in Figure 3.86, RadioButtons in the CBA ItemBuilder are often not placed di-
rectly on pages within Panels. Instead, to insert RadioButtons in the Page Editor of
a page, a component of type RadioButtonGroup can be used as container to create a
group of related RadioButtons.

To add a RadioButtonGroup first be selected in the Palette (
 

 

) and
drawn in the Drawing Area (and then, if necessary, positioned and adjusted using
the coordinates X and Y as well as the properties Width and Height in the Properties
view). The item shown in Figure 3.90 illustrates the use of RadioBottons within Ra-
dioButtonGroups and the properties IsTransparent and BorderWidth.

RadioButtonGroup: RaidoButtonGroups perform two functions. RadioButtonGroups are
indispensable when used as response format n the CBA ItemBuilder to organize

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MoonEtAl2019ExampleItemsFigure1/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MoonEtAl2019ExampleItemsFigure1.zip
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FIGURE 3.90: Item illustrating RadioButtons (html|ib).

the membership of RadioButtons to groups. All RadioButtons that are nested in a Ra-
dioButtonGroup form a common group. Exactly one RadioButton per group can be se-
lected.Bydefault (i.e., before a RadioButtonof agroup is clicked), no RadioButton is se-
lected. Accordingly, amissing answers can be identified reliably. Once a RadioButton
is selected, this selection can only be changed, but not undone.The second function
of RadioButtonGroups concerns the graphical design. Using Border Width and back-
ground color for RadioButtonGroupswith the property Is Transparent:false, RadioBut-
tonGroups can be used to visualize how RadioButtons belong together. Alternatively,
additional components can be used to design pages (see section 3.7.5), for exam-
ple, to insert a background image. RadioButtonGroup can be added to Panels on Simple
Pages and WebChild Pages.

RadioButton: The actual component for the single choice response format is RadioBut-
tons. Each RadioButton represents a selectable option, which is represented with a
label text (and an optional image). After selecting a RadioButtonGroup in the Drawing
Area of the Page Editor only the icon RadioButton (

 

 

) can be selected
in the Palette. RadioButtons can only be added to RadioButtonGroups. Once the icon Ra-
dioButton is selected in thePalette, a RadioButton canbeadded to the RadioButtonGroup.
This is done by clicking inside of the RadioButtonGroup, followed by a mouse-move
with pressed left mouse button. Use the zoom feature (see section 3.1.1), if the Ra-
dioButtonGroup is small. Coordinates X and Y can be changed in section Position of the
Properties view, but coordinates are specified relate to the origin (i.e., the upper left
corner) of the RadioButtonGroup.

Properties of RadioButton: The size of RadioButton defined using Width and Height
property must include the size for the label, that will appear for right-to-left lan-
guages right to the RadioButton. The label can be defined using the Text Property of
RadioButtons, with font settings configured in the tab Appearance of the PropertyGrid.
The label can be a single word, a multiline text (using the property Text Wrap: true)

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RadioButtonExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RadioButtonExample.zip
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or a simple linked images, as shown in Figure 3.111 in section 3.10. If the property Use
status image: true in the sectionMisc of the Property Grid is configured, two images
(Activated Image and Pressed Image) can be used to distinguish two images as label
for RadioButtons.

RadioButtons can have Background Color (if Is Transparent:false) and border with
nonzero Border Width. Using the context menu entry Set Selected Background Color
(or entering a color number directly into the property Selected Background Color in
sectionMisc of the Property Grid, see section 6.8.3 for more information about CBA
ItemBuilder color codes) allows to define the background color used when a partic-
ular RadioButton is the selected (single) choice.

 

 

The Text Property provided by RadioButtons results in labels for Single-Choice re-
sponse formats that are click-sensitive. If necessary, Conditional Links or the Finite-
StateMachine can be used to make additional components (such as HTMLTextFields)
click-sensitive for RadioButtons (see section 6.4.8).

Radiobuttons can triggerEventswhen they are clicked to connect the static contentwith
the dynamic parts of CBA ItemBuilder Tasks that are based on Finite-State Machines.
For this purpose, a defined Event (see section 4.4.3) can be configured via the con-
text menu and the entry Link Raised Event or in section Component Interaction of the
Properties view (property Raised Event). For advanced uses, a second event name can
also be defined only in the Properties view for the property Raised Alternate Event.
While the Raised Event is triggered when a RadioButton is selected, the second Event
(Raised Alternate Event) is triggeredwhenanalready selected RadioButton is pressed.
From the Finite-State Machine (i.e., when a transition is triggered by a event, see sec-
tion 4.4.4) or using aConditional Link (see section 4.3.3), a RadioButton can be selected
with the setActive()-operator (see section 4.4.6 for details).

 

 

For scoring single-choice tasks, the raw response of a RadioButtonGroup corresponds
to a variable whose value represents the selected RadioButton. In addition, a Score
variable can be defined, which indicates whether the correct ‘RadioButton(s)’ has
(have) been selected (see section 5.3.2 for details).

Components of type RadioButtonGroup create Trace events of type Container (when
clicked). Selecting RadioButtons results in a log event of type RadioButtonwith an at-
tribute oldSelected that informs about the previous state of clicked RadioButton.
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3.9.3 Multiple-Choice Responses: Checkbox

In order to convert multiple-choice answer formats with the help of the CBA Item-
Builder, the Checkbox can be used as a basic component. Checkboxes can be added to
Panels, as shown in Figure 3.86. Each Checkbox can be selected and deselected.

 

 

For scoringmultiple-choice tasks, the raw response of each Checkbox creates its own
variable whose value represents the information if that particular Checkbox was
selected. In addition, a Score variable can be defined which indicates whether
particular pattern of multiple Checkboxes has been selected (see section 5.3.2 for
details).

To add a Checkbox, first select a Panel in theDrawing Area of the Page Editor. If a Panel
is selected, the icon Checkbox (

 

 

) can be selected in the Palette. To place the
Checkbox, click into the Panel andmove themouse while keeping the left mouse but-
ton pressed.

Properties of Checkboxes: The position of Checkboxes can be precisely defined using
the section Position of the Properties view. The size of Checkboxes must include the
space required for the text label, that is displayed next to the Checkbox (on the right
side for right-to-left languages). The label text can be defined by double-clicking on
the Checkbox, using the contextmenu entry Edit Text or directly in the Properties view
in section Text. Font and font size of the Checkbox labels can be configured using the
Appearance tab of the Properties view. Analogous to RadioButtons, a background color
for selected Checkboxes can be defined (property Selected Background Color or context
menu entry Set Selected Background) in addition to borders (nonzero Border Width)
and the background color.

 

 

The Text Property provided by Checkboxes results in labels for Multiple-Choice re-
sponse formats that are click-sensitive. If necessary, Conditional Links or the Finite-
StateMachine can be used to make additional components (such as HTMLTextFields)
click-sensitive for Checkboxes (see section 6.4.8).

Components of type Checkbox can be linked to twodifferentEvents.The contextmenu
entry Link Select Event allows to assign anEvent that is triggered, when the Checkbox
is selected, the entry Link Deselect Event can assign an Event for deselecting the
Checkbox.

Components of type Checkbox create Trace events of type Checkbox for the log data, that
provide the attribute oldSelected to informs about the previous state of the Checkbox.

Simple andComplexMultiple-Choice response formats orMultiple-True-False items can
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be created by using components of type RadioButtonGroups and RadioButton (see sec-
tion 3.9.2). However, since the use of RadioButtonGroups is not possible in combina-
tion with Auto Layout-Panels (see section 3.5.3), Frame Select Groups can also be used
to define single- andmultiple-choice response formats (see section 3.9.4).

More advanced Single-Choice and Multiple-Choice response formats can be imple-
mented using the dynamic features of the CBA ItemBuilder (see, for example, sec-
tion 6.4.9).

3.9.4 Single- orMultiple-Choice using Frame Select Groups

Using RadioButtonGroups to structure andgroup RadiouButtonshas a conceptual prob-
lem: RadiouButtons of a group cannot be distributed across different containers,
such as Panels. This problem is solved by so called Frame Select Groups. Frame Select
Groups are groups defined at the Frame-level for RadioButtons, Checkboxes (and Toggle-
Buttons) that specify the membership of these components in a group for click re-
sponses. Frame Select Groups can be created via the Configure Select Groups dialog,
which can be called from the contextmenu of the Frame of a page. As shown in figure
3.91, this dialog can be invoked via the Component Edit by right-clicking on the Frame.

 

 

FIGURE 3.91:Context menu to Configure Select Groups in the Component Edit.

Frame Select Groups can be used together with Auto Layout-Panels (see section 3.5.3)
to group components of type Checkbox, RadioButton or Toggle-Button into groups.
Groups define the three important properties, that define Single- orMultiple-Choice
response formats as groups (Frame Select Groups), instead of using RadioButton-
Groups:

• Selectable: Can user interactions (i.e. clicks) on the components change the selec-
tion?

• Multiple Select: Is it possible to select more than one component of this group?
• NoDeselect: Is an already selected component de-selected, if it is clicked again?

After right clicking the Frame of a page in theComponentEdit (see subsection 3.1.2) the
entry Configure Select Group opens the editor shown in Figure 3.92.

Frame Select Groups are addressed by their index. I.e. in each Frame multiple groups
can be created, and each component is then assigned to a group by entering the in-
dex (starting with 0) in the Properties-view of a component. In Figure 3.92, 9 differ-
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FIGURE 3.92:Configure Select Groups dialog to define Frame Select Groups.

ent groups are defined. All components belonging to each group are assigned to the
same index (see the property Frame Select Group in sectionMisc in Figure 3.93).

 

 

FIGURE 3.93: Assignment of a component to a Frame Select Group in the Properties-
view.

The assignment of components to a previously defined Frame Select Group is defined
by entering the number in the Properties-view, as shown in Figure 3.93. The mean-
ing of the three properties (Selectable,Multiple Select andNoDeselect) can be inspected
with the example illustrated in Figure 3.94.

 

 

FIGURE 3.94: Item illustrating the use of Frame Select Groups (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SingleAndMultipleChoiceUsingSelectGroupsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SingleAndMultipleChoiceUsingSelectGroupsExample.zip


190 3 Designing Items Using Static Content

3.9.5 Single- orMultiple-Choice using ComboBoxes and Lists

The CBA ItemBuilder provides two additional components for creating single and
multiple selections of existing elements. Both components can be added to Pan-
els (see Figure 3.86). ComboBoxes can be used to implement Single-Choice response
formats. Only one element can be selected from each Dropdown-list. Lists support
single- and multiple-choice using the property Multiple Select Mode. When closed,
ComboBoxes display only the selected element, while Lists show all available elements
within the available space. ComboBoxes require scrollbars for the selection of an item
if the list of defined Combobox Items cannot be shown simultaneously on screen (and
the CBA ItemBuilder provides the property Visible Item Count to control howmany
items are displayed during the selection before scrolling is required. With the con-
figuration Visible Item Count: 0 (default) as many items as possible are displayed).
Lists show scrollbars, if the size of the List-component is to small to show all ele-
ments (see Figure 3.95).

 

 

FIGURE 3.95: Item illustrating ComboBoxes and Lists (html|ib).

Components of type ComboBox and List are containers for entries added in the form
of ComboBox Item (for ComboBoxes) ListItem (for Lists).

 

 

Entries of ComoBoxes (ComboBox Items) and Lists (List Items) are not displayed indi-
vidually in the PageEditor and can only be edited via theComponent Edit (see section
3.1.2).

To add an item to the ComboBox, the context menu (right-click a component of type
ComboBox in the Page Editor) must be used, which contains the entry Add Combo Box
Item as shown in Figure 3.96 (the analog entry is called Add List Item for components
of type List).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComboboxAndListExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComboboxAndListExample.zip
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FIGURE 3.96:Context menu for ComboBoxes in the Page Editor.

After a new item has been created via the context menu, the central properties can
be edited in the Add Combo Box Item dialog (see Figure 3.97). However, Text, UserDe-
finedId and Mouse Over Text can of course also be changed via the Properties view.

 

 

FIGURE 3.97:Dialog to configure a component of type ComboBoxItem.

To be able to edit an item of a ComboBox (or List), the ComboBoxmust first be selected as
a container in the Drawing Area of the Page Editor. All defined items will then be dis-
played in the Component Edit section. To change the Text Property, the UserDefinedId
or the Mouse Over Text the context menu in the Component Edit contains the entry
Set Basic Attributes (see Figure 3.98).The contextmenu also contains the entry Link
Page for defining a Link (see section 3.11) or a Conditional Link (see section 4.3).

Using the entry Link Raised Event that is part of the context menu when a ComboBox
Item or List Item in the Component Edit are clickedwith the rightmouse button, FSM
Events can be added that are triggered when the item is clicked.

Comobox-items provide the contextmenu entry Link Image that is currently not work-
ing as expected.

To delete an item in the Component View, the contextmenu entry ‘Delete Item’ can be
used (see Figure 3.98).
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FIGURE 3.98:Context menu for ComboboxItems in the Component Edit.

Moreover, the context menu of items in the Component Edit also allow to open the
Properties view.

Theformattingof entries in ComboBoxesand Lists is uniformfor all itemsvia theprop-
erties in the Appearances tab of the Properties view. A border is only displayed if a non-
zero Border Width is defined.

The SetFrozen()-operator and the property Is Frozen is currently not working for
ComboBoxes and not supported for Lists.

If entries in a ComboBox are selected a log entry ComboBox is written into the Trace data.
If an entry is selectedwithin a List, this can be tracedbymeans of the entry List Item
in the log data.

3.9.6 Selectable Components in Panels or ImageMaps

In addition to specific components to collect click-responses, the CBA ItemBuilder
allows to use additional components within Panels or ImageMaps to be selected.

Selectable Components: Different components such as HTMLTextFields provide the
Selectable property, that can be used to allow components to be selected and de-
selected by test-takers (

 

 

). If several HTMLTextFields are placed within a Panel,
then the selection of the component (e.g., the HTMLTextField) can be used to capture
a click response. If the option Selectable: true is enabled (default setting is false),
then the entire HTMLTextField can be selected by the test-taker at item runtime, as
soon as the Selectable: true is also defined for the hosting Panel. Note that the Se-
lectable-property is only visible if the icon Show Advanced Properties is clicked (see
Figure 3.99).

HostingComponent:The selection of an HTMLTextField is done by clicking.The exact
behavior of the selection canbedefined as properties of the component, inwhich the
selectable components (e.g., HTMLTextFields) are embedded (e.g., Panels). In addition
to define Selectable: true, the Panel allows to define the additional properties No
Deselect and Multiple Select Mode (see Figure 3.100 for illustrations).

An already selected HTMLTextField can be unselected by clicking on it, if No Deselect:
false . Selected HTMLTextFields are highlighted with the color that is stored in the



3.9 Components to Collect Responses 193

 

 

FIGURE 3.99: Advanced properties for Panels in the Properties-view to define Se-
lectable: true.

 

 

FIGURE 3.100: Item illustrating the setInputValue()-operator (html|ib).

global settings as Highlight Color (see section 6.3).The scoring of selectable compo-
nents such as HTMLTextFields is described in section 5.3.2. Operators for finite-state
machine and task initialization syntax to modify the selectable property of HTML-
TextFields are described in section 4.4.6.

3.9.7 Single-Choices as MenuBarwith Menu

A component for the implementation of Single-Choice tasks analogous to menus of
computer programs is providedby theCBA ItemBuilder as MenuBar (see Figure 3.101).

MenuBar: Components of type MenuBar can also be used added to Panels on pages of
type Web Browser within WebBrowserToolbar. To create a Single-choice selection as a
menu, a Panel or a WebBrowserToolbar must first be selected in the Page Editor. This
makes it possible to select the MenuBar icon in the Palette (

 

 

). If MenuBar is se-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SelectableHTMLTextFieldsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SelectableHTMLTextFieldsExample.zip
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FIGURE 3.101: Item illustrating components of type MenuBar and Menu (html|ib).

lected in the Palette, a rectangle can be drawn within the Panel or within the Web-
BrowserToolbar by clicking with the left mouse button and moving the mouse with
pressedmousebutton.This rectangle represents the typically invisible borderwithin
which one or more menus can be placed. The position of the MenuBar can be set ex-
actly via the Properties view (properties X, Y, Width and Height), as well as the border
width and the border color (in the Appearance tab of the Properties view). Via the Prop-
erties view (property Raised Event in sectionComponent Interaction) a FSMEvent can be
defined, which is triggered when a test-taker opens the MenuBar.

Menu: Unlike ComboBoxes and Lists, components of type MenuBar can provide multiple
selections,which canbe added to MenuBars as a component of type Menu. To addoneor
more Menu components to a MenuBar, the MenuBarmust first be selected in the PageEdi-

tor.Then the icon Menu (
 

 

) is available in the Palette. After this icon is selected,
a Menu can be added inside the MenuBar.The size With and Height can also be edited di-
rectly in the Properties view.The position X and Y is not relevant for Menu components
and is hidden in the default view of the Properties view. 21

Components of type Menu are containers for entries added in the form of MenuItems
(using the context menu Add Menu Item of Menus).

 

 

Entries of Menus (MenuItems) are not displayed individually in the PageEditor and can
only be edited via the Component Edit (see section 3.1.2).

Images canbe added to Menu-itemsusing the contextmenu Link Image (or by entering

21To have access to the hidden properties X and Y, advanced properties can be displayed with the icon

 

 

. However, it is important to keep in mind that the hidden properties are usually ineffective, not
needed, or not supported.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MenuBarAndMenuExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MenuBarAndMenuExample.zip
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the exact file name of the image resource added using the Resource Browser, see sec-
tion 3.10.1, to the property Image Reference in sectionDisplay Images of the Properties
view).

Menu-items can be used trigger Links (see section 3.11 for details) or Conditional Links
(see section 4.3 for details), assigned using the context menu entry Link Page in the
ComponentEdit.Moreover, Menu-items can triggerCommands (using the contextmenu
entry Set Command, see section3.12 fordetails) andFSMEvents (using the contextmenu
entry Link Rasied Event, see section 4.4.3 for details).

3.9.8 Collect Responses using Table and TableCellEditor

As shown in Figure 3.102, additional components can be added to Panels which are
needed for the implementation of specific item concepts. This concerns the use of
tables (as input format) and so-called Trees, which can be used to design user inter-
faces as part of CBA ItemBuilder items.

 

 

FIGURE 3.102:Overview of components for special purposes.

For the design of pages, the CBA ItemBuilder provides a Table component (see item
in Figure 3.103 for an example).

Table: Tables can be used for different purposes. They can be used to arrange infor-
mation on a page in tabular form. Tables can also be configured to mimic simple
spreadsheet functions. After the place for a table has been defined in the Page Editor,
tables can be initialized via the context menu and the entry Configure Table. When
the dialog shown in Figure 3.104 is called for the first time, the type can be speci-
fied once. Besides the table type (Standard or Spreadsheet), the number of rows and
columns and the default background color can be specified. These changes cannot
be corrected once the dialog has been closed with OK.
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FIGURE 3.103: Item illustrating Tables (html|ib).

 

 

FIGURE 3.104:Dialog to configure Table-components.

After initializing a table, the table cells are automatically createdandfilledwith com-
ponents of type Text Field (see subsection 3.8.3 for more information). Note that
height, width and position of table cells can only be changedmanually in the Proper-
ties view once the table is created.

Table cells are TextFields to which an image (context menu entry Link Image) and a
page as link (contextmenu entry Link Page) can also be assigned. As shown in Example
1 in the item illustrated inFigure 3.103, tables of type Standard canbe configured tobe
Select enabled (wither single-choice or multiple-choice with the additional option
Multiple Select, see Figure 3.104).

TableCellEditor: For tables of type Spreadsheet a component TableCellEditor is avail-
able, which enables the editing area of the currently selected cell, which is typical for
spreadsheets (see figure 3.103). After adding a component of type TableCellEditor it
can be assigned to a table configured as type SpreadSheet via the context menu entry
Attach Table.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TableExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TableExamples.zip
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3.9.9 Collect Responses using Tree, TreeView and TreeChildArea

To create browsable folders with nested elements, the CBA ItemBuilder provides
three components usually used together (see Figure 3.105 for an example):

• The Tree-component shows a tree, in which each element is represented by a la-
bel and the hierarchical structure is created at design-time by adding nodes in the
Component Edit-view of the CBA ItemBuilder (see section 3.1.2).

• The TreeView-component that shows a list of all child-nodes of the node selected in
the Tree.

• The TreeChildArea-component that can be used to display pages in a designated
area (similar to PageAreas, see section 3.5.4), linked to the currently selected node
in the Tree.

 

 

FIGURE 3.105: Item illustrating Trees to collect click-responses (html|ib).

Tree Configuration: The basic configuration of Trees is done in the Component Edit-
view of the CBA ItemBuilder as shown in Figure 3.106. Each Tree-component pro-
vides three sections in that can be edited using the contextmenu.The section [Type]
is used to define custome node types ([TreeNodeType]), for intsance, to specify the
font properties for all nodes assigned to this type. Each node must be assigned to a
node type.The actual nodes that are to be displayed in the Tree (and the child nodes
in the TreeView) are defined in the section [Nodes]. The columns shown in the Tree-
View areuser definedand created in theComponentEdit-view in the section [Columns].
Each child node in the section [Columns] corresponds to one column in the TreeView.

The configuration of nodes is done using the context menu in the section [Nodes]
using theComponentEdit-viewof a Tree-component, as shwon in Figure 3.107.Nodes
are added using Add Tree Node and removed using Delete Tree Node. The node text
(i.e., thedisplayed text in the Treeand TreeView-components), theMouseOver text and

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TreeViewExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TreeViewExample.zip
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FIGURE 3.106:Configuration of Tree-component in the Component Edit-view.

 

 

FIGURE 3.107: Context menue for [Nodes] in the Component Edit-view of a Tree-
component.

theUserDefinedId are configured using the context menu entry Set Basic Attributes
or by entering the values directly into the Properties-view.

Each node must be assigned to a node type using the entry Set Node Type. This re-
quires to define at least one element in the section [Type], using the context menu
entry Add Tree Node Type that is available via right-click on the element [Types]within
the element [Tree] in the Component Edit-view. A node type is defined by a text, a
UserDefinedId andanoptionalMouseOverText. Additional properties for nodes of that
particular type can be defined in the Properties-view (e.g., details concering the text
presentation are used when Use Tree Front: false).

TreeView Configuration: The Tree component and the TreeView-component need to
be linked. To link a TreeView to a Tree, right-click on the TreeView-component in the
Page Editor provides the context menu entry Set Tree. Since Tree and TreeView are
linked, the selection of a component in the Tree and in the TreeView are synchronized
(i.e., selecting a node in the Tree selects the corresponding nodde in the TreeView and
vice-versa).

The data about selected nodes shown in the TreeView are values for the columns, de-
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fined for eachnode by selecting the contextmenu entry Set Column Values (see Figure
3.107). The values need to be entered in the dialog shown in Figure 3.108 according
to the order in which the [Columns] are defined in the Tree-component.

 

 

FIGURE 3.108:Edit values for [Nodes] shown in the TreeView-component.

Additional configurations (e.g., Sortable) canbe specified in theProperties viewof the
TreeView-component.

TreeChildAreaConfiguration:The Tree componentand the TreeChildArea-component
need to be linked (similar to the TreeView as described above). Since Tree and
TreeChildArea are linked, a child page can be linked to each node. When the node
is selected in the Tree or the TreeView, the linked pages is shown in the TreeChildArea.
Pages canbe linked in the contextmenuof the Tree-component in theComponentEdit
view (see entry Link Page in Figure 3.106).

3.9.10 Graphical Single- orMultiple-Choice Formats using ImageMaps

Another component that can be used to computerize both Single- andMultiple-Choice
response formats with the CBA ItemBuilder are ImageMaps. As the name suggests,
these are images on which clickable areas can be defined. If the selection of a new
clickable area deactivates an already selected area (Multiple Select Mode: false),
then a Single-Choice response format is created. If additional elements are selected
without deactivating already selected areas (Multiple Select Mode: true), aMultiple-
Choice response format is created.

ImageMaps: ImageMaps that can be added to components of type Panel are shown in Fig-
ure 3.109).

To add an ImageMap to a page, the Panel must first be selected. After that the entry
ImageMap (

 

 

) is available in the Palette. If this icon is selected, it is possible
to click inside a Panel in theDrawingAreaof thePageEditor anddrawa rectanglewhile
holding down themouse button.When releasing the left mouse button the ImageMap
is added to the page. In the Properties view, the exact position and size of the ImageMap
can then be adjusted in the Position section.



200 3 Designing Items Using Static Content

 

 

FIGURE 3.109: Item illustrating ‘ImageMaps’ (html|ib).

The graphical design of ImageMaps is usually done using a background image, which
can be added using the context menu entry Link Image (see section 3.10). Alterna-
tively, a background color can be configured in the Appearance tab of the Properties
view (if Is Transparent: false). A border can be displayed if a non-zero Border Width
is configured.

ImageArea: Components of type ImageMap are containers for clickable areas, which can
be inserted as ImageArea or ImageTextField. One or more ImageArea(s) can be created
in the Page Editor inside ImageMaps (see table 3.8 for a detailed description). The size
of ImageAreas is insignificant, since they are only used to anchor polygonal features,
which must also be inserted as AnchorPoint.

TABLE 3.8: Guide for creating ImageMaps in the CBA ItemBuilder

Page Editor Description

 

 

To add ImageAreas to an ImageMap, the ImageMapmust first be
selected in theDrawing Area of the Page Editor.

 

 

When the ImageMap is selected, the ImageArea icon (
 

 

)
can be selected in the Palette. After that a small rectangle (circa
25x25 pixels) needs to be drawn inside the ImageMap component,
which represents the ImageArea.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageMapExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageMapExample.zip
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Page Editor Description

 

 

After the ImageArea has been added to the ImageMap, this
component can be selected in the Page Editor. The displayed
connector points (

 

 

) can be ignored. Once the ImageArea is
selected, the icon AnchorPoint (

 

 

) can be selected in
the Palette.

 

 

Unlike other components, AnchorPoints are added by a simple
click.The CBA ItemBuilder shows that this is only possible by
clicking on components of type ImageArea.

 

 

If the icon AnchorPoints is selected, then a selectable area for the
ImageMap can be defined by a single click on the ImageArea. It is
important to click inside the component of type AnchorPoints in
theDrawing Area.

 

 

Adding the AnchorPoints by clicking on the ImageArea
automatically creates a rectangle whose corner points can now
be adjusted to the desired shape.The polygon path symbolized
by the corner points is always anchored to the ImageArea.

 

 

The individual corner points of the polygon path can be moved
in theDrawing Areawith the mouse.The polygon path must be
selected for this operation first. After that the mouse can be
moved over a corner point. As soon as the mouse icon indicates
that the corner point can be moved, the polygon path can be
adjusted at the selected point using drag and drop. If the corner
point falls exactly on the line between two already existing
points by a drag and drop operation, then the corner point is
removed.

 

 

A new corner point can be added by clicking on a line of the
polygon course.The Page Editor shows this option by a small + at
the mouse pointer. After the new corner point has been added,
it can be moved again via drag and drop.

 

 

There are three different selections for ImageMaps. If the
ImageArea is selected, properties for this polygon path can be
changed in the Properties view.
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Page Editor Description

 

 

If the polygon path itself is selected, then the Properties view is
not available, but individual points can be moved, added or
deleted.

 

 

Properties of the whole ImageMap (e.g. the property Multiple
Select Mode) can be edited if the ImageMap is selected in the Page
Editor.

ImageAreas are used to define the UserDefinedId for each click-sensitive path of an Im-
ageMap, do define using the tab Appearance of the Properties view the background color
and optional border (shown if Border Width is different from zero), to assign FSM
Events (using the contextmenu entry Link Select Event and Link Deselect Event) and
to define the Transparency (a value between 0 and 100 that defines the trancparency
of the defined background color, when the path is selected).

AnchorPoint: For each ImageArea exactly one component is required to anchor the
polygon path. For that purpose, an AnchorPointmust be added to the ImageArea. The
AnchorPoint is not drawn as rectangle in the Page Editor. Instead, adding the Anchor-
Point is performed by selecting the ImageArea to get access to the icon AnchorPoint in
the Palette (

 

 

), followed by a single clickwith the leftmouse button inside
of the rectangle that represents the ImageArea in the Page Editor. After adding the An-
chorPoint, the automatically generated polygon path can be adjusted as described in
table 3.8. Once the ImageArea is added to the ImageArea, only the polygon path or the
ImageArea can be selected in the Drawing Area of the Page Editor. AnchorPoint do not
provide additional properties.

ImageTextField: As shown inFigure 3.86, ImageMaps can contain standard components
of type HTMLTextField and Button as well as ImageTextFields in addition to ImageAreas
with AnchorPoints. Components of type Button (see section 3.11.2) and HTMLTextField
(see section 3.8.2) added to ImageMaps can contain Links (see section 3.11), while the
specific component of type ImageTextFields are TextFields (see section 3.8.3) with-
out the possibility to add Links and to use the Highlighting feature. Instead, Image-
TextFields can be added to ImageTextFields as click-sensitive texts that integrate into
the Single-Choice (Multiple Select Mode: false) or Multiple-Choice (Multiple Select
Mode: true) behavior of ImageTextFields (see Figure 3.110 for an example).

Figure 3.110 illustrates thatmultiple ImageMaps canbe added to apage simultaneously
and that ImageMaps not necessarily must use a background image.
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FIGURE 3.110: Item illustrating advanced ImageMaps (html|ib).

3.10 Images andMultimedia Components

 

 

Many components can be used to display images on CBA ItemBuilder Pages.The fol-
lowing example (see Figure 3.111) shows a selection of components that can be linked
to images.

The component that can only display images is the ImageField. It can be used to dis-
play an imagewith a fixed size (width and height).The size of the image used should
be preferablymatch the original size of the image in pixels (see 6.2.1 for details). Size
and position can be changed in the Page Designer. To determine the exact position,
the properties can also be defined in the Properties view (see Figure 3.112).

Images can also be used as background in Panels. A panel without any further el-
ement leads to the same result as an ImageField. However, if required, additional
components can be placed in panels. In the example above, this approach was used
for the SingleLineInputField, whichwas placed on a panel with a pattern. Images are
frequently used for the design of buttons. As described in subsection 3.11.2 the CBA

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AdvancedImageMapExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AdvancedImageMapExample.zip
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FIGURE 3.111: Item illustrating the use of images (html|ib).

 

 

FIGURE 3.112: Rendering (left) and Page Editor (middle) and Properties view showing
item ImageExamples.zip (html|ib)

ItemBuilder distinguishes two configurations, namely Standard button (only one im-
age can be used) and Image button (one image can be defined for each of the states
activated, deactivated, pressed and mouse over). RadioButtons can also contain images.
If the images are specified as part of the RadioButton, the correpsonding option can
also be selected by clicking on the image. Finally, the example in Figure 3.112 also
shows that TextFields can contain images in addition to texts.

3.10.1 Manage Ressources

To use image files, audio data and video files for designing item theymust be loaded
into theCBA ItemBuilderProject Fileusing the so-calledResourceBrowser.TheResource
Browser supports the import of selected file formats that can typically be displayed
inWeb browsers.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageExamples.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageExamples.zip
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SupportedFile Formats:The following Table 3.9 gives an overview of file formats for
images, audio and video.22

TABLE 3.9: Supported File Formats for Resources

Extension Description Type

*.gif GIF: Graphics Interchange Format, Lossless
compression, transparency option, animation
option, good browser support

Image

*_min.png PNG: Portable Network Graphics, Lossless
compression, transparency option, good browser
support

Image

*.jpg JPEG: Joint Photographic Experts Group, Lossy
compression, good browser support

Image

*.tiff TIFF: Tagged Image File Format, Lossless
compression (not supported)

Image

*.mp3 MP3: Lossy compression, good browser support Audio
*.mp4 MP4: Lossy compression, good browser support Video
*.webm WebM: Lossy compression, good browser support Video
*.ogg Ogg: Lossy compression, acceptable browser support Audio
*.ogv Ogv: Lossy compression, not supported by all major

browsers
Video

*.wav Wav:Waveform Audio File Format, good browser
support

Audio

Note that the XML-based vector image format for Scalable Vector Graphics (SVG) is
currently not supported by the CBA ItemBuilder.

Resource Browser: To manage resources, the built-in Resource Browser provides the
following three options: A) Add a resource file to the item project file, B) delete a
selected resource file from the itemproject, andC) delete all unreferenced resources
within a project.

The Resource Browser can also be opened using the entry Browse resources in the
Projectmenu. To import a resource file, the Resource Browser once opened provides
the button Add. This button opens an open file dialog that can be used to select one
or multiple files of supported format for importing.

Resources whose file name contain special characters or blank space cannot be used
in item project and displayed at runtime.23 Resources with file names that cannot
be used at runtime are detected by the Resource Browser and the CBA ItemBuilder
displays a warningmessage.

22Note that for historical reasons the CBA ItemBuilder also lists *.flv as import format for videos and
*.bmp for images, which are no longer supported.

23Only plain latin characters (A-Z and a-z, no diacritics), digits (0-9), dot (.), underscore (_), hyphen (-),
plus sign (+) are allowed.

https://caniuse.com/mp3
https://caniuse.com/mpeg4
https://caniuse.com/webm
https://caniuse.com/ogg
https://caniuse.com/ogv
https://caniuse.com/ogv
https://caniuse.com/wav
https://caniuse.com/wav
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FIGURE 3.113: Icon Browse resources in the CBA ItemBuilder Toolbar.

 

 

FIGURE 3.114:Resource Browser to manage embedded resources.

A resource entry selected in the list of Available resources (see Figure 3.114) can be re-
moved, using the Delete button. If the automatic start of audio or video files should
be suppressed, the checkbox Skip Preview can be marked.

As described in the following, resources are linked to components. Resources that
are used in the current item project (i.e., images, audio files, and videos that are
linked to components) cannot be deleted. Resources that not linked to a component
(i.e., unused resourcefiles) can be removedpermanently from the itemproject using
the button Cleanup.
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Deleting unused resources can significantly reduce the file size of an item project.
Many and large resourceswill slowdown theprocessingof itemproject files at run-
time.

Existing resources can be updated without linking them to components again by
deleting the resource with the Resource Browser and adding a resource with the iden-
tical name. Note, however, that Generate and Save (see 3.2.1 below) will be necessary
to apply the update.

Before you import resources in the item project, images, audio files, and videos
should be prepared and converted into a suitable format. Images, for instance,
should be prepared by image processing software and resized to the size required
in the item project (see section 6.2 for further information).

A selection of file formats is commonly used for displaying images on the web. The
CBA ItemBuilder supports image files in the formats JPEG, BMP, GIF and PNG.

 

 

FIGURE 3.115: Item illustrating the use of different image file formats (html|ib).

Audio files can be added in MP3, OGG and WAV formats in the CBA ItemBuilder’s
Resource Browser. A tool to edit and convert audio files is Audacity. For audio files to
be played, the hosting may also need to be configured correctly (e.g. with regard to
range headers).Therefore, it is recommended to thoroughly test the use of the audio
format on the planned devices. In addition, audio output in the browser typically
cannot occur until at least one user interaction (click, keyboard input, or similar)
has taken place.The three audio formats are illustrated in the following item shown
in Figure 3.116.

Video files can be added in MP4, OGV and webm formats in the CBA ItemBuilder’s
Resource Browser. A tool to convert video files is VLC media player. The three video
formats are illustrated in the following item shown in Figure 3.117.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageRessourcesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageRessourcesExample.zip
https://github.com/audacity/audacity/
https://github.com/videolan/vlc
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FIGURE 3.116: Item illustrating the use of different audio file formats (html|ib).

 

 

FIGURE 3.117: Item illustrating the use of different video file formats (html|ib).

 

 

Depending on the deploymentmethodnot all audio and videofile formats are sup-
ported. Currently, the Ogg / Ogv orMp3 /Mp4 are suggested formates to be tested
first. For online use, MP4 with the codec H264 and WebM with the codec VP8 or
VP9 are particularly suitable because of their high compatibility.

As a rule of thumb, MP4 should work in all common browsers, i.e., Android,
Chrome, Internet Explorer, Edge, Firefox, Opera, and Safari - only Firefox on
Linux requires a plugin (FFmpeg). Further, all universal browsers support WebM;
the only exceptions are Internet Explorer and Safari.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioFormatTester/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioFormatTester.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoFormatTester/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoFormatTester.zip
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Resource files of a supported format can be used in item projects by linking them to
components, as described in the next section.

3.10.2 Components to Show Images

Importing images via theResourceBrowser is only thefirst step.An imagemust alsobe
assigned to a component in thePageEditor to be visible onapage, andall components
that can show images provide the “Link Image” entry in the context menu.

Dedicated ImageFields: ImageFields are components dedicated to showing images
on pages. If image file formats support transparency (i.e., *.gif and *_min.png), the
property Is Transparent can be set to true and Background Ccolor can be used. Images
can have borders (i.e., Border Color can be used when Border Width is different from
zero) and ImageFields support text for Mouse Over (text that is displayed whenmouse
over the ImageField). Components of type ImageFields are typically added to Panels,
but are also supported within WebBrowserToolbars.

TheCBA ItemBuilder automatically resizes components of type ImageField and Panel
to the native size of the image. Although the components can be resized afterward,
resizing images either risk a loss in quality or a potential waste of resources, as item
projects might requiremore bandwidth as needed (see section 6.2 for further infor-
mation). A tool to create and edit images is paint.net.

Background Images in Panels: Images can also be used to create the background of
a page. For this, no ImageFields have to be used in the CBA ItemBuilder, but images
can also be linked directly to a panel. Note, however, that when images are added as
background images to Panels via the Link Image option, they must be precisely the
size of the panel in Width and Height. If this is not the case, then unlike ImageFields,
theywill be cut off (if the image is larger than the Panel) or displayed repeatedly (if the
image is smaller than the Panel). This difference between ImageFields for displaying
images and the use of images in the background of Panels is shown in Figure 3.118.

Other Components that allow to Link Images: TextFields (see subsection 3.8.3) can
contain images (see Figure 3.111 in subsection 3.10 for an example). Images are nec-
essary for components of type ImageMap (see section 3.10). Images can also be used to
design components of type Button as so-called Image Button (see subsection 3.11.2).
Moreover, TableCells (see subsection 3.9.8) can be linked to images. Finally, Map-
BasedVariableDisplay (see subsection 4.2.5) can be configured to show images as-
signed to values using so-called ValueMaps (see subsection ).

3.10.3 Components for Audio and Video Content

For audio and video content integration, the Page Editor provides components of Au-
dio and Video type that can be placed into Panels.These two components can be con-
figured with or without visible controls and are used to play hard-linked audio or

https://github.com/paintdotnet/
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FIGURE 3.118: Item illustrating the difference scaling of ImageFields and images as
background in Panels (html|ib).

video resources. Multiple Audio or Video components can be embedded if numer-
ous audio or video resources are required on a page. For special use cases, the CBA
ItemBuilder also provides additional functionality to play audio or video resources
selected via a ValueMapwith a variable (see 4.2.5 for a description of using MapBased-
VariableDisplaywith the Value Display Type either AUDIO or VIDEO).

Link Audio / Video to Components: Similar to images, videos and audio files can
be added as resources to the CBA ItemBuilder project. After inserting them in the
Resource Browser, they can be linked to the components using the context menu item
Link Video or Link Audio (as shown in Figure 3.119).

 

 

FIGURE 3.119: Link Audio dialog for Audio components.

Internal vs. External Media: In addition to internal resources that are part of the
CBA ItemBuilder Project Files (referred to as InternalMedia, audio and video files can
also be inserted asURL’s (referred to asExternalMedia). It should be noted, of course,
that the External Mediamust then also be available at the time of the test execution,
which is typically not guaranteed for offline deliveries (see section 7.2).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageScalingInPanelBackgroundExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageScalingInPanelBackgroundExample.zip
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To make audio and video resources part of the CBA ItemBuilder Project Files, they
must be inserted via the Resource Browser and used as InternalMedia.

Controls: The CBA ItemBuilder allows using audio and video resources with the de-
fault controls (i.e., a start and a stop button; property Hide Controls: false). With
this setting, test-takers can also navigate within the audio and video files and thus
reset the playback. Alternatively, the default buttons can be hidden with the Hide
Controls: true option. For this use case, the setMediaPlayer() operator must then
be used to start the output and pause or stop it if necessary (see section 4.4.6). This
property Hide Controls is illustrated for audio and video components in the item
shown in Figure 3.120.

 

 

FIGURE 3.120: Item illustrating the use properties Hide Controls and Max Play of
Audio and Video components (html|ib).

Max Play: Variables and the finite-state machine can be used to control precisely
when and how often multimedia resources can be played if the standard controls
are not used to control audio and video output. For simple use cases, however, the
Max Play property (the default value 0 means any number of times) can be used to
specify how often an audio file or a video file can be played. When the number is
reached, the default controls are automatically hidden (see the item in Figure 3.120
as an example).The Max Play value can be changed directly in the Properties view.

Note, however, that using a custom Play button (i.e., a component of type Button that
triggers an event and uses the Finite-State Machine operator setMediaPlayer() to play
the audio, see section 4.4.6) is not acknowledging the Max play setting (see Figure
4.54) for an implementation of an restriction for audio playback using Finite-State
Machine variables).

The link between the components of type Audio and Video and the Finite-StateMachine

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioVideoProperties/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioVideoProperties.zip
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is provided by a number of events that can be triggered (and processed by the Finite-
StateMachine, as described in section 4.4; see Figure 3.121).

 

 

FIGURE 3.121: SetMedia Raised Events dialog for Audio components.

 

 

Starting with CBA ItemBuilder 9.8, an End Event is also provided, and the events
are triggered even if the playback state is changed by an FSM operator (see section
4.4.6).

Automatic Start: If an audio or video resource is to be played automatically when a
page is visited, this can be configured with the Automatic Start: true property. The
items created with the CBA ItemBuilder are rendered in web browsers. Thus they
are subject to the security restrictions of the browsers. One of these security restric-
tions requires user interaction before audio output may be started. This is always
not the case if Automatic Start: true (or via the Finite-StateMachine) is used to start
an audio output in an item before the user has clicked or otherwise interacted with
the HTML output. This is not a problem for operative test execution, as user first
interaction is usually triggered by entering a login name or confirming the privacy
notices before the first audio output is required. However, the security restriction
also applies to editing items and the Preview used for this purpose. Therefore, the
Preview can also be started with a simulated login dialog (see ShowLoginDialog option
in section 1.4.2). If this option is not activated (and the warningmessage of the CBA
ItemBuilder is ignored), the Automatic Start function cannot work in the Preview.

AudioVolume: Controlling the audio volume ispossiblewith the components of type
‘Audio’ and ‘Video’ for the test-taker when the default controls are used (Hide Con-
trols: false). If the start volume of the is to be set or if the volume of individual
audio or video components is to be changed, an operator is available (see section
4.4.6) that can be used in the finite-state machine. Controlling the system volume
of the device on which the web browser is executed within which the items created
with theCBA ItemBuilder are rendered is not possible fromwithin the item.The test
delivery software can take over this functionality if the test execution takes place un-
der controlled conditions (e.g., using kiosk mode with a USB stick deployment, see
subsection 7.5.3 for an example).
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The first audio output of an item within a test is delayed by a latency of about one
second from the browser.

Alternate Video / Alternate Audio: Not all video formats (formerly also audio for-
mats) are supported in all browsers. The CBA ItemBuilder, therefore, provides the
functionality to link an Alternate Video to a component of type Video in addition to the
primary resource (Audio analogously). The alternate media is used if a browser does
not support the primary media.

Recording: The audio component can also be configured to record audio, using the
property Record Audio: true. Starting (and ending) the recording is connected, for
instance to buttons, as shown in Figure 3.122, using the dynamic features (i.e., Finite
StateMachine Events) described in Chapter 4.

 

 

FIGURE 3.122: Item illustrating audio recording using the Audio component
(html|ib).

As Figure 3.123 shows, the component of type Video can also be used in the sameway
to record from the webcam.

Note that the audio (and video) recording will only work if access to themicrophone
(or webcam) is granted.Moreover, due to a bug in CBA ItemBuilder 10.0, the audio-
track of the recording is played twice after recording.

A couple of additional features of Audio and Video components appear in the CBA
ItemBuilder user-interface but are currently either deprecated, still under develop-
ment or undocumented. The property Use Audio is currently not functional. More-
over, as illustrated in Figure 3.120 the Frozen property is currently not functioning,
and the feature VideoTextArea is currently not used.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioRecordingExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioRecordingExample.zip
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FIGURE 3.123: Item illustrating audio recording using the Video component
(html|ib).

3.11 Links between Pages

 

 

Assessment components created with em CBA ItemBuilder can consist of a single
page or ofmultiple pages. If multiple pages are used, then Links attached to compo-
nents can be used to switch between pages.

Links vs. Conditional Links: Links between pages in the CBA ItemBuilder can ei-
ther be static (i.e., the same target page is always addressed). Or the link’s target
is defined by conditions (i.e., the evaluation of the conditions decides which page
is addressed). Accordingly, the CBA ItemBuilder differentiates between Links and
Conditional Links.

The following example in Figure 3.124 illustrates simple Links and a Conditional Link.

Figure 3.125 graphically illustrates the distinction between Links and Conditional
Links that is demonstrated in the item in Figure 3.124.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoRecordingExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoRecordingExample.zip
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FIGURE 3.124:Example for Links and Conditional Links (html|ib).

 

 

FIGURE 3.125: Schematic display of links in Figure 3.124.

The button on Page A always links to Page B. Similarly, the buttons on Page C and
Page D always link back to Page B. The difference between these simple links and a
conditional link is illustrated on Page B. Here, the button Link to Page A has a simple
link, always referring back to Page A, while the button Link to Page A orC is configured
with a conditional link that points either to Page C or to Page D.

The condition defined for this example has two parts, separated in the two lines:

{pageD: CheckBoxID}
{pageC: not CheckBoxID}

The first line defines the link to pageD (the page name of Page D), if the component
of type Checkboxwith the UserDefinedId: CheckBoxID is selected. If this Checkbox is se-
lected, then the conditional link refers to pageD. If the component of type Checkbox
with the UserDefinedId: CheckBoxID is not selected, the first line is ignored and the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinksAndConditionalLinksExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinksAndConditionalLinksExample.zip
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second line is evaluated. Since not CheckBoxID is true, the conditional link will link to
pageC (the page name of Page C) in this example.

Conditions for Conditional Links are stored as syntax in the CBA ItemBuilder in the
form shown.This is introduced in detail in section 4.1 and described specifically for
Conditional Links in section 4.3.

The next section 3.11.1 describes how Links for switching between pages can be con-
nected to various components in the PageEditor. Links between pages and xPages are
covered in section 3.11.4, including an overview of links between pages of different
page type.

Connecting multiple pages using links is a central concept of the CBA ItemBuilder,
which is needed to create complex items. Analogous to hypertext, it is used to switch
(whole) pages.With the help of special page types (e.g.WebChild pages, see section
Y) it can also be used to change sections of the visually presented information. Fi-
nally, links can also be used to display content in the form of dialogues (see section
Y). Additional possibilities to switch between pages are:

• Pages can be linked to States. In this case, a page is displayed when the particular
state that is linked to that page becomes the current state.More on this option can
be found in section 4.4.9.

• Pages in PageArea-components (see section 3.5.4) can also be switched with a spe-
cial operator (setEmbeddedPage (PageArea,PageName)). For more on this option, see
section 4.3.4 (conditional links) and section 4.4.6.

Linksvs.Commands: Linksareused for switchingbetweenpageswithinaCBAItem-
Builder Task (see section 3.6 for task definition and section 8.2 formore information
on splitting assessment components into individual tasks). To switch and navigate
between CBA ItemBuilder tasks, Runtime Commands are used (see section 3.12).

Links vs. Events: Finally, the CBA ItemBuilder also allows to assignEvents to compo-
nents (see section 4.4.3). Events can be used to trigger Transitions in the Finite-State
Machine of a project (see section 4.4), and operators within transitions (see section
4.4.6) or pages assigned to states (see section 4.4.9) can also be used to change pages.

3.11.1 Simple Components to Link Pages

Various components canbeused to trigger switchingbetweenpages as links. Almost
exclusively for switching between pages, the dedicated component Link is used,
which is described first in the next section.

DedicatedLink-Component:During the executionof anassessment component cre-
ated with the CBA ItemBuilder, components of type ‘Link’ are displayed as text.
Clicking on the text will switch to the linked page. If a mouse is positioned over a
link as a pointing device for a short time, a mouseover text can be displayed:



3.11 Links between Pages 217

 

 

FIGURE 3.126:Example for components of type Link (html|ib).

Adding a component of type Link to a page in the Page Editor requires selecting the
container inwhich the Link should be placed first. If a container allows hosting com-
ponents of type Links (such as, for instance, Panels), the pallet will show the compo-
nent Link (see section 3.1.3). After selecting the component Link (see the small symbol

 

 

) in the palette, a rectangle can then be drawn in theDrawing Area and its position
adjusted with the properties X and Y (and Width and Height) if necessary. Font family,
font size, font color of Links can be configured, aswell as border andbackground (see
3.1.4).

The Link text and the target page can be configured using the Context Menu that is
available using right-click on a component of type Link, as shown in Figure 3.127.

 

 

FIGURE 3.127:ContextMenu for components of type Link.

Edit LinkText: To change the text that is shown as Link, the entry Edit Text in Figure
3.127 can be used. The built-in editor of the CBA ItemBuilder allows you to edit the
single or multline link text, as shown in Figure 3.128.

Link Page: Using the context menu shown in Figure 3.127 the dialog to Link Pages

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TextLinkEample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TextLinkEample.zip
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FIGURE 3.128:Dialog Configure aMultiline Text.

can be requested. The dialog for linking pages (see Figure 3.129) is structured the
same for all components that support this feature. In the section Select page on the
left side of the dialog, all available pages are listed that can be used as link-targets in
the current context. Defining a link is possible by selecting one of the pages before
confirming the dialog withOK.The selected page can be changed by selecting a new
page. Removing a defined link is possible by de-selecting the select link target-page.

 

 

FIGURE 3.129:Dialog Link Page used for components of different type.

Visited Link Color: On the right side of the Link Page-dialog shown in Figure 3.129
different colors for visited and not-visited links can be defined. The default values
for link colors can be defined in theGlobal Properties of a CBA ItemBuilder project file
(see section 6.3).

Conditional Links: The buttons Edit Condition and Drop Condition in the lower right
part of Figure 3.129 can be used to edit aConditional Link as described in detail in sec-
tion 4.3. It is important to note that if Conditional Links are used, the one ormultiple
target pages are notmarked as selected in the Select page section of the dialog shown
in Figure 3.129.

3.11.2 Button-Component

Components of type Button play an essential role in designing interactive assess-
ment componentswith theCBA ItemBuilder. Typically, at least one button is used to
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navigate to the following Tasks (connected to theNEXT_TASK command, see section
3.12.1). Buttons can not only be used for links but also to collect click responses and
to trigger FSM events (see section 4.4.3).

Component for (Image)Buttons: General-purpose components that also can be used
to link between pages are buttons. Adding a component of type Buttonto a page re-
quires selecting a container that can host Buttons (e.g., a Panel) first. If the element
selected in theDrawing Area can contain a button, the Palette shows the icon to add a
Button (see the small symbol

 

 

).

The example item in Figure 3.130 illustrates for components of type Button two im-
portant properties: The use of images to style Buttons and the property Toggle.

 

 

FIGURE 3.130: Item illustrating the component Button (html|ib).

Aswith all components, the contextmenu (rightmousebutton, seeFigure 3.131)with
the entry Show Property View can be used to edit properties.

Components of type Button can have a text property that can be edited via the con-
textmenu entry Edit Text (see Figure 3.131).The editor for editing the text property is
identical to the editor of text properties for components of type ‘Link’ already shown
above (see Figure 3.128).

Toggle Buttons: By default, buttons can be clicked multiple times and buttons are
only pressed as long as clicked bymouse or touch.However, buttons can also be con-
figured to toggle between either pressed (i.e., on) and unpressed (i.e., off ). So-called
Toggle Buttons are defined by changing the property Is Toggle: true. Buttons with
the Is Toggle=true property can remain in the pressed and non-pressed state, while
buttonswith the Is Toggle=false property automatically fall back to the non-pressed
state after being pressed. Toggle Buttons can also be grouped by using the FrameSelect
Groups described in subsection 3.9.4 (see the item in Figure3.91 for an example).

Standard Buttons vs. Image Buttons: Whether the ‘Text’ property should be used

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ButtonAndImageButtonExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ButtonAndImageButtonExample.zip
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FIGURE 3.131:Context-Menu for components of type Button.

for components of the ‘Button’ type or not depends on the use of images for button
design. The CBA ItemBuilder distinguishes between two configurations: Standard
Buttonswhichconsist of a text andanoptional image, and ImageButtonswhichshould
be designed using images only.

 

 

FIGURE 3.132:Component of type Button configured as Standard Button.

Figure 3.132 shows the dialog Link Image which can be accessed with the context
menu item of the same name. The multiline text of Buttons can be styled using the
properties font family, font size, font color, if a Button is configured as Standard But-
ton. Moreover, border color and background color can be used to style Standard But-
tons (see section 3.1.4). Standard Buttons can refer to one single image that is used as
background image (see the buttons with the labels “Button B” in the example item
provided in Figure 3.131).

If components of type Button are configured as Image Button (see figure 3.133), then
four different images can be specified:

• Activated Image: This image is displayed when the button is active, i.e., it can be
pressed.Forbuttonswith theproperty Is Toggle=true, this image isdisplayedwhen
the button is not toggled.
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FIGURE 3.133:Component of type Button configured as Image Button.

• Deactivated Image: This image is displayed when the button is frozen. A button
can be frozen at design time using the property Is Frozen=true or at runtime us-
ing the setFrozen()-operator. By default buttons are created with the property Is
Frozen=false (identical to the unsetFrozen()-operator).

• Pressed Image:While a button is pressed, this image is displayed. For buttonswith
the property Is Toggle=true this image is displayed when the button is toggled.

• Mouseover Image: This image is displayed, when a mouse as pointing device is
moved over a button.

Using the Context-Menu (see Figure 3.131 the background can be configured via the
entry Set Selected Background Color) for standard buttons with the property Is Tog-
gle=true (see Figure 3.134).

 

 

FIGURE 3.134:Dialog Set Background Color for Buttons (Standard Buttons).

Buttons are always defined as rectangles. If rounded corners are required, transpar-
ent images can be used,when the button is configured as ImageButton. Components
of type Button canbe set frozenusing theoperators setFrozen() (and the reversopera-
tor unSetFrozen(), see appendix B.2) using either the Finite-StateMachine (see section
4.4), Conditional Links (see section 4.3), or the Task Initialization (see section 4.5). The
checkbox “Show Buttons as Frozen” in the example item in Figure 3.130 illustrates
how frozen components of type Button look like.

Similar to components of type Link (see subsection 3.11.1) provides the contextmenu
an entry Link Page (see Figure 3.131) that can be used to define regular (static) Links
or to assign Conditional Links (see section 4.3) to components of type Button.
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Buttons can be used in the CBA ItemBuilder when designing assessment compo-
nents for very different purposes. Buttons can not only Link Pages, as described in
the previous section 3.11.1 and switch between pages or open dialog pages (see sec-
tion 3.15).Using the entrySetCommandof the contextmenu (see Figure 3.131) enables
to use buttons to control the navigation between tasks, close dialog pages, or change
the full-screenmode on or off using Runtime Commands (see section 3.12).

Buttons can also execute operators.This is either possible usingConditional Links (see
section 4.3) or with Events (see section 4.4.3). Events can be linked to selection (see
menu entry Link Select Event) or deselection (see menu entry Link Deselect Event) of
buttons using the context menu (see Figure 3.131).Deselect Event will only trigger for
buttons configured as Is Toggle=true. If Events are linked to buttons, the events can
be used to trigger rules in the finite-statemachine (see section 4.4 formore details).

Finally, buttons can also be used to increase or decrease the value of components of
type ScaleValueInput (see section 4.2.2 for a description of the entry Attach ScaleVal-
ueInput).

Text Color for Buttons: The text inside buttons works as a link, so the general link-
color settings (see section 6.3) need to be considered. To set the text color in the Prop-
erties view, the properties Use Default Link Color: false and Use Same Color For
Visited Reference: truemust be set in theDisplay section.

Advanced Button Components: Not all functionality can be realized with simple
buttons. For special requirements, the CBA ItemBuilder provides additional com-
ponents that can be used, for instance, on particular page types (e.g., TaskbarButton
and TabButton, see section 3.13.1). Finally, so-calledmap-based variable displays (see
section 4.2.5) can be used instead of buttons, where, for instance, the displayed im-
age can be changed depending on a variable with the help of ValueMaps (see section
4.2.4).

3.11.3 Linkswith other Compoments

Not only Links (see section 3.11.1) and Buttons (see section 3.11.2) can be used to link
between pages. As can be seen in the item shown in Figure 3.135), a number of other
components support the functionality of linking to pages directly.

Embedded Links: Components of type HTMLTextFields (see subsection 3.8.2) and
TextField (see subsection 3.8.3) can embed links. By linking pages, the CBA Item-
Builder can be used to create navigation scenarios within assessment components
and todesign interactive tasks.Especially in combinationwith the special page types
for web browser environments (web browser page and web child page, see section
3.13.2) typical hypertext environments can be created and used as part of computer-
based assessments under controlled conditions.

Use Links on Answer-Selection: Components of type ComboBox and List (see section
3.9.5 for more details about ComboBox, ComboBoxItem, List and ListItem) and MenuItem
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FIGURE 3.135: Item illustrating links in different components (html|ib).

(see section 3.9.7 for more details on MenuBar, Menu and MenuItem) can be used to link
pages, when a response is given by selecting a particular item.

Use Links on Focus: Components of type SingleLineInputField can be used to trig-
ger links when the components become focus. Since SingleLineInputField can also
be defined to be Readonly=true (see section 3.9.1 for details), this can be very useful
for using operators in Conditional Links without writing more complex Finite-State
Machine rules (see section 4.3.3).

ChangePagewithout Links: Not all components provide the entry Link Page in their
context menu and can be used this way to switch to another page. Interactions with
these components, for instance,mouse-clicks on components of type ImageValueDis-
play, can nevertheless be used to switch between pages with the help of the finite-
statemachine.This approachbasedon the assignment of pages to states is described
in detail in section 4.4.9.

3.11.4 Advanced Linking Scenarios

The CBA ItemBuilder offers unique flexibility in creating multi-page assessment
components with different page types and various linking options. Pages can be of
different types and can also be used as xPage, Dialog Page or Page Area. The follow-
ing section is intended for advanced users of the CBA ItemBuilder whowant to take
advantage of the full range of possibilities when linking pages.

Link between Pages and xPages: When linking pages, it is crucial to consider the
page type (see section 3.4) and the xPage-property (see section 3.4). For example,
pages that were defined as xPage in the CBA ItemBuilder can only link to other
xPages. Similarly, a page that is not defined as an xPage cannot link to an xPage. The
separation of regular pages and xPages is also maintained for dialog pages (see 3.15

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComponentsWithLinksExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComponentsWithLinksExample.zip
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for more details on dialog pages). Again, if a dialog is linked from an xPage, it must
necessarily be an xPage.

The following advanced example with two regular pages (Page1 and Page2), two
xPages (X1 and X2), and two dialog pages (“Dialog1” and “XDialog1”) illustrates how
xPages and Pages can be linked:24

 

 

FIGURE 3.136: Item illustrating links with xPage-layouts (html|ib).

Lets look at the button Go to "X2", which is connected to page X2 via Link Page. Since
this page is an xPage (see the small symbol

 

 

), the linked page is displayed in the
xPage area of the item. Similarly, the link behind the Go to "X1" button onpage X2 also
causes the page X1 to be displayed in the xPage area. Accordingly, xPages are locked
to remain in the xPage area of the item. The same is true for regular pages as well,
as illustrated with the button Go to "Page2" (on Page1) and Go to "Page1" (on Page2).
Components onpages that are not configured as xPages can link only to other regular
pages.

The separation of pages by the xPage-flag is already implemented by the in the dialog
to configuring links, i.e. depending on whether the link should be configured on a
Page or an xPage, only all available Pages or xPages are listed.

Theexample item (seeFigure 3.136 illustratesnot only simple linksbetweenPagesand
xPages, but also the use of links in dialog pages (see subsection 3.15 for more details)
and the use of Finite-State Machine Events to switch Pages and xPages (see subsection
3.11.4 for more details).

Links Between Pages of Different Type: The CBA ItemBuilder distinguishes two
kinds of links: Regular (static) Links and Conditional Links. Links can be assigned to
a variety of components using the context menu entry Link Page. Links are resolved

24A simple example without the use of Conditional Links or Finite-State Machine can be found in the file
AdvancedLinkingExample.zip.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageAndPageLinkExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/XPageAndPageLinkExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AdvancedLinkingExample.zip
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in the current environment and taking page types into account. To enable advanced
linking across environments and page types, either Conditional Links or Finite-State
Machines are required.

In addition to the simple links shown in the table, the setEmbeddedPage()-operator
can also be used to link in PageAreas (see section 4.3.4).

3.12 Runtime Commands

 

 

Tasks created in CBA ItemBuilder project files (see section 3.6) are to be used with
an execution environment, i.e., using a particular deployment software (see chapter
7). In most cases, deployments are a set of CBA ItemBuilder tasks, administered in
a linear sequences. An authentication (i.e., login) of the test-takers is often required
first before the items are shown in the defined sequence. Regardless of the admin-
istration mode, items are rendered in the test-takers web browser or in a browser-
component provided as part of the deployment software.25

Since the CBA ItemBuilder allows creating complex items with multiple pages, it
is essential to distinguish the navigation within Tasks (implemented inside the CBA
ItemBuilder) and the navigation between Tasks, which is handled by the deployment
software. Both parts are linked with so-called Runtime Commands (short: Command),
which the item author can define within CBA ItemBuilder tasks to allow test-takers
to end working on a particular task.

 

 

Runtime Commands are used to send instructions to the deployment software. In
order for a test participant to finish processing a CBA ItemBuilder task, at least
oneNEXT_TASK command is required in each task (see subsection 3.12.1).

25A browser-component is an HTML browser control embedded in other software such as an Electron
application.
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The different Runtime Commands can be assigned to Buttons (see 3.11.2) and to Menu-
Items (see 3.9.7) using the context menu in the Page Editor (see Figure 3.137).

 

 

FIGURE 3.137:Context menu to assign a Runtime Command.

The dialog that opens (Set Runtime Command, see Figure 3.138) allows you to select
one of the available Runtime Commands. Exactly one command (or EMPTY for none)
can then be assigned to the currently selected Button or MenuItem (default is EMPTY).

 

 

FIGURE 3.138:Dialog Set Runtime Command.

After specifying which command should be triggered by click or touch on the se-
lected Buttons or MenuItems by selecting an entry in the dialog Set Runtime Command
the button OK is used to conform the configuration. If a command is already as-
signed, it can be removed by selecting the command EMPTY or by deselecting the se-
lected entry in the Set Runtime Command dialog.

Runtime Commands can also be defined directly in the Properties view (see property
Command in Figure 3.139).The entry EMPTY can be selected to remove a defined Runtime
Command.

RuntimeCommands can also be triggered from thedynamic content of items (see sub-
section 4.4.6 for specific finite-state machine operators that trigger commands).
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FIGURE 3.139: Property Command in section Component Interaction.

 

 

Some commands refer to the higher-level navigation between tasks and need to be
tested not only in the Preview (see section 1.4) but also in the deploymet software
(see chapter 7).

3.12.1 Task-related Commands

A Task presented at runtime is always expected to be ended when one of the task-
related commands is executed. Task-related Runtime Commands provide the possi-
bility to end an assessment component formwithin the item.

NEXT_TASK: Ending a task and navigation to the next task is requested with the
NEXT_TASK-command, that can be assigned, for instance, to a component of type But-
ton.

 

 

A NEXT_TASK-command (either linked to a Button as described above in section 3.12
or triggered in th Finite-State Machine (see section 4.4.6) is required for each Task
if the test-taker should be able to end the Task. Typically only tasks ended by a
planned timeout implemented in the deployment software or tasks ended by an
external event triggeredby an interviewer or test-administrator haveno NEXT_TASK-
command.

If no next Task is defined within a CBA ItemBuilder Project Preview or a Task Preview
was requested, the NEXT_TASK-commandwill trigger themessage illustrated inFigure
3.140.

BACK_TASK /CANCEL_TASK: For controlling the flowbetween tasks inmoredepth,deploy-
ment software (see chapter 7) and theTaskPlayer-API (see section 7.7) can additionally
support the following commands:
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FIGURE 3.140: Preview message when calling the NEXT_TASK-command in the last
Task.

• BACK_TASK: Navigates to the previous task
• CANCEL_TASK: Cancels the current part of an assessment

 

 

FIGURE 3.141: Item illustrating Task-related Commands (html|ib).

3.12.2 Dialog-related Commands

Pages can be used to design Dialog pages and Popups windows (see section 3.15) by
configuring properties of the Frame (see Figure 3.155 for examples).

CLOSE / CLOSE_AND_NEXT_TASK: A specific CLOSE-command can also be used to close a
currently open dialog page. The runtime command can be used to close a dialog
page. Regular dialog pages can also be closed using the small “X” in the header if the
attribute Closable=true is used. If Closable=false is configured, then the small “X”
is not displayed in the header. Finally, the runtime command CLOSE_AND_NEXT_TASK
combines CLOSE and NEXT_TAKS.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskRelatedCommandsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskRelatedCommandsExample.zip
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3.12.3 Fullscreen-related Commands

The presentation of assessment content created with the CBA ItemBuilder is done
by deployment software (see chapter 7). It can be done in standard web browsers or
with a specific web browser component (embedded into a deployment software and
providing additional test security, for example, a kiosk mode; see section 7.2.3 for
more details). The CBA ItemBuilder provides simple Runtime Commands to switch
the display to full-screenmode intended for use directly in standard web browsers.

TRIGGER_FULLSCREEN/CANCEL_FULLSCREEN: The item shown in Figure 3.142 illustrates the
use of the commands TRIGGER_FULLSCREEN and CANCEL_FULLSCREEN. If the execution en-
vironment supports it, the command TRIGGER_FULLSCREEN can be used to switch to full
screen mode. Similarly, the full screen mode can be exited with the command CAN-
CEL_FULLSCREEN. Depending on the integration of the item (see chapter 7) in a deploy-
ment system or task execution environment, these functions are identical to the full
screen mode of the browser, or result in only the iframe containing the actual item
being displayed in full screen.

 

 

FIGURE 3.142: Item illustrating fullscreen-related Commands (html|ib).

 

 

Whether the fullscreen-related commands can be used within the CBA Item-
Builder projects or whether the control over the fullscreen mode must be imple-
mented by the execution environment depends on the deployment strategy and
the deployment software used (see section 7.2.3 for more details).

3.12.4 Clipboard-related Commands

The commands COPY, CUT and PASTE allow to create buttons that can be used at run-
time (i.e., for test-taker) to access the clipboardwhile answering tasks that use com-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FullscreenCommandsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FullscreenCommandsExample.zip
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ponents of type InputField. The example item shown in Figure 3.143 illustrates this
functionality.

 

 

FIGURE 3.143: Item illustrating clipboard-related Commands (html|ib).

3.13 Components for Special Page Types

 

 

Regular pages of type simple pagewere described in section 3.4.1. As shown in Table
3.10 additional page types are available in theCBA ItemBuilder for specificpurposes.
Thesemore specific pages types are listed in Table 3.10 and the components that can
only beusedwithpagesof that particular typeswill bedescribed in subsections 3.13.1
and 3.13.2.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ClipboardExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ClipboardExample.zip
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TABLE 3.10: Overview of advanced page types of the CBA ItemBuilder

Page Type Description

Task Bar Page

 

 

Several pages of type simple page can be connected with a
Task Bar Page in such a way that the test-taker can switch
between pages as if they were fullscreen applications.
Buttons are associated with pages, and a home page is
displayed when the button of type TaskbarStartButton is
clicked, or when an activated button of type TaskbarButton is
clicked again. Different layouts can be realized by altering
the position of the components of type TaskbarGroup and
ChildArea.

Tab Folder Page

 

 

Several pages of the simple page type can be connected to a
Tab Folder Page in order to simulate multiple tabs. Unlike the
Task Bar Page, however, all pages are equal and remain open
when clicked again. Different layouts can be realized by
altering the position of the components of type
TabfolderGroup and ChildArea.

Web Browser Page&
WebChild Page

 

 

A page type that acts as a frame for several subordinate
pages is aWebBrowser Page. A page of type web browser has an
area in which a page of type ‘web child’ can be displayed.
Transitions between simple pages and web browser-pages are
not possible via links, but require the finite-state machine.
Hence, the two page types are mainly used for specific task
layouts with browser-like navigation between (simulated)
web-pages.

For each page of a particular type, components of type Frame act as root element. As
shown in Figure 3.144, Framewithin pages of type Simple Page can contain Panels (see
section 3.5.2) and PageAreas (see section 3.5.4). The hierarchy shown in Figure 3.144
illustrates the general concept of containers and nesting elements within container
implemented in the CBA ItemBuilder (see section 2.11.4).

Figure 3.144 also shows that one specific component is required as the root element
for all other pages. Pages of type Tabfolder Page need a TabfolerFrame, pages of type
Taskbar Page are designed using a TaskbarFrame as the root element. The frame ele-
ments WebBrowserFrame and WebChildFrame are used only for pages of type WebBrowser
Page and WebChild Page.
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FIGURE 3.144:Hierarchy of components for different Page Types.

 

 

Depending on the Page Type, the appropriate top-level component must be used
(i.e., Frame, TabfolderFrame, TaskBarFrame, WebBrowserFrame or WebChildFrame) . The
CBA ItemBuilders context-sensitive Palette (see section 3.1.3) automatically shows
the element that can be used as the top-level component if a page of a partiular
Page Type is clicked in the Page Editor.

Frames are containers that canhost the components shown in Figure 3.144.The child
elements of frames can themselves be containers (i.e., Panels for SimplePages or the
equivalent containers shown inblue for other page types) or components that embed
other pages (PageAreas, ChildAreas or WebChildAreas).

3.13.1 Tabfoler and Taskbar Pages

The page types tabfolder and taskbar are special pages for implementing navigation
within items with multiple pages. Both page types require an area for displaying
simple pages (see ChildArea in Figure 3.144) and an area for displaying the navigation
buttons (each button is assigned a page via a link).Themain difference between the
two Page Types is the behavior of the buttons.

Tabfolder: An item using a page of type tabfolderwith three tabs (page1, page2 and
page3) is shown in Figure 3.145. A page of type tabfolder can contain a component of
type TabfolderGroup and a ChildArea. Only these two component types can be added
to TabfolderFrames (i.e., the root elements of pages of type tabfolder). The ChildArea
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links to a first page of type simpe page and the TabfolderGroup can contain additional
TabButton-components. The TabButton link to a simple page, so that clicking the Tab-
Button-components changes pages in the ChildArea.

 

 

FIGURE 3.145: Item illustrating page type Tabfolder (html|ib).

Taskbar: If an already selected button in a Tab Folder Page is clicked again, nothing
happens. In contrast, clicking on an already selected button in a TaskBar Page causes
the default page to be shown This default page is called the start page in Task Bar
Pages, linked to the correspondingbuttonof type TaskBarStartButton. An itemusinga
page of type taskbarwith three pages (startpage, page1 andpage2) is shown in Figure
3.146.

 

 

FIGURE 3.146: Item illustrating page type Taskbar (html|ib).

The contents of pages of the types tabfolder and taskbar are created as a module of

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TabFolderExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TabFolderExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskBarExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskBarExample.zip
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the type simple page (see section 3.3) and bound to buttons via links (see section 3.11).
Further links between simple pages are also possible.

It is important to point out that the special page types tabfolder and taskbar are only
simplifications for functionality that can also be implemented with PageAreas and
the dynamic part introduced in chapter 4.

3.13.2 Browser Pages (Web Browser and Web Child)

The CBA ItemBuilder also supports the implementation of simulated hypertext en-
vironmentswith the page types Web browser and Web child. A page of type Web browser
forms the outer frame onwhich typical browser buttons, an address bar, and an area
for displaying pages of type Web child can be placed as components.

An example illustrating an assessment component implemented in the CBA Item-
Builder using Browser Pages can be found in Figure 3.147.

 

 

FIGURE 3.147: Item illustrating page types WebBrowser and WebChild (html|ib).

Web Browser: To create a simulated hypertext environment, a page of type web
browser can be used that allows to host two types of components. The WebChildArea
define the place at which the embedded pages of type web child are shown.The Web-
BrowserToolbar component hosts the specific browser buttons that simplify the im-
plementation of simulated hypertext environments. Browser pages bring a built-in
browsing history, buttons for forward and back navigation, a home button and a
bookmark function. Figure 3.148 summarizes all components that can be added to
WebBrowserToolbars.

Often, the actual task or instruction should be displayed in addition to the simulated
web environment. This example illustrates the use of xPage layouts well. The item
in Figure 3.149. uses an xPage to display the Task and next to it a page of type Web

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleWebBrowserExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleWebBrowserExample.zip
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FIGURE 3.148:Overview of components for web browser.

browser.The actual simulated hypertext pages of type web child are embedded in the
Web browser page via a component of type WebChildArea.

 

 

FIGURE 3.149: Item illustrating ‘xPage’-layout with browser pages (html|ib).

Deprecated Features / Features under Development: The components of type Web-
BrowserFrame (i.e., the root elements for pages of type web browser) provide the prop-
erty Is Tabbed that can be used to implement tabbed browsing. However, the layout
of tabbed browsers cannot be configured entirely, and links always open a new tab
(hence, making the navigation buttons of WebBrowserToolbars obsolete).26

26See more examples in file TabedWebBrowserExample.zip.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WebBrowserAndXPageExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WebBrowserAndXPageExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TabedWebBrowserExample.zip
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3.14 EmbeddingHTMLContent

3.14.1 Compoment ExternalPageFrame

 

 

The CBA ItemBuilder allows the inclusion of HTML content in pages using the Ex-
ternalPageFrame-component.There are twooptions providedhowHTMLcontent can
be included. Either, theHTMLpage and all used resources (e.g. images, audio/video
files, CSS style sheets and JavaScript files) are added to the itemproject as embedded
resources (Local). In this case, the CBA ItemBuilder items are delivered as internal
resources. Embedded resources can also be used, for example, in an offline delivery
(see section 7.2.2). Or the external contents are only integrated via a URL (External).
In this case, it is necessary that the embedded resources are available at runtime and
can be loaded from the browser via theWeb. ExternalPageFrames can be defined to be
transparent.

Components of type ExternalPageFrame can be selected from the palette as described
above (3.7) and added to a container, e.g. a Panel. Size and position of embedded
HTML content can be defined in the visual designer (see 3.7.1). The HTML content
is assigned to the component via the context menu using the entry Set Page Address
(see Figure 3.150).

 

 

FIGURE 3.150:Context menu of ExternalPageFrame-components.
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The dialog Set theURL allows specifying fromwhichURL the content for this compo-
nent is provided (see Figure 3.151). A Local URL can be defined if the content is pro-
videdaspart of the item (includedusing theEmbeddedHTMLExplorer), or the content
references an ExternalURL that needs to be accessible at runtime (see section 7.2.2).

 

 

FIGURE 3.151:Dialog Set URL to configure ExternalPageFrames.

Regardless of the source from which the embedded HTML content is obtained at
runtime, it is possible to exchange information between the embedded HTML con-
tent and the item. This is described in section 4.6.2. In the design view of the CBA
ItemBuilder, the embedded HTML content is not displayed, that is, it will be visible
only when previewing the item (see 1.4).

3.14.2 Using the EmbeddedHTMLExplorer

Tomanage the local resources (i.e., the content in static files27 that can be delivered
with the item project), the CBA ItemBuilder provides the Embedded HTML Explorer.
The HTML Epxorer provides all necessary functions to add files as external-resources,
organize them into folders, delete them, rename them and export them from the
item project, if necessary (see context menu, shown in Figure 3.152).

To display the content of an HTML, CSS or JavaScript file, the entry Open or Open
With System Editor can be selected. The screenshot in Figure 3.153 shows an HTML
file opened in theHTMLExplorer of the CBA ItemBuilder.

A warning is displayed if you try to open a file that cannot be opened in HTML Ex-
plorer (see Figure 3.154).

27By default the CBA ItemBuilder supports Text files (.htm, .html, .css, .scss, .less, .js, .txt, .json), Images
(.gif, .jpg, .jpeg, _min.png, .bmp) andMedia Files* (.mp3, .flv, .mp4, .webm, .ogv, .ogg, *.wav) as external
ressources.
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FIGURE 3.152:Context menu of the EmbeddedHTMLExplorer.

 

 

FIGURE 3.153:HTML document opened in anHTMLEditor.

 

 

It is important to note that content inserted via ExternalPageFrames as HTML and
JavaScript cannot be used for long-term storage and archiving of items and must
be tested independently of the browsers supported by the CBA ItemBuilder.

Caution Note about the use of HTML5 and JavaScript in ExternalPageFrames: As de-
scribed in section 2.11.2, theCBA ItemBuilder separates the assessment content and
the technical implementation required for rendering the items. This separation is
impossiblewhen assessment content is only embeddedwith ExternalPageFrames. Ac-

 

 

FIGURE 3.154:Warning shown by the EmbeddedHTMLExplorer.
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cordingly, it is not possible to adjust the display of items by updating the CBA Item-
Builder, for example, if functionality can no longer be used in new browsers or er-
rors are detected in the embedded content.Due to this restriction, the use ofHTML5
and JavaScript in ExternalPageFrames is suggested only in scenarios where resources
to update or modify the embedded content are available at the time when items are
created and as long as the items are planned to be used or maintained (see also the
list of pros and cons in section 4.6.1).

Pros andConsofEmbeddedHTMLContent:The use of embedded content can offer
significant advantages, as it allows to implement item formats, dynamic behavior
and interactivity within CBA ItemBuilder items of any kind, including the use of
advance libraries, web assembly code and more. However, this huge flexibility also
comes with limitations. Pros and Cons are briefly summarized in the following list:

• Pro: ExternalPageFrames can link to HTML content distributed with the CBA Item-
Builder project file and to content included in online deliveries directly from exter-
nal sources. If, for example, content can only be included by external links for legal
reasons, the ExternalPageFrame is essential. Of course, if content is only integrated
via URL, the delivery must be online and allow access to online resources. If the
conted embedded as ExternalPageFrame is part of the CBA ItemBuilder project file,
it will be deployed using the directory external-resources (similar to the resources
used by the item, deployed using the directory resources of the project file).

• Pro: Parts and components that are difficult or impossible to implement with the
objects and techniques of the CBA ItemBuilder can be quickly taken over from
existing Web applications or easily programmed in HTML5 (i.e., with HTML and
JavaScript). The possibility of including and integrating content as ExternalPage-
Framewithin CBA ItemBuilder projects is therefore responsible for this tool’s flex-
ibility, extensibility, and openness.

• Pro: If assessment components already exist as HTML programs and do not re-
quire long-termmaintenance, integrating these components as ExternalPageFrame
is useful to enable the reuse of existing content. If more complex ideas are to be
tried and tested, rapid prototyping practices can also be implemented using Ex-
ternalPageFrames.

• Con: Assessment content created with the pre-built components of the CBA Item-
Builder automatically provides log events (see section 2.8). If external content is
only embedded in assessments using ExternalPageFrames, the programming of the
external content must independently capture necessary log events and integrate
them into the log data of the test delivery using the provided interface (see section
4.6.2).

• Con:Content that is tobeusedviaExternalPageFrames inCBAItemBuilderproject
files must be tested with regard to its display in all planned browsers (cross-
browser testing, see section 8.4.1).
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• Con:The assessment components created with the CBA ItemBuilder are currently
executed in HTML environments. From the model defined by item authors (see
section 2.11.2), a JSON configuration is generated for execution in the browser,
which can be executed and displayed by a JavaScript runtime. This JSON configu-
ration is updated by opening a project file of an older version of theCBA ItemBuilder
in the latest version. Older contents (in the form of CBA ItemBuilder project files)
then profit from possible further developments and error corrections, e.g., with
regard to the requirements of modern browsers. This process forms the basis of
the migration strategy (see section 3.2.1 and also section 8.7.3) and does not apply
to content inserted directly as HTML / JavaScript via the ExternalPageFrames.

• Con: From the perspective of a tool for creating computer-based assessments by
item authors, probably the most significant challenge for the long-term use of
components as embedded HTML resources is the care and maintenance of these
components. Depending on the integrated components’ complexity, questions of
knowledgemanagement, and documentation of the source codemay become nec-
essary or relevant.

3.15 Pages as Dialogs (Popups)

 

 

The CBA ItemBuilder allows showing pages as Dialogs (Popups). Dialogs are usually
designed using pages of type Simple Pages (see 3.4.1), and dialog-pages support all
features and components that are available for their particularPageType. Figure 3.155
illustrates the use of dialog pages for various purposes.

As shown in Figure 3.156, the definition of a particular page as dialog can be config-
ured in the Properties view. To define a page as dialog page the property Dialog (in the
section Misc) of a page’s Framemust be specified either as DIALOG or MODAL_DIALOG)28.

28Bydefault, all frames are configured as UNDEFINED. Accordingly, to change a Frame configured as dialog
back a regular page, select UNDEFINED as value of the property Dialog.
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FIGURE 3.155: Item illustrating dialog pages (html|ib).

 

 

FIGURE 3.156:Definition of a Frame as DIALOG in the Properties view.

 

 

Pages can be configured as dialogs in the CBA ItemBuilder by setting the ‘Dialog’
property to the value ‘DIALOG’ or ‘MODAL_DIALOG’.

3.15.1 Properties of Dialogs

The creation of dialog pages with the CBA ItemBuilder is done via properties of the
‘Frame.’ The dialog type (regular dialogs vs. modal dialogs), the display of a header
with a button to close the dialog (closable dialogs), and the start position for dialog
pages can be configured.

Modal vs. Non-Modal Dialogs: The CBA ItemBuilder distinguishes between two
kinds of dialog pages (DIALOG and MODAL_DIALOG). A modal dialog is displayed exclu-
sively on the screen.The content of the current page is still displayed as the underly-
ingpage, but is darkened. In contrast, a non-modal dialog allows further interaction
with the content of the underlying page.

Figure 3.157 illustrates the difference between Modal and Non-Modal (regular) di-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DialogMockupExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DialogMockupExamples.zip
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FIGURE 3.157: Item illustrating modal dialogs (html|ib).

alogs.29Modal dialog pages are especially suitable for alerts andmessages boxes that
must be seen in any case. The presentation of modal dialog pages allows content of
the item to be blocked. In contrast, non-modal dialog pages are useful if, for exam-
ple, item content should remain visible and usable, as is the case with a calculator or
for digital scratch paper.

The dialog pages that can be opened in Figure 3.157 using the buttons Closable Dialog
and Non-Closable Dialog are not modal. Although they hide a part of the item, the
item content can still be changed in the background. The checkbox can be selected
and text can be entered into the SingleLineInputField.This kind of interaction is not
possible for the dialogs that can be called with the buttons ClosableModal Dialog and
Not-ClosableModal Dialog.

Closable vs. Not-Closable Dialogs: As shown in Figure 3.157, another property de-
termines the appearance and behavior of dialog pages: Cosable. Dialog pages that
are configured as Closable = true can be closed using the small icon

 

 

located in
the title bar, that is added by the CBA ItemBuilder to closable dialogs. In contrast,
dialogs configured as Closable = false don’t show a title bar. If and howdialog pages
with the property Closable = false can be closed can be defined and controlled by
the item author.

 

 

Components of type Frame provide the property Closable (true or false) that can be
used to configure the behavior of dialogs.This property is only relevant, if the Frame
is configured as either as DIALOG or MODAL DIALOG in the property Dialog.

Start PositionofDialogPages: Dialog pages appear at runtimewithin the displayed

29For more examples see the project DialogMockupExamples.zip shown above, in which all modal di-
alogs are marked withM.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleDialogExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleDialogExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DialogMockupExamples.zip
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area of a CBA ItemBuiler project file defined by the CBAPresentation Size (see section
3.2.2). Pages configured as dialogs should therefore not be larger than the CBA Pre-
sentation Size.The position at which dialogs are displayed is determined by the X and
Y coordinates of the component of type Frame,which is inserted into a dialog page.

Transparent Dialog Pages: For advanced designs of complex assessment compo-
nents with the CBA ItemBuilder, it can also be useful to design dialog pages trans-
parently. This functionality is only available for dialogs with the property Clos-
able=false and can be configured by defining both Frame and Panel as Transpar-
ent=true (see Figure 3.155 for an example). In combination with transparent im-
ages as background (see section 6.2.1) this allows to implement dialogs with non-
rectangular shape in the CBA ItemBuilder.

3.15.2 Opening and ClosingDialogs

Pages whose Frame is configured as dialog (i.e., Frames with a value DIALOG or
MODAL_DIALOG in the propertyDialog) can be displayed using different methods.

Open Dialog via Link: The easiest way to display a dialog in the CBA ItemBuilder
is to link to a page that has been configured as a dialog. Using this approach, all
components that can link to a different page (see section 3.11) can be used to open
and show a dialog.

Open Dialog Pages with openDialog()-Operator or States: Two different mecha-
nisms are available for displaying dialog pages fromwithin the dynamic part of CBA
ItemBuilder items. As described in section 4.4.6, dialog pages can be opened using
a so-called operator (the openDialog()-operator).When this operator is executed (ei-
ther within a Transition or as part of a Conditional Link), the page with the provided
PageName as argument will be shown as dialog. Moreover, pages (in general) as well
as pages configured as dialog pages can be assigned to States of the Finite-state Ma-
chine (see section 4.4.9). If a State is assigned to a pages configured as dialog, the di-
alog will appear as soon as the particular State becomes the Current State (see section
4.4.2).

Depending on the configuration, dialog pages can also be closed or hidden in differ-
ent ways.

User Interaction to Close Dialog: Dialog pages defined with the property Clos-
able=true can be closed at runtime at any time using the small icon in the dialog
header.

Runtime Command ‘Close’: Dialog pages can also be closed using the Runtime Com-
mand CLOSE and CLOSE_AND_NEXT_TASK (see section 3.12.2). Using this technique, as
shown in the example in Figure 3.157, Buttons can be defined to close dialog pages.
For that purpose, a runtime command is assigned to the button.

For advanced applications, it may also be necessary to track in the logic layer of the
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CBA ItemBuilder whether a dialog has been closed. Such an application must pre-
ventunsupervised closingof dialogpageswith theproperty Closable=false.Compo-
nents of type Button can thenbeused to close thedialog (using the runtimecommand
CLOSE) and trigger an FSMevent (see section 4.4.3, which can then be processed in the
logic layer of the CBA ItemBuilder.

CloseDialogPageswithcloseDialog()-Operator:DialogpageswithaparticularPage
Name can also be closed from the finite-statemachine with the help of the closeDia-
log()-operator (described in section 4.4.6).

3.15.3 Links inDialogs

As described above, dialog pages are opened when a link directed to them is acti-
vated. According to the separation into pages of different areas, xPages can refer to
dialogs defined as xPage. Regular pages cannot link to dialogs (and pages) that are
not defined as xPage.

However, dialogs can contain links (see 3.11. Links to other dialogs are opened as
dialogs, links to regular pages are opened as regular pages.Therefore, as Figure 3.158
shows, two dialog pages can be displayed at the same time: A dialog of an xPage and
a regular dialog.

 

 

FIGURE 3.158: Item illustrating dialog pages with links (html|ib).

 

 

Dialog pages defined as xPage can link only to other xPages configured as dialogs.
Likewise, dialogs not specified as xPage cannot link to other xPages.

The separation of regular pages (and regular dialogs) and xPages (and xPage dialogs)
is maintained even if pages are linked to states (see section 4.4.9).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinkDialogAndXDialogsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinkDialogAndXDialogsExample.zip
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The CBA ItemBuilder is an authoring tool that allows defining simple and complex
items using different editors. In the previous chapter 3, the Page Editor was intro-
duced for creating static content. The Page Editor together with the Palette allows to
design pages uses a graphical representation of components and point & click tech-
niques. Moreover, the Properties view was used to define and change detailed infor-
mation for a selected component.The CBA ItemBuilder also uses text-based syntax
to enrich the items with dynamic content, if necessary, for complex items.

Example: Beforewedescribe the various uses of the syntax in detail, we startwith an
elementary example illustrating the CBA ItemBuilders’ logical layer (i.e., the finite-
state machine idea) that rests on this text-based syntax. Imagine, we want to im-
prove the usability of a drag-and-drop item, to make the computer-based assess-
ment more accessible to all students. For that purpose, we want to show a tiny hint
on how to respond using the drag-and-drop user interaction. We use a modal dia-
log (see section 3.15) that is shown if a button with a question mark is clicked (see
Figure 4.1). However, let’s assume that we want to hide this button as soon as the
student interacted with the item showing that they are familiar with the drag-and-
drop technique. That means, as soon as one element was successfully moved in a
drag-and-droporder interaction,wewant tohide thebutton for requesting thehint.
Accordingly, the item technically should distinguish two states: In the first condi-
tion (state State_Hint_Visible), we do not yet know whether the test-taker knows
how to answer the question. Therefore, the hint button should be visible that ex-
plains how the items can be answered. As soon as the test-taker has shown that
they can respond to the task using the drag-and-drop technique, this hint is no
longer necessary. Accordingly, the item should change into a different condition
(state State_Hint_Invisible). So in the state State_Hint_Invisible, the button should

245
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be invisible, and the first drag-and-drop operation can be used to trigger the change
from state State_Hint_Visible to state State_Hint_Invisible.

 

 

FIGURE 4.1:Example for a hint button disabled using states (html|ib).

To get an insight into the logic layer of theCBA ItemBuilder,which is designedusing
Finite-StateMachines, at runtime, you can request support in the Preview.

State Machine DebugWindow: For the dynamic content, the CBA ItemBuilder of-
fers a built-in State Machine DebugWindow. Similar to the Scoring DebugWindow (see
section 1.5.2) and the Trace DebugWindow (see section 1.6.2), the StateMachine Debug
Window can be requested using a hotkey (default is Strg / Ctrl + M, see appendix B.4
for details).

 

 

FIGURE 4.2: Screenshots of the StateMachine DebugWindow (html|ib).

The State Machine Debug Window shows states and variables that can determine at
runtime the appearance and behavior of assessment components created with the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowHintStateExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowHintStateExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowHintStateExampleStateMachineDebugWindow/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowHintStateExampleStateMachineDebugWindow.zip
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CBA ItemBuilder. Variables that can be defined (see section 4.2) are listed, together
with the values of the variables at the time the State Machine Debug Window was
opened. Below this, the Current State (for each Finite-StateMachine, see section 4.4.2)
is displayed, followed by the list of already visited States. Finally, the FSM events that
have just occurred (see section 4.4.3) are displayed.

4.1 Syntax Overview

 

 

To implement dynamic itemcontents, theCBA ItemBuilder provides editors for var-
ious forms of text-based syntax. The different syntax types are designed in such a
way that no specific programming knowledge is required and the different editors
support editing and correcting syntax. Hence, although the ItemBuilder is primar-
ily a graphical tool, some advanced features require the use of simple syntax expres-
sions. Apart from the basic similarity of syntax variants, there are specific operators
and syntax rules, which are described in the corresponding sub-sections:

• Task Initialization (i.e., syntax-based configuration of Tasks, see section 4.5)
• Finite-State Machines (i.e., internal logic layer of the CBA ItemBuilder capable to
change behavior and visual presentation of items, see section 4.4)

• Conditional Links (i.e., links that change the link target according to conditions, see
section 4.3)

Syntax will also be used in the next chapter to combine information from the re-
sponse (e.g., component states from input components such as RadioButtons, Check-
Boxes, SingleLineInputFields, etc.) and probably the response process (e.g., visited
pages, occurred states, values of variables, etc.) to outcomes:

• Scoring (i.e., the definition of hits conditions using a scoring syntax, see chapter 5)

The graphical user interface allows the definition of the visible elements assessment
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components such as items and instruction pages.However, computer-based assess-
ments’ full potential can only be realizedwith theCBA ItemBuilder by using the syn-
tax components.

4.1.1 Basic Syntax Elements

The various definitions, which aremade in the CBA ItemBuilder using a syntax that
is easy to learn, are based on common design principles.

UserDefinedIds: To refer to components that have been created and placed in the
Page Editor in the Drawing Area, the UserDefineId is always used (see section 3.7.4).
Since these identifiers must always be unique within a CBA ItemBuilder Project File,
each component can be referenced by the string that was defined as UserDefinedId.
UserDefineIds can be used to name components or to query or evaluate the state of
components.

If components can occur multiple times within a task, for instance, because a
PageArea can be included multiple times (see section 3.5.4), the UserDefinedId of the
container inwhich components are nested usedmust be included (see section 4.1.4).

Operators: In addition to the UserDefineIds, predefined keywords also form the
syntax provided by the CBA ItemBuilder. These keywords mark Operators that can
be used to apply changes to components or to perform more specific evaluations
of component states in scoring conditions. Operators follow a common scheme:
name(arguments). The operators are distinguished by their name and the different op-
erators can have arguments, but do not have to. The meaning of the arguments is
determined thereby over the order and defined for each operator. Arguments are
specified in quotation marks if they are strings. Multiple operators can be listed,
depending on the context, using spaces (Conditional Links, see section 4.3.3; Task Ini-
tialization rules, see section 4.5), commas (Actions in finite-state machine rules, see
section 4.4.6) or combined by logical expressions (Scoring Conditions, see section 5.3.2).

 

 

The exact spelling (including upper and lower case and underscores) must be fol-
lowed for operators in CBA ItemBuilder syntax.

Auto-Completion: A useful helper for syntax creation is auto-completion. To enable
this feature, press Ctrl + Space (Strg + Space) in a syntax editor of the CBA Item-
Builder. Available operators and existing UserDefinedIds are then displayed and se-
lected by pressing Enter.

Auto-completion is available in the editor for creating conditional links (see section
4.3), in the editor for defining state machine events and rules (see section 4.4), in
the editor for defining the task-initialization (see section 4.5), and in the editor for
scoring rules (i.e.,Hit- /Miss-conditions, see section 5.3).
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FIGURE 4.3: Screenshot of the Auto-Completion feature in syntax editors.

 

 

Auto-completion simplifies the definition of syntax in the CBA ItemBuilder since
valid syntax elements (operators, UserDefinedIds, etc.) are automatically sug-
gested after pressing Strg+Space / Cntr+Space.

With a small red icon, errors within syntax definitions are automatically detected
and displayed.

4.1.2 Comments

In all syntax flavors Comments can be defined to document and describe purpose
of particular part of the syntax. To mark a line as a comment in a syntax, add two
slashes left to the text that should be treated as comment (e.g., (...) // My Comment
). Everything in the remaining line of a syntax right to the //will be ignored.

 

 

Using the comment function to document syntax is highly recommended to struc-
ture syntax and to simplify the readability of syntax.

Multiple lines can be commented by starting either each line with // or using the
syntax /* Comment (that can multi-line text) */. Everything between /* and */ is
ignored as interpreted as comment, even if it spans multiple lines.

4.1.3 Logical Expressions and Bracketing

The CBA ItemBuilder syntax is not a complex programming language and requires
only to learn few keywords (mainly, the so-called operators, see 4.4.6). However,
three crucial points must be acknowledged to use the CBA ItemBuilder syntax ca-
pabilities efficiently, as described in the following.
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Case Sensitive: All syntax statements are case-sensitive. This applies to UserDefine-
dIds (see section 3.7.4), to the operators (see section 4.4.6), the keywords Events: and
Ruleswhich are used to structure the Finite-State Machine syntax, and the Logical Ex-
pressions. Use the Auto-Completion (see section 4.1.1) to avoid invalid syntax due to
wrong capitalization.

LogicalExpressions:TheCBA ItemBuilder can logically link or negate statements in
the different syntax variants, e.g., logical conjunction (and), logical disjunction (or)
and logical negation (not). For the formulation of logical expressions, the keywords
true and false are additionally available. For example, if true is specified as a condi-
tion, this condition is always fulfilled.

 

 

Logical expressions must always be written in brackets with two components
(pairs)!

Bracketing: Logical expressions in the syntaxof theCBAItemBuildermust alwaysbe
formulated in such a way that not more than two expressions occur within one pair
of brackets. For more than two statements, this requires nesting the statements, as
illustrated with the following examples:

• Logical conjunction of two conditions: ( Condition1 and Condition2 )
• Logical disjunction of two conditions: ( Condition1 or Condition2 )
• Logical negation of a condition: not Condition
• Logical conjunction of three conditions: ( ( Condition1 and Condition2 ) and Con-
dition3 )

– Can be considered as two conjunction A: ( Condition1 and Condition2 ), B:
Condition3,

– combined to ( A and B ).

• Logical negation of a conjunction of three conditions: not ( ( Condition1 and Con-
dition2 ) and Condition3 )

– Can be considered as two conjunction A: ( Condition1 and Condition2 ), B:
Condition3,

– combined to C: ( A and B ), and
– negate as not C.

• Logical negation of a conjunction of three conditions (two with negation): not ( (
Condition1 and not Condition2 ) and not Condition3 )

The CBA ItemBuilder has a built-in syntax checker that identifies errors with small
icons andmouse-over texts.Writing syntax in several lines andusing comments can
help write maintainable valid syntax for complex statements.
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4.1.4 UserDefinedIds ofNested Pages in Syntax

Special rules apply, if pages are nested. For instance, if components of the type
PageArea are used for the design of pages, then the components defined on the em-
bedded page can appear several times within a Task because using the same embed-
ded pagemultiple times is possible.Thismeans that the UserDefinedId is defined for
the embedded page are no longer sufficient to uniquely identify a particular com-
ponent. However, each PageArea itself has its own UserDefinedId. In order to be able
to use components on nested pages such as PageAreas in the syntax of the CBA Item-
Builder, the UserDefinedId of the container (i.e., the PageArea) must be used as a pre-
fix:

 

 

References to components on embedded pages such as PageAreasmust be specified
in the form UserDefinedId_of_the Container.UserDefinedId_of_the_Component.

Thesyntax editordoesnot check if a component is onapage referencedbya PageArea.
Ignoring this rule is a common source of errors for conditions and operators in con-
ditional links (see section 4.3.4), finite-state machine operators (see section 4.4.6),
and scoring (see section 5.3.9).

4.1.5 Argument Indices

At selected points in the syntax, the CBA ItemBuilder allows so-called argument in-
dices. For example, the operator trace_text(Argument), which can be used to insert a
text into the trace log of the CBAItemBuilder, can be usedwith an argument list (see
section 4.4.6). If only a string argument is used, for instance, the string My custom
log information can be inserted into the log data:

trace_text("My custom log information")

If an argument index is used in the first string argumentwith the syntax %{Index}$s,
values of variables can be inserted into the created log entry. With this syntax any
number of additional values can be inserted into the first string argument, based
on an index starting with 1. In the following example, the values of the Variables (see
section 4.2) myVar1 and myVar2 are used:

trace_text("My custom log with value %1$s for variable myVar1 and
value %2$s for variable myVar2", myVar1, myVar2)
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When this operator is called, and assuming the values 10 for myVar1 and 5 for variable
myVar2, the following text would be added to the trace log: "My custom log with value
10 for variable myVar1 and value 5 for variable myVar2"

Argument lists can be used for the trace_text()-operator (see section 4.4.6 for an
example) and for the result_text()-operator (see section 5.3.10 for an example).

4.2 Variables and ValueMaps

 

 

Variables are placeholders for values of a particular variable Type, used in the logic
layer of CBA ItemBuilder projects.

 

 

Variables in the CBA ItemBuilder are either of type INTEGER (i.e. can only contain
numbers without decimal places), NUMBER (i.e. floating point numbers with a spe-
cific accuracy), STRING (i.e. text represented as characters) or BOOLEAN (i.e. logical
values true or false).

Variables can be used for various purposes, for instance, in conditions of the finite-
state machine rules (see section 4.4.5) or to adapt the presentation of text, numbers
or images 4.2.5. Tomap values of Type INTEGER to text, images, audio and video files,
ValueMaps are used (see section 4.2.4).

Variables are created in the CBA ItemBuilder by specifying a unique Variable Name
on the project level (see section 4.2.1) and by defining the Type of the variable and an
initial value. Variables are globally available across different states of the finite-state
machine(s) and can be used by different pageswithin a project. In thisway, variables
provide away represent addition information across states and this information can
be used to control the behavior and the visual presentation of complex items within
Tasks.The initial value of variables is defined (see section 4.2.1 and can be adopted to
Task-specific values using Task InitializationRules (see section 4.5). Values of variables
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can also be changed within transitions of the finite-state machine (i.e., using Oper-
ators as described in subsection 4.4.6). Moreover, variables can be linked to specific
input components (see section 4.2.2).

Variables can be used at various places, for instance, to formulate conditional rules
in the finite-state machine (see 4.4.5). Moreover, in connection with ValueMaps (see
section 4.2.4) and Map-based Value Displays (see subsection 4.2.5) variables play an
essential role for the connection of static and dynamic content. In the following,
Variables are introduced in more detail beginning with their definition (see section
4.2.1). Specific values of variables can be labeled by naming them (see section 4.2.1).

4.2.1 Introduction

Variables are defined in the Browse Variables view of the CBA ItemBuilder that can be
requested using the entry Browse Variables of the menu Project (or using the icon

 

 

). After requesting Browse Variables an editor opens up in the right part of the CBA
ItemBuilder as shown in Figure 4.4 (see also section 3.1.4).

 

 

FIGURE 4.4:Editor for Variables.

Variable Definition: Adding new variables with the button Add Variable and edit-
ing existing variables using the button Edit opens the dialog Set Variable attributes
as shown in Figure 4.5. The Name of variables must be unique and follow the rules
already described for project names and page name (i.e., only letters, digits, and
underscores are allowed and the first character must not be a digit).

Each variable requires a Type (either INTEGER, NUMBER, STRING or BOOLEAN) and the pro-
videdValuemustfit to thevariableType.Thevalue is only thedefault valueof variables
that can be changed in various was.

Named Variable Values: Individual values of variables can be assigned to labels.
These so-called Named Values help to make syntax that uses the variables easier to
read and understand.
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FIGURE 4.5: Set Variable attributes dialog.

 

 

Specific values can be defined asNamedValues for a better readability of CBA Item-
Builder syntax.

For defined variables the button Add Named Value can be used to add newNamed Val-
ues (and the buttons Edit and Delete can be used to modify or removed Named Val-
ues).Named Values are CBA ItemBuilder’s approach to improve readability of syntax
that implements different interpretation on specific values of variables. Instead of
adding a comment that the value 1 represents, for instance, Visited and the value 2
of a variable representsNot Visited, named values can be defined for variable values.

 

 

FIGURE 4.6: Set Named Value attributes dialog.

Named variables can be used to structure the syntax of finite-state machines (see
section 4.4). To display different labels according to variable values, so-called Value
Maps can be used as described in section 4.2.4).

ChangeVariableValues:Theprerequisite touse variables fordynamic content is that
values of variables can be changed at runtime, either in connectionwith a user inter-
action or based on triggering events, such as time-controlled finite-state machine
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events. Values of variables can be changed with different mechanisms, which are
listed in the following:

• Special input elements (so-calledValue Inputs) canbe bounddirectly to variables, so
that a change to the input elements directly causes a change of the variable values.
Details about Value Inputs are described in the section 4.2.2.

• Drag-and-drop operations can also be used to change the values of variables. The
drag-and-drop fields (using so-called MapBasedVariableDisplays) are assigned to
variables whose values are changed by the drag and drop user interaction. A de-
tailed description of the possibilities for implementing drag and drop in the CBA
ItemBuilder can be found in the section 4.2.6.

• Variable values can be set or changed using set()- and reset()-Operators in Con-
ditional Links (see section 4.3.3) and in Rules of the Finite-State Machine (see section
4.4.6).

Variables keep their values across page (and state changes in the finite-state ma-
chine, below). Thus variables can be used to represent additional information that
describe the behavior and visual presentation of items, in addition to the Current
State of finite-state machine(s).

Use Variable Values: The value of variables can be used fur different purposes, for
instance, to display dynamic numbers, texts, images and videos (see section 4.2.5),
to specific conditions for scoring (see section 5.3.5) or to create conditional Finite-
StateMachine Rules (see section 4.4.5).

4.2.2 Value Inputs

The CBA ItemBuilder provides some components, that change the value of Vari-
ables in line with user interactions. In particular sliders (ScaleVariableInput), spin-
ners (SpinnerVariableInput) and input fields (VariableValueInput) are directly linked
to variables of type INTEGER (see Figure 4.7).

Link Variables to Components: Components that can be linked to variables (e.g.,
Value Inputs) provide a contextmenu entry LinkVariable as shown in Figure 4.8. Anal-
ogous to the definition of Links, the use images, audio and video files, the assign-
ment of Events and Value Maps, the connection of components to variables is made
via the context menu entry Link Variable.

Components of type VariableValueInput and SpinnerVariableInput only need to be
linked to a variable. Changes in the input immediately change the value of the linked
variable. Components of type ScaleVariableInput also need to be linked to a so-called
ValueMap (see section 4.2.4).
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FIGURE 4.7: Item illustrating the use of variables and value inputs (html|ib).

 

 

FIGURE 4.8:Context menu in the Page Editor to Link Variables.

AttachScaleValueInput toButtons: Componentsof type Button (see section3.11.2) can
be linked directly to ScaleValueInput so that a click on a particular button increases
or decreases the value of the linked variable. The numerical value to increase or de-
crese the variable must be specified as the property Increment in the Properties view
(can be a positive or negative integer number, default is 0). To assign a Button to a
ScaleValueInput use the entry Attach ScaleValueInput in the context menu of a Button
in the Page Editor and select the ScaleValueInput in the dialog (see Figure 4.9).

 

 

FIGURE 4.9:Dialog for assigning a Button to a ScaleValueInput.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ValueInputExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ValueInputExample.zip
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4.2.3 Variable ValueDisplays

An essential use of variables is to display valueswithin assessment components, i.e.,
on the side of an item. For this use case, VariableValueDisplays are provided as com-
ponent that show the value of linked variables plain and unchanged. Examples of
using components of type VariableValueDisplay can be seen in the right part of Fig-
ure 4.7 and in Figure 4.10.

 

 

FIGURE 4.10: Item illustrating layout option for VariableValueDisplays (html|ib).

Layout: Font family, font size and font color, text alignment and text decoration as
well as borders and transparencyof VariableValueDisplays canbedefined in theProp-
erties view.

Events: VariableValueDisplays raise an FSM Event (see section 4.4.3 and Figure 4.35)
and the Variable Displays as well as Maps-based Variable Displays (see section 4.2.5)
can be used to implementDrag-and-Drop user interactions (with the additional FSM
Events, see section 4.2.6).

4.2.4 ValueMaps

Variable values can not only be displayed 1:1, but can also be displayed as images,
audio or video files or as text with the help of translation tables. The assignment of
values of a variable to other values is defined in the CBA ItemBuilder with the help
of ValueMaps.

Value Maps are defined in the Value Maps view of the CBA ItemBuilder that can be
requested using the entry Browse Value Maps of the menu Project (or using the icon

 

 

). After requesting Browse Value Maps an editor opens up in the right part of the
CBA ItemBuilder (see also section 3.1.4).TheValueMaps viewas shown inFigure 3.1.4

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableValueDisplayLayoutExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableValueDisplayLayoutExamples.zip
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contains an upper table of all defined ValueMapswith a ValueMapDetails view in the
lower part.

 

 

FIGURE 4.11:Editor for ValueMaps.

Value Maps can be added using the Add button in the upper table, requiring a name
that can be changed using the Edit button.The valuemaps in the upper table can be
re-ordered using buttons Up and Down.

Once a Value Map has been created and selected in the upper table, new entries can
be added with the Add button andmodified with Edit.

In the example in Figure 4.11, the ValueMap M_Example is selected in the upper pane,
so the Value Map Details view shows the defined values. For each definition a Guard
is necessary, together with at least one text, one image, one audio resource or one
video resource. It is also possible to assign different resources directly to aGuard. In
the example in Figure 4.11, Guards 1, 2, 3, and 4 are each assigned a text, an image,
and a video.

 

 

FIGURE 4.12:Dialog Set valuemap detail entry attributes.

Text resources can be defined directly in the editor in Figure 4.12 by typing. Images,
audio, and video files refer to the resources imported via the Resource Browser (see
section 3.10.1) in a CBA ItemBuilder Project File.

For the definition of Guards, a choice can be made between the Default Value (i.e.,
the value when no otherGuard applies), a single numerical value (Single Value), and a
range between two numerical values (Interval), see Figure 4.13).
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FIGURE 4.13:Dialog for defining Guards using the dialog Set value for columnGuard.

Variables and Value Maps are permanently assigned to components when designing
pages. However, both can be freely combined between different components, i.e., a
Variable can be used with one Value Map in one component and with an additional
ValueMap in another component.

4.2.5 Maps-based Variable Displays

Components of type MapBasedVariableDisplay can be used with Variables for display-
ing dynamic content in the CBA ItemBuilder pages. A static example is shown in
Figure 4.14 (see section 4.2.6 for the use of MapBasedVariableDisplays in combination
withDrag-and-Drop).

 

 

FIGURE 4.14: Item illustrating different variable inputs (html|ib).

The component MapBasedVariableDisplay can be used to display either text or images
or to play audio or video files (to show the raw number of a Variable the component
VariableValueDispaly as described in section 4.2.3 is provided). To define which part
of the Value Map should be used, the property Value Display Typemust be defined in
the Properties view (see Figure 4.15).

Link Value Map to Components: All components that can use Value Maps, for in-
stance, MapBasedVariableDisplays, provide an entry Link Value Map in the context

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleValueDisplayExampleTrafficLight/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleValueDisplayExampleTrafficLight.zip
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FIGURE 4.15: Property Value Display Type for components of type MapBasedVari-
ableDisplay in the Properties view.

 

 

FIGURE 4.16: Item illustrating layout option for MapBasedVariableValueDisplay
(html|ib).

menu. In the then opening editor Set Value Map, an existing Value Map can be se-
lected. To remove an assignedValueMap, the SetValueMap editor allows deselection.

4.2.6 Drag-and-Drop

Drag-and-drop response formats can now be implemented using Variables (see sec-
tion 4.2) andMaps-based Variable Displays (see section 4.2.5). Let’s start with two ex-
amples from real assessments (Jiang et al., 2021) shown in Figure 4.17 and 4.18 (see
Gong et al., 2022, for an example how to analyze the log data collected with these
items).

 

 

Drag-and-drop operations with fixed drop points are implemented using Maps-
basedVariableDisplays, whose associated variables change their value on drop to the
value that corresponds the dragged element.

Figure 4.19 illustrates howvalue of variables are changedwith drag-and-drop opera-
tions. Inspect the example and first of all see, how theDragged element corresponds

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MapBasedVariableValueDisplayLayoutExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MapBasedVariableValueDisplayLayoutExamples.zip
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FIGURE 4.17: Item 1 from Jiang et al. (2021) illustrating Drag-and-Drop (html|ib).

to the variable value of the MapBasedVariableDisplay at which the drag-and-drop op-
eration was started. The variable value is shown in the item, as soon as an element
is dragged.

At themomentwhen a drag-and-drop operation is completed (i.e. at drop) the values
of the variables are swapped in this example (drag-and-dropmode is DROP_SWITCH, see
Figure 4.21 for alternative configurations).

Technical Details and Concepts For the description and definition of drag-and-
drop, a distinctionmust bemade between a drag-and-drop source and a traget. Drag-
and-drop is when something is moved from source to target, either with the mouse
as pointing device or by touch.

Either the MapBasedVariableDisplays are dragged and dropped on fixed positions,
or for free positioning, drag-and-drop allows to move the MapBasedVariableDisplays
within a parent panel. Figure 4.20 illustrates both types of drag-and-drop function-
ality: On the left sid, drag-and-drop of MapBasedVariableDisplaysis possible within
a Panel with the property Drop Target=true (free drag and drop). On the right side,
drag-and-drop is possible between MapBasedVariableDisplays on fixed positions. For
both modes, MapBasedVariableDisplays are used as draggable/droppable components.

Drag-and-drop only requires Variables and Value Maps together with MapBasedVari-
ableDisplays. Dragging an element from a source position to the target position re-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/JiangEtAl2021Item01/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/JiangEtAl2021Item01.zip
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FIGURE 4.18: Item 2 from Jiang et al. (2021) illustrating Drag-and-Drop (html|ib).

 

 

FIGURE 4.19:Drag-and-drop example illustrating the use of variables (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/JiangEtAl2021Item02/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/JiangEtAl2021Item02.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropIllustratingVariablesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropIllustratingVariablesExample.zip
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FIGURE 4.20: Item illustrating free drag and drop (html|ib).

sults in a change of values of the variables linked to the MapBasedVariableDisplay. The
behavior of successful drag-and-drop operations of an object from a source to a tar-
get is configured by defining how variable values are changed. The semantic of the
drag-and-drop behavior is reduced to modifying the values of the underlying vari-
ables, linked to the MapBasedVariableDisplays.Thishas the advantage that scoring can
be done quickly based on the variable values and the various scoring operators (see
chapter 5). The following three modes are available that define, how variables are
changed after a sucessful drop-operation: DROP_SWITCH, DROP_MOVE and DROP_COPY (see
Figure 4.21).

 

 

FIGURE 4.21: Item illustrating drag and dropmodes (html|ib).

The variables are always assigned to a MapBasedVariableDisplay, but the different Map-
BasedVariableDisplays do not have to use the same ValueMaps.This also allows drag-
and-drop groups to be implemented, as shown in Figure 4.22.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeDragAndDrop/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeDragAndDrop.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropModes/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropModes.zip
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FIGURE 4.22: Item illustrating drag and drop groups (html|ib).

MapBasedVariableDisplays provide specific Events that can be used in the finite-state
machine (see section 4.4).The defaultRaisedEvent is triggered, when a MapBasedVari-
ableDisplay is clicked, a Drag Event is triggered together with drag operations and a
Drop Event is fired when something is dropped at a MapBasedVariableDisplay (see Fig-
ure 4.35 for an example). Even complex pattern based on finite-state machine rules
can be implemented using Events, for instance, to impose specific restrictions for
allowed drag-and-drop operations.

4.2.7 Dynamic Text in HTMLTextFields

HTMLTextField's can be used to display dynamic text. To do this, youmust insert key-
words in the content of the HTMLTextFieldusing the following syntax.These keywords
are at runtime translated and replaced with the string values of the referenced pa-
rameters:

${ParameterName}

Thepossible values for ParameterName are either names of FSMvariables or references
to the scoring result of a task. Accordingly, this mechanism can be used, for exam-
ple, to implement simple feedback or, in the case of complex tasks, feedback on the
scoring can be built into the item, for instance, for testing purposes.

Dynamic texts can be used in component of type HTMLTextField with the keywords
following the $-sign in curly brackets. Dynamic texts are updated at Runtime each
time the HTMLTextField is refreshed (for instance, when the pages change or the HTML-
TextField is clicked, see Figure 4.23 for an example).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropGroupsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DragAndDropGroupsExample.zip
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FIGURE 4.23:Example forDynamic Text in HTMLTextFields (html|ib).

If a parameters of the item score is requested and the name of the task is not defined
in the project, -1 is shown at Runtime.

The following qualified values for ParameterName are available for dynamic texts:

Qualified Parameter Description

ItemScore .{TaskName}
.{ScoreType}

Displays the value of the {ScoreType} for task
{TaskName}. The task-name is defined in the task
definition (see 3.6) and the {ScoreType} is one of
the following keywords (see 5.4 for details):
result, credit_Class, credit_weight, reactionTime,
reactionTimeTotal, execTime, execTimeTotal,
nb_Hits, nbInteractions, nbInteractionsTotal,
Hit_weight, nb_Misses, Miss_weight

FSMVariable
.{FSMVariableName}

Displays the value of the FSM variable
{FSMVariableName} as string

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DynamicTextExampleSimple/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DynamicTextExampleSimple.zip
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4.3 Conditional Links

 

 

4.3.1 Introduction

To design assessment components with multiple views, the CBA ItemBuilder uses
the concept of pages. Navigation between pages is possible with dedicated links. Two
links are distinguished: Regular Links, which statically always lead to the same page,
versus Conditional Links, whose target page can change according to specific condi-
tions. An example of a Conditional Link has already been shown in section 3.11. An-
other synthetic example illustrating various properties of conditional links is shown
in Figure 4.24). The syntax for defining Conditional Links follows the simple schema:

{Page: Condition}

The syntax requires the use of curly brackets to define that a Page left of the colon is
used as the target page of a link if the Condition right of the colon applies.

Figure 4.24 provides different synthetical examples that help to describe the Condi-
tional Link feature of the CBA ItemBuilder:

• Conditional Link 1 illustrates a Button that is combinedwith a condition that spans
two lines: Line 1 {Target1: Checkbox1} specifies that the target page Target1 is used if
the Checkboxwith the UserDefinedID: Checkbox1 is selected. Line 2 then contains the
statement that the Button should link to page Target2, if Checkbox1 is not selected.
The condition in Line 2 uses the logical operator for negation not (see section 4.1.3).

• The syntax allows the specification of several combinations of pages and condi-
tions, each included in a new line embedded in curly brackets. Conditional Link 2
illustrates how the different conditions are processed. For this purpose, another
line was added as a new first line: {Target2: true}.The condition true that was in-
serted here is always fulfilled (see section 4.1.3). Since the CBA ItemBuilder checks
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FIGURE 4.24: Item illustrating the use of Conditional Links (html|ib).

the defined conditionals one after the other, the Button with the text Conditional
Link 2 will always refer to the page Target2, even if Checkbox2 is selected, because
this combination of page and condition is defined after the reference to {Target2:
true}.

 

 

Conditional links always link to the first page whose condition is met.

• Conditional Link 3 illustrates that if nocondition ismet, thenno link is activated. In
this example, if Checkbox3 is not selected, then clicking on the Button has no effect.

• The fourth example in Figure 4.24 shows how Links and Conditional Links relate to
each other. For this, the Conditional Linkwas only defined that the condition Chech-
box4 should lead to the page Target1. In addition, however, the regular Link to Tar-
get2was specified via the Link Page dialog.The result first checks whether a Condi-
tional Link applies. If this is the case (i.e. if Checkbox4 is selected), then the Button
points to page Target1. If none of the conditions is true, then the regular link is
used, i.e. Conditional Link 4 points to page Target2.

• The last example shows that conditions can also be combined if the rules for setting
parentheses are followed. Conditional Link 5’ refers, according to the definition, to
thepage ‘Target1’, if all checkboxes except Checkbox4 are selected.Then, in the second
part of the syntax, if the first conditionwas notmet, the link refers to page Target2,
again with the keyword true (i.e., always).

The examples illustrated in Figure 4.24 illustrate that conditional links to references to
pages can be used in a variety ofways.Of course, the pages donot necessarily have to

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleConditionalLinkExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleConditionalLinkExample.zip


268 4 Enrichting Items using Dynamic Content

be dialog pages (see section 3.15).Conditional links can be used like links to all possible
pages, but the respective context (e.g.X-Page, see section 3.11.4)must be considered.
As described in the following section 4.3.3,Conditional Links can also be used tomake
changes to the item.For this purpose itmayalsobeuseful thatConditionalLinkspoint
to the page on which they are defined.

Defining Conditional Links in the Link Page dialog: Components that can be used to
link pages (see section 3.11) usually allow also the definition of conditional links in ad-
dition to the definition of regular links.

 

 

FIGURE 4.25:Dialog Link Pagewith buttons Edit Condition and Drop Condition.).

The syntax editor required for definingConditional Links can be invokedwith the but-
ton Edit Condition (see Figure 4.25).This button allows adding new Conditional Links
as well as editing existing Conditional Links. If an existing Conditional Link is to be
removed completely, either the syntax can be deleted completely or the button Drop
Condition is used.

 

 

FIGURE 4.26: Item with contextualized examples of Conditional Links (html|ib).

Applied Examples: Conditional links can be used for a variety of applications. Se-
lected examples can be seen in Figure 4.26.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AppliedConditionalLinkExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AppliedConditionalLinkExamples.zip


4.3 Conditional Links 269

• Thefirst example illustrates adaptive feedback, that informs about the correctness of
a particular answer or about any other (intermediate) condition, that can be for-
mulated as Condition. If Conditional Links are used to select a page that is shown,
the information that is selected by conditions must be placed on different pages.
Moreover, a component that can be used to Link Pagesmust be used to trigger the
evaluation of the Condition. In the example in Figure 4.26, the decision of which
feedback to display is made by the Conditional Link defined for the Next button.
If the question is answered correctly (i.e. the radio button with the UserDefine-
dID: rbGreen was selected), then the Next button links to the page: {feedbackCor-
rect:rbGreen}.On the other hand, if a radio button with a different UsderDefinedID
is selected ((rbRed or rbBlue)), then theConditional Link points to the feedbackWrong
page.

• The first example in Figure 4.26 illustrates yet another important use of condi-
tional links.TheConditional Links definition for the next button also handles the case
where no selection has been made. This is done implicitly, since all previously de-
fined pairs of pages and conditions cover all possible selections in the RadioButton-
Group (if thequestionwas answered, then rbRed, rbGreenor rbBluemust be selected).
If none of the options is answered, then the Conditional Link is used to refer to a
page which is defined as a modal dialog (see section 3.15). No specific condition is
needed for this, i.e. the keyword true has been used so that this condition is always
met: {feedbackMissing:true}. Since this last condition is only checked if the previ-
ously defined conditions were not fulfilled, it can be used to implement a feedback
that informs about amissing answers for that question.

 

 

Conditional Links can be used to check and respond to the correctness or complete-
ness of responses when navigating between pages.

• The second applied example in Figure 4.26 shows howConditional Links can be used
to show or skip additional pages with specific questions or tasks. By linking mul-
tiple pages via next/back buttons, the target person does not necessarily have to
be informed about which components of an instrument have been skipped or fil-
tered. In the example a Conditional Link was used in both directions, i.e. with the
Next button a page with a specific question is only shown if the answer Yes (rbYes)
was selected: {filteringOptional: rbYes}. If the radio button with the UserDefine-
dID: rbNowas selected ({filtering2: rbNo}), the pagewill be switched to filtering2
immediately.The back button on page filtering2 uses the same logic to link either
to page filtering1 or to page filteringOptionalwhen navigating back.

• The third example shows how text responses can be included in the condition for
Conditional Links.The operator matches() is used, which is also used for scoring text
responses (see section 5.3.4). The operator is used in the condition for the Condi-
tional Link at the Next button onpage answercorrect1 to check if the correct response
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has been entered. If this is not the case, i.e. 13was not entered in the SingleLineIn-
putFieldwith the UserDefinedId: txtResponse, then theConditionalLinkpoints to the
same page again: {answercorrect1:not matches(txtResponse, "13") /*...*)}. If the
question has not yet been answered correctly, then the page is not changed, i.e. an
answer formatAnswer-Until-Correct canbe implemented in thisway. If thefirst con-
dition not matches(txtResponse, "13") is notmet (i.e. if matches(txtResponse, "13")
ismet), then theConditional Link in this example points back to the home page page
({page:true}). The text /*...*/ indicates how comments can be used within condi-
tionsofConditionalLinks (see section4.1.2).But it also indicates that in this example
a further functionality was used, namely the use of additional operators that are
executed when a certain Conditional Link is activated.

Beyond the selected application examples, various forms of interactivity in assess-
ment components can be implementedwith the help ofConditional Links, which can-
not all be listed exhaustively here. However, Conditional Links can also be used as an
alternative to regular links to trigger actions (e.g., to set a button frozen). Conditional
Links are part of the standard repertoire for designing interactive assessment com-
ponents that do not require the definition of a complete Finite-StateMachine (see sec-
tion 4.4). Often Conditional Links therefore also refer to the current page in practice,
in order to trigger actions with the help of links, as described in the next section.

RegularExpression:Thevalidationof text input in conditional links can include reg-
ular expressions using the matches()-operator:

{Page: matches(Component, RegularExpression)}

 

 

FIGURE 4.27: Item illustrating the advanced us of Conditional Links (html|ib).

Deprecated Features / Features under Development: The use of the getItem-
Score(Task, Calculation)-operator is currently under development.The use of FSM

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AdvancedConditionalLinkExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AdvancedConditionalLinkExample.zip
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variables in conditions is currently not supported in conditional links.

4.3.2 Quick Start (Continued): FeedbackUsingConditional Links for Sin-
gle Page Items

In section 3.3 we created different single page items. In this quick-start, it will be
illustrated how conditional links can be used to create different implementations of
result feedback:

• Single Choice Item: Feedback using Dialogs
• Multiple-Choice Item: Feedback using PageAreas
• Text Entry Item: Feedback usingMapBasedValueDisplays

4.3.2.1 Feedback usingDialogs

1. Open SinglePageItems_01SC.zip and Save as SinglePageItems_01SC_Feedback.zip:
Open the item created in the section 3.3.2 (or download SinglePageItems_01SC.zip)
using the icon

 

 

in the CBA ItemBuilder (or use the main menu File and
the entry Open project). Save the Project File with the new name SinglePageIt-
ems_01SC_Feedback.zip using the main menu File and the entry Save as... (or use
the icon

 

 

).

2. Create new Page: Make sure the project name SinglePageItems_01SC_Feedback is
shown in the Project View in the left part of the CBA ItemBuilder. Right-click on this
project name in theProjectView and select the entry Add new simple page in the context
menu. In the dialog that opens, a Page Name, e.g. FeedbackCorrect, must be entered.
Confirm the dialog withOK (without ticking the checkbox Create as X-page?).

3. Add Frame and Panel: The Project View now contains the newly created page Feed-
backCorrect. Double-click this page to open the Page Editor in the main area of the
CBA ItemBuilder’s main window. In the Page Editor that opens, the Palette

 

 

is now required. If the Palette is not displayed, it can be shown at the right window
border with the small icon

 

 

. Select the Frame-component by clicking on
 

 

)
in the palette. Draw the Frame in the empty drawing area of the Page Editor by first
click and then move the mouse with the pressed left mouse button, so that a gray
rectangular with dashed line appears. Release mouse and select the newly created
Frame by clicking on the rectangular. Right-click on the Frame and select the entry
Show Properties View in the context menu. Find the section Position and enter the fol-
lowing values: Height: 600, Width: 800, X: 112, and Y: 84.Change the property Dialog
in sectionMisc to MODAL_DIALOG and change the property Closable to false.

Select the Frame in the Page Editor and create a new Panel on the page FeedbackCor-

rect. Select the Panel
 

 

in the Palette. To add the Panel to the Frame click in the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_01SC.zip
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drawing area of the Page Editor within the area that is covered by the Frame, hold the
mouse button while moving the mouse and see a small rectangle appearing. Open
the Properties view and enter the following values in the Position section: Height: 600,
Width: 800, X: 0, and Y: 0.

4. Add a HTMLTextField: Select the Panel in the Page Editor and create a new HTML-
TextField on the page FeedbackCorrect. Select the HTMLTextField

 

 

in the
Palette. To add the HTMLTextField to the Panel click in the drawing area of the PageEdi-
tor within the area that is covered by the Panel, hold themouse button while moving
the mouse and see a small rectangle appearing. Open the Properties view and enter
the following values in the Position section: Height: 100, Width: 750, X: 30, and Y: 30.
Double-click the HTMLTextField and enter the text Your answer was correct. Select the
text and change the font size to 28. Finally, save the changes using the button Save
and Close.

5. Add a Button: Select the Panel in the Page Editor and create a new Button. click
the entry Button

 

 

in the Palette. When the component type is selected in the
Palette a new button can be added to the page by drawing a rectangle into the Draw-
ing Area. Open the Properties view and enter Height: 45, Width: 180, X: 560, and Y:
500 in the section Position. Set the property Border Width: 1 in the section Display.
Now find the tab Appearance

 

 

and click it, and change the formatting of the
button. Select Arial as font and set the font size to 16. Moreover, set the border color
to black using the button

 

 

. Next, double-click the button and enter the text Con-
tinue in the dialogConfigure aMultiline Text, before closing the dialogwitOK. Finally,
right-click the button in the PageEditor an select the entry Set command in the context
menu. In the dialog Set Runtime Command click on the entry NEXT_TASK and confirm
the selection withOK.

6.ConfigurethebuttonNextonpage01:Open thepage page01andfind thebuttonwith
the label Next. Right-click the button and select the entry Set Command. In the dialog
Set Runtime Command select the element Empty to remove the command NEXT_TASK, that
was previously assigned to this Button. After closing the dialog with OK, right-click
the button Next again and select the entry Link Page. In the dialg Link Page don’t
select a page on the left part of this dialog, but click the button Edit Condition. This
will open a syntaxwindowwith the title Link $.... In this dialog, enter the following
conditional link syntax: {FeedbackCorrect: c}This will link to page FeedbackCorrect,
if the button is pressed and the element with the UserDefinedId: c is selected. Close
the link syntax editor via the small cross in the tab title (

 

 

).

7. Duplicate page FeedbackCorrect to create page FeedbackCorrect: For the next step,
close all openPageEditorsfirst using the small cross in the tab title (

 

 

). If no editor is
open, right-click on the page FeedbackCorrect in the Project View and select the entry
Save As Template. Define a template name (e.g., dialog) and hit OK in the dialog Save
As Template.

If the current specification of the page FeedbackCorrect as saved as template dialog,
createnewpage fromtemplate (using the entry New page from template in the Project-
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menu) and select the template dialog. Define the page name as FeedbackWrong and
create the new page. Open the Page Editor of the new page FeedbackWrong and change
the text of the HTMLTextfield to Your answer was wrong..

Right-click the button Continue and use the entry Dublicate in the context sub-menu
Edit to duplicate the Button-component. Change the text to Retry. Use the Properties
view to change the position of the Button (X: 50 and Y: 500). Assign the command
CLOSE using the context menu (right-click) and the option Set Command. Confirm the
dialog Set Runtime Commandwith OK after selecting the command CLOSE.

8. Create Page FeedbackMissing from template: Use the option create new page from
template (using the entry New page from template in the Project-menu) again. Create
a new page from the template dialog created in step 7 and change the text of the
HTMLTextField to Please provide an answer.Duplicate the Button Continue“ again (see
step 7) change the text to Retry, change the command to CLOSE and the position to X:
50 and Y: 500.

9. Update the link condition of Button Next on page01: Open page page01 in the Page
Editor and right-click on the Buttonwith the text Next. Select the entry Link page and
open the link condition syntax editor using the button Edit condition. The syntax
defined in step 6 should be extended to the following three lines:

{FeedbackCorrect: c}
{FeedbackWrong: ((a or b) or d)}
{FeedbackMissing: true}

10. Save, Preview and Test: This concludes the Feedback using Dialogs and the project
can now be saved (

 

 

) and previewed (
 

 

). Check the feedback by selecting either
nothing, the correct response (c) or any other response (and press Next).

4.3.2.2 Feedback using PageAreas

1. Open SinglePageItems_02MC.zip and Save as SinglePageItems_02MC_Feedback.zip:
Open the itemcreated in the section 3.3.3 (or downloadSinglePageItems_02MC.zip)
using the icon

 

 

in the CBA ItemBuilder (or use the main menu File and
the entry Open project). Save the Project File with the new name SinglePageIt-
ems_01SC_Feedback.zip using the main menu File and the entry Save as... (or use
the icon

 

 

).

2. Create new Page: Make sure the project name SinglePageItems_02MC_Feedback is
shown in the Project View in the left part of the CBA ItemBuilder. Right-click on this
project name in theProjectView and select the entry Add new simple page in the context
menu. In the dialog that opens, a Page Name, e.g. feedbackCorrect, must be entered.
Confirm the dialog withOK (without ticking the checkbox Create as X-page?).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_02MC.zip
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3. Add Frame and Panel: The Project View now contains the newly created page feed-
backCorrect. Double-click this page to open the Page Editor in the main area of the
CBA ItemBuilder’s main window. In the Page Editor that opens, the Palette

 

 

is now required. If the Palette is not displayed, it can be shown at the right window
border with the small icon

 

 

. Select the Frame-component by clicking on
 

 

)
in the palette. Draw the Frame in the empty drawing area of the Page Editor by first
click and then move the mouse with the pressed left mouse button, so that a gray
rectangular with dashed line appears. Release mouse and select the newly created
Frame by clicking on the rectangular. Right-click on the Frame and select the entry
Show Properties View in the context menu. Find the section Position and enter the fol-
lowing values: Height: 130, Width: 950, X: 0, and Y: 0.

Select the Frame in the Page Editor and create a new Panel on the page feedbackCor-

rect. Select the Panel
 

 

in the Palette. To add the Panel to the Frame click in the
drawing area of the Page Editor within the area that is covered by the Frame, hold the
mouse button while moving the mouse and see a small rectangle appearing. Open
the Properties view and enter the following values in the Position section: Height: 130,
Width: 950, X: 0, and Y: 0.

4. Add Button and HTMLTextField: Buttons can be added to components of type Panel.
Select the Panel created in step 3 and find and click the entry Button

 

 

in the
Palette.When the component type is selected in thePalette a newbutton can be added
to thepagebydrawinga rectangle into theDrawingArea.Open theProperties viewand
enter Height: 30, Width: 100, X: 40, and Y: 10 in the section Position. Set the property
Border Width: 1 in the sectionDisplay and define the text as Check (either in the Prop-
erties view using the edit button ... in the Text property or by right-clicking on the
Button in the Page Editor and using the entry Edit Text). Now find the tab Appearance

 

 

and click it, and change the formatting of the button. Select Arial as font
and set the font size to 8. Moreover, set the border color to black using the button

 

 

.

The Panel created in step 3 needs to be selected again in the Page Editor. If the Panel is
selected, the palette allows to select the HTMLTextField entry (

 

 

). Draw a rect-
angle in theDrawing Area (inside the Panel) to add the HTMLTextField. If the Properties
view is visible, click on the HTMLTextField and enter the following values in the Posi-
tion section: Height: 80, Width: 700, X: 160, and Y: 10. To enter text, double-click the
HTMLTextField and enter the text Correct in the HTML Text Editor. Select the text and
change the font size to 25. Finally, save the changes using the button Save and Close.

5. Duplicate page feedbackCorrect to create page feedbackWrong and feedbackCheck:
For the next step, close all open Page Editors first using the small cross in the tab title
(

 

 

). If no editor is open, right-click on the page feedbackCorrect in the Project View
and select the entry Save As Template. Define a template name (e.g., area) and hit OK
in the dialog Save As Template. Repeat the step and create also the page feedbackCheck
using template area.
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6. Add PageArea to page page01: Open the page page01 in the Page Editor and select the
Frame. Use the context-menu entry Show Properties View to make sure you selected
the Frame. If the Frame is selected, a component of type PageArea can be selected in the
Palette. Once the PageArea is selected in the Palette, a rectangle can be drawn inside
the Frame (but not inside the Panel). So, in order to add the PageArea, left-click in the
margin area, that is the areaof the Frame that is not coveredby the Panel.Drawa small
rectangle to add the PageArea and then select the PageArea to change it’s position in
the Properties view (X: 40, Y: 530, Witdth: 950, Height: 130). Moreover, specify the
UserDefinedId in section Identification of the PageArea to be area. Finally, right-click
the PageArea and select the entry Link Embedded Page. In the dialog Link Embedded Page
select feedbackCheck and confirm the dialog with OK.

7. Finish page feedbackCheck: Open the page feedbackCheck in the Page Editor and
delete the HTMLTextFiel (for instance, using the context menu entry Delete From
Model). Change the text of the Button to Check and define the following syntax as Con-
dition for a link. For that purpose, right-click the Button and select the entry Link
Page. In the dialog Link Page click on the button Edit Condition:

{page01: (e1 and e3) | setEmbeddedPage(area, feedbackCorrect) setFrozen(e1)
setFrozen(e2) setFrozen(e3) setFrozen(e4)}

{page01: true | setEmbeddedPage(area, feedbackWrong) setFrozen(e1)
setFrozen(e2) setFrozen(e3) setFrozen(e4)}

8. Finish page feedbackCorrect: Open the page feedbackCorrect in the Page Editor and
define the following syntax as conditional link (i.e., as syntax defined using context
menu Link Page and the button Edit Condition):

{page01: true | setEmbeddedPage(area, feedbackCheck) unsetFrozen(e1)
unsetFrozen(e2) unsetFrozen(e3) unsetFrozen(e4)}

9. Finish page feedbackWrong: Open the page feedbackWrong in the Page Editor and de-
fine the same syntax as in step 8 as conditional link (i.e., as syntax defined using
context menu Link Page and the button Edit Condition). Finally, edit the text of the
HTMLTextField and enter Wrong. Save the changes using the button Save and Close.

10. Save, Preview and Test: This concludes the Feedback using Dialogs and the project
can now be saved (

 

 

) and previewed (
 

 

). Check the feedback by selecting either
nothing, the correct response (c) or any other response (and press Check).

4.3.2.3 Feedback using MapBasedValueDisplays

1. Open SinglePageItems_03TXT.zip and Save as SinglePageItems_03TXT_Feedback.zip:
Open the item created in the section 3.3.4 (or download SinglePageIt-
ems_03TXT.zip) using the icon

 

 

in the CBA ItemBuilder (or use the main

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_03TXT.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SinglePageItems_03TXT.zip


276 4 Enrichting Items using Dynamic Content

menu File and the entry Open project). Save the Project File with the new name
SinglePageItems_03TXT_Feedback.zip using the main menu File and the entry Save

as... (or use the icon
 

 

).

2. Define States andVariables: For this example the definition of two States and two
Variables is necessary. To define states and variables, open the StateMachine Tree View
using the icon

 

 

(or use themainmenu Project and the entry Edit State Machine). In
the StateMachine Tree View right-click on the entry Machine and select the entry State
in the sub-menu New Child to add the first state. After adding the state use the Prop-
erties view to change the name of the state from <not set> to ST_Start. Select STARTas
Type. Repeat the same steps to add a second state (Name: ST_Main, Type: NORMAL).

Continue and add two variables and define their names as V_Frequency and
V_Feedback.

3. Edit State Machine Syntax: Change to the tab State Machine Rules and copy the
following text:

Events: EMPTY;
Rules: ST_Start -> ST_Main{true|set(V_Frequency,0), set(V_Feedback,99)}

Close both tabs (State Machine Rules and State Machine) and confirm to save the
changes.

4. Add Button with label Check: Open page page01 in the Page Editor and add a new
Buttonto the Frame. Define the position (X: 500, Y: 350, Height: 30, Width: 120)
and the TextCheck(Font: Arial, Font Size 8). Right-click the button and open the
entryLinkPage. In the dialogLink pageclickEdit Condition‘ and enter the following
syntax into the syntax editor:

{page01: matches(txt,"42") | set(V_Frequency,V_Frequency+1) set(V_Feedback,1)}
{page01: (not matches(txt,"42") and not matches(txt,"")) |

set(V_Frequency,V_Frequency+1) set(V_Feedback,0)}
{page01: matches(txt,"") | set(V_Frequency,V_Frequency+1) set(V_Feedback,2)}

Close the syntax editor using the small x in the tab-title (
 

 

).

5. Use the Resource Browser to Insert Images: As an example on how to use images
in value maps, two image should be added. For this purpose, the picture must be
added using the Resource Browser to the Project File first. Open the Resource Browser
over themainmenu Project and the entry Browse resources (or use the icon

 

 

). Any
image in one of the supported file formats (see section 3.10.1) can be used. Two pic-
tures are needed, one for a correct response and one for a wrong response. If you
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don’t have a picture at hand, a sample image can be downloaded here: SinglePageIt-
emFeedbackResources. Unpack this ZIP archive and then click the ‘Add’ button in
the Resource Browser of the CBA ItemBuilder to add the files ‘ThumbsDown_min.png’
and ‘ThumbsUp_min.png’ to the list of Available resources. Close the Resource Browser
via the small cross in the tab title (

 

 

).

6. Add ValueMaps (M_Feedback and M_Frequency): The values of the two variables
V_Frequency and V_Feedback should be mapped to text and images. This is possible
using so-calle value maps. To edit value maps, click the icon

 

 

(or use the main
menu Project and the entry Browse Value Maps). In the upper part of the Value Map
Editor use the button Addto create a first valuemap and enter M_Feedback as name. Se-
lect the valuemap M_Feedback and enter the following assignments using the buttons
Addand Edit in the lower part of the ValueMap Editor:

TABLE 4.2: Example for ‘ValueMap’-definition ‘M_Feedback’

Guard Text Image

99
0 Wrong ThumbsDown_min.png
1 Correct ThumbsUp_min.png
2 Empty

Repeat the same steps and create a second value map M_Feedback with the following
mappings:

TABLE 4.3: Example for ‘ValueMap’-definition ‘M_Frequency’

Guard Text

0 Press the check button to verify your answer.
[1,5] You have checked a few times.
* You have checkedmultiple times.

7.Add ImageValueDisplay forFeedback: Open page page01 in the PageEditor and select
the Panel. Open the Palette and select the component with the name ImageValudDis-
play.Drawa small rectanglewithin the Panel to add the ImageValudDisplay anddefine
the following properties: X: 750, Y: 250, Height: 200, Width: 200. Right-click the
ImageValudDisplay and use the entry Link Variable to link the ImageValudDisplay to
the variable V_Feedback. Confirm the dialog Set State Machine Variable. Right-click
the ImageValudDisplay again to link the valuemap M_Feedbackusing the context-menu
entry Link Value Map. Close the editor Set Value Mapwith OK.

8. Add afirst TextValueDisplay for Feedback: Add a component of type TextValueDis-
play to the Panel and define the following properties: X: 230, Y: 310, Height: 30,

https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemFeedbackResources
https://kroehne.github.io/CBAItemBuilderBook/material/SinglePageItemFeedbackResources
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Width: 260. Right-click the TextValueDisplay and use the entry Link Variable to link
the TextValueDisplay to the variable V_Feedback. Confirm the dialog Set State Machine
Variable. Right-click the TextValueDisplay again to link the valuemap M_Feedback us-
ing the context-menu entry Link Value Map. Close the editor Set Value Mapwith OK.

9. Add a secondTextValueDisplay for Frequency: Add a second component of type
TextValueDisplay to the Panel and define the following properties: X: 230, Y: 350,
Height: 30, Width: 260. Right-click the TextValueDisplay anduse the entry Link Vari-
able to link the TextValueDisplay to the variable V_Frequency. Confirm the dialog Set
State Machine Variable. Right-click the TextValueDisplay again to link the valuemap
M_Frequency using the context-menu entry Link Value Map. Close the editor Set Value
Mapwith OK.

10. Save, Preview and Test: This concludes the Feedback using ValueMaps and the
project can now be saved (

 

 

) and previewed (
 

 

). Check the feedback by selecting
either nothing, the correct response (42) or any other response (and press Check).

4.3.3 Trigger Actions in Links usingOperators

If you take a closer look at the example Answer-Until-Correct in Figure 4.26 in a web
browser or in the Preview of theCBA ItemBuilder, youwill notice that the Next button
is initially disabled. Only when you put the focus into the SingleLineInputField and
start entering an answer, the Next button is activated. This behavior is also imple-
mentedusingaConditionalLink. For this the SingleLineInputField links to the current
page and removes the deactivation of the button with the unsetFrozen() operator.

The syntax of the Conditional Links is extended by a component after a pipe operator
(|) to the following scheme:

{Page: Condition | Operator1() }

Again, embedded in curly brackets is first the page, followed by a colon. After the
colon the condition is formulated. If several conditions are to be combined, this is
again possible in compliancewith the bracket rule (see section 4.1.3). If an additional
action is to be added,which is executedwhen theConditionalLink is activated and the
condition is met, an operator can be added after the vertical bar (|).

If multiple operators are to be executed, then they must be listed in the syntax for
Conditional Links separated by spaces, as the following scheme formultiple operators
illustrates:

{Page: Condition | Operator1() Operator2() }
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In the CBA ItemBuilder, links can usually also be formulated as Conditional Links. A
simple link is a Conditional Link with only one target page and the keyword true as
condition.

 

 

Actions canbeperformedusingoperatorswhena link is activated. For this purpose
the syntax ofConditional Links allows that besides a target page and a condition also
one or more operators separated by spaces are specified.

It is possible to link to the same target pagemultiple times inConditional Links. Con-
ditions can then be used to define more precisely when which actions should be ex-
ecuted, i.e. which operator(s) should be triggered by a particular (Conditional) Link.

 

 

FIGURE 4.28: Item illustrating the use of Conditional LinkswithOperators (html|ib).

VariousOperators are illustrated in the following example (see figure 4.28):

• To enable and disable components, there is the setFrozen(UserDefinedId)-operator
and its inverse unsetFrozen(UserDefinedId). Only if the Button is not disabled, an
action can be executed with it (i.e. a regular or Conditional Link can be activated or
a FSM event can be triggered, see section 4.4.3). In the example, the button opens a
modal dialog.

• To set the value of an FSN variable (see section 4.2), the set(Varialbe)-operator can
be used. In the example, this set()-operator is used to implement various condi-
tional links which set the value of the variable Var1 to 0 (set(Var1,0)), increase the
value by one (set(Var1,Var1+1)) and decrease the value by one (set(Var1,Var1-1)).

• Third, the item in Figure 4.28 illustrates the use of the setActiv(Component) opera-
tor. Selected components (e.g., RadioButtons) can be selected with it.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UseOfConditionalLinksWithOperators/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UseOfConditionalLinksWithOperators.zip
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• Finally, the example contains Conditional Links at the Hide button (and,
when pressed, the Show button that then appears). The operators setHid-
den(UserDefinedId) and unSetHidden(UserDefinedId) are used here to hide and show
individual components.

4.3.4 Link PageAreas using Conditional Links

When links are used in the CBA ItemBuilder, they are always linked within the cur-
rent page area. This approach makes it easy to implement links inside and outside
X-Pages. If a page is included within a PageArea, then links within the PageArea lead
to the page, which includes the PageArea being replaced. If you want to override this
default behavior, you can do this with the help of Conditional Links.The following ex-
ample illustrates how conditional links (to the current page) can be used to change
the page displayed within the PageArea using the setEmbeddedPage()-operator.

 

 

FIGURE 4.29: Item illustrating the setEmbeddedPage()-operator (html|ib).

The setEmbeddedPage()-operator can also be used as operator within the finite-state
machine (see section 4.4.6 for details). A complete listing of all operators is included
in the appendix B.2.

 

 

For more examples illustrating the potential of Conditional Links see section 6.4.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinkPageAreasUsingConditionalLinksExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/LinkPageAreasUsingConditionalLinksExample.zip
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4.4 Finite-StateMachine(s)

 

 

The creation of interactive assessment content with the CBA ItemBuilder can re-
quire a logic layer for dynamic content in addition to the design of static content
(i.e., the Page Editor used for designing pages, see section 3.7), Variables (see section
4.2) and Value Maps (see section 4.2.4). Following the design principles of the CBA
ItemBuilder (see section 2.11), this logic layer is not defined in a concrete interpreted
or compiled scripting or programming language. Instead, this logic layer is imple-
mented in the CBA ItemBuilder based on so-called finite-state machines (also called
UML statechart). Abstracting the logic required within items from a concrete pro-
gramming language to the generic approach of finite-state machines allows the con-
crete source code required for a runtime environment to run an actual item to re-
main separate from the definition of the required interactivity (see section 2.11.2).
For people with programming experience, however, it requires a bit of rethinking,
since typical concepts (such as loops or branching) are possible with finite-state ma-
chines, but may require different approaches than loops or vectorization.

4.4.1 Introduction

The following text describes the use of finite-state machines in the specific imple-
mentation of the CBA ItemBuilder, as far as they are needed to implement interac-
tive assessment content.The goal of the presentation is to describe the functionality
of the CBA ItemBuilder, and this goal should be achievable without the need for fur-
ther literature on the general concept of finite-state machines or automata theory.
In fact, the implementation in the CBA ItemBuilder is only metaphorically related
to the formal idea of finite-state machines due to the possibility of using multiple
finite-state machines within an item (see section 4.4.8) and the integration of vari-
ables in conditions (see section 4.4.5).

The following gives a brief introduction to the idea: A finite-state machine is some-
thing in the logic layer of theCBA ItemBuilder, that always starts in a specified state,
called the Start State. Each finite-state machine can be in exactly one state at a time
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and the number of states is limited (i.e., finite). A finite-state machine is, however,
a machine that can change it’s state according to deterministic Rules. The Rules de-
scribe the Transition between the states and rules are triggered by Events. If no Event
occurs, the finite-state machine stays in it‘s current state, but events can defined as
timed events (see section 4.4.3), and timed events trigger automatically after a pre-
defined time interval. Finally, each finite-state can reach one out of multiple End
States.

The CBA ItemBuilder implementation allows to use multiple finite-state machines
(based on Regions, see subsection 4.4.8). When Transitions are triggered successfully
by Events, additional Operators can be executed (see subsection 4.4.6). And Variables
can be used in conditions, so that the Rules can define Transitions between States that
depend on variable values.

 

 

Thefinite-statemachines that can be created in the CBA ItemBuilder allow the ap-
pearance and behavior of the item to be modified based on user interactions and
temporal events.

User Interface for Finite-StateMachines: To define and edit finite-state machines,
the user interface of the CBA ItemBuilder provide two parts. Both can be opened at
once by clicking on the icon

 

 

in the Toolbar (see section 3.1.1) or using the Project
menu Edit State Machine). The first part of the user interface is titled State Machine
and contains the State Machine Tree View as shown in Figure 4.30. A second tab with
the title State Machine contains the so-called State Machine Rules Editor for state ma-
chine syntax, and both parts always opens together.

 

 

FIGURE 4.30:Empty StateMachine Tree View of the CBA ItemBuilder.

 

 

It is possible to close the State Machine Rules Editor using the small x next to the ti-
tle of the tabs, so that only the State Machine Tree View is displayed. Note, however,
that it does not work the other way around. Closing the StateMachine Tree View au-
tomatically closes the StateMachine Rules Editor.1
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State Machine Tree ViewThe first component of the user interface is a tree repre-
sentation of the defined states, optionally organized in regions (see Figure 4.30). Af-
ter selecting the root, new states can be added to this tree by using either the menu
Statemachine Editor (see left part in Figure 4.31) or the context menu in the State Ma-
chine Tree View (see right part in Figure 4.31).

 

 

FIGURE 4.31:Main menu Statemachine Editor and context menu in the State Machine
Tree View to define a state

 

 

States are defined and configured in the State Machine Tree View of the CBA Item-
Builder (see section 4.4.2 for details).

State Machine Rules: Events and finite-state machine rues are defined using syn-
tax, edited in the State Machine Rules editor. By default, the state machine rules file
is empty.2The following example shows a valid rules file:

Events: EV_Name; /* Define events here, separated by comma.
End the list with a semicolon. */

Rules: /* Define rules here.
Examples: */

ST_Start -> ST_First {true}
ST_First => ST_Second {EV_Dummy}

At least one event must be defined. Text within /* … */ or behind // is ignored as a
comment (see section 4.1.2).

4.4.2 States

States are defined in the StateMachineTreeView of theCBA ItemBuilder. After adding
a new State using the context menu or the main menu as shown in Figure 4.31, the

2Technically, the empty rule definition is invalid, shownwith the symbol
 

 

compared to
 

 

But this
is of no importance, as long as the finite-state machine is not used in a CBA ItemBuilder project.
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CBA ItemBuilder lists an undefined state in the StateMachine Tree View as illustrated
in the upper part of Figure 4.32. Continue by double-click on the newnode <not set>
to finish the configuration. This opens the Configure State dialog (see lower part of
Figure 4.32).

 

 

FIGURE 4.32:Newly created State and Configure State dialog.

For defining the state using the dialog Configure State it is essential to differentiate
three different State Types (NORMAL, START and END).

Normal States (NORMAL): A finite-state machine typically differentiates multiple Nor-
mal States.The state in which a finite-statemachine is (labeled theCurrent State) rep-
resents the main information of a finite-state machine. Transitions between nor-
mal states describe the functioning of the finite-statemachine and the possible flow
between the internal states. In the CBA ItemBuilder the transitions are triggered
by Events (see section 4.4.3) and transitions can trigger actions (called Operators, see
section 4.4.6). Most of the states are regular states.

Start State (START): However, every finite-state machine needs a starting state in
which it is initially located. For this purpose, the state type START must be selected
for exactly one state for each finite-state machine. A Start State is required for the
very first Start Rule (->, see section 4.4.4), that links the Start State to a first Normal
State.

End States (END): The CBA ItemBuilder also allows defining states as End States. The
use of End States is optional for the design of assessment components but can be
helpful if, for instance, reaching a dedicated state in the logic layer itself is informa-
tion for scoring (see section 5.3.7). While a start state and several normal states are
needed for the typical use of the finite-state machine, the definition of end states is
rarely necessary.

 

 

The state in which a finite-state machine is is called the Current State. Each state
machine needs a start state and can have a remaining countable set of normal and
end states.
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State Names: After selecting a State Type in the dialog Configure State (see lower part
of Figure 4.32), states require a unique State Name. State Names need to be a string
literal without white spaces and without special characters (underscores, i.e., _ is
possible). Numbers are allowed but not as the first character.When defining states
make sure that the state name is valid and not followed by white spaces.

 

 

After changing the state definition, close both editors (i.e., the State Machine Tree
View and the StateMachine Rules) to make sure the changes are applied internally.

Page to open: Finally, the dialog Configure State (see lower part of Figure 4.32) also
provides the option Page to open. States can also assigned to pages, so that the Page
is shown, if the particular State is entered (see section 4.4.9 for details about the as-
signment of Pages to States).

 

 

FIGURE 4.33: StateMachine Tree Viewwith four states and Properties view.

Note that states can be ordered within the State Machine Tree View using drag-and-
drop.Fora real applicationoffinite-statemachines in theCBAItemBuilder,multiple
states need to be defined, and ordering the states can increase the readability. As
soon as the first state is defined, the CBA ItemBuilder also provides a context menu
for states with the option to define states and so-called Regions as child elements.
This feature is related tomultiple (nested)finite-statemachines, described in section
4.4.8. If onlyonefinite-statemachine is tobeused, caremustbe takenwhencreating
the states that all states created directly below the node Machine VERSION_01_01. As
can also be seen in Figure 4.33, the State Type (and the State Name and assigned Page
to open) can also be configured in the Properties view.

4.4.3 Events

After defining a set of States in the State Machine Tree View of the CBA ItemBuilder,
Events are defined in the State Machine Rules editor that was automatically opened
as described in section 4.4.1. Events are used to trigger Transitions in the Finite-State
Machine(s). There exist two type of events:

1. Events Linked to Components: Components used in the Page Editor to create vi-
sual parts of the assessment components provide slots to link Events. For instance,
components of type CheckBox can trigger events when the user selects the Check-
Box (called Raised Event) and when the user de-selects a previously selected CheckBox
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(called Raised Alternate Event). Components that can raise one or different Events pro-
vide a contextmenuentry to link the event to events defined in theStateMachineRules
syntax.

2. Timed Events: The finite-state machine concept of the CBA ItemBuilder also in-
cludes events that are automatically triggered repeatedly after a defined time inter-
val. Such Timed Events can be used to change the behavior and appearance of items
without user interaction by triggeringTransitions.Timed events are also defined in the
StateMachine Rules syntax.

Events can also be triggered within transitions (see the raise()-operator in section
4.4.6), meaning that events that trigger transitions can be used to trigger an addi-
tional event.

Definition of Events: Before events can be linked to components in the Page Editor,
they must be defined in the State Machine Rules. While States can be created in the
StateMachine Tree Viewwith a graphical user interface, the definition of Events is only
done by syntax.The structure of the syntax for StateMachine Rules is:

Events: Event1, Event2, Event3; // Events defined as list
Rules: // Start rule

ST_Start -> ST_First {true}
// Additional rules
ST_First => ST_Second {EV_Dummy}
/*...*/

Since the syntax editor initially contains an empty document, times must enter the
keyword Events: (incl. colon) first. Afterwards at least one event must be defined, if
necessary as placeholder. The list of events must contain valid event names. Again,
valid event names must not start with a number, must not contain spaces, and only
letters or the _ character are allowed.

The assignment of event names in the State Machine Rules syntax should be chosen
in such a way that the meaning is clear from the event name. Only events must be
defined which are used within the Finite-StateMachine, e.g., for transitions between
states or the triggering of operators.The specified name should be so unique that it
can be identified in the Page Editor when using the dialog Link Raised Event.

 

 

Assigning events to components requires that the State Machine Rules changes are
saved. After defining events by listing valid event names in the StateMachine Rules,
the item must be saved to apply all changes (or both the State Machine Rules and
StateMachine Tree View editors must be closed).
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FIGURE 4.34: Link Raised Event in the context menu of the Page Editor.

To link an event to a particular component, the contextmenu in the PageEditor offers
an entry called Link Raised Event, as shown in Figure 4.34.

Link Events to Components: For most components events can be assigned (i.e.,
linked) using the context menu in the Page Editor.3 Events are triggered by click by
default (e.g., an event can be raised, if a panel is clicked, called Raised Event). Com-
ponents that can be selected or deselected, components used for text entry and for
components for audio/video content provide more specialized events are triggered
by particular actions (see below). The CBA ItemBuilder item shown in Figure 4.35
illustrates which user-interactions trigger events that can be linked for most com-
ponents.4

Components of different type provide different slots that can be used to link events.
Themeaning of the different slots is describedmostly in chapter 3 together with the
components itself.

Defining Timed Events: The definition of events that trigger automatically after a
defined amount of time is done directly in the first section of the StateMachine Rules
syntax after the keyword Events:. If a number is specified there separated by a space
after the event name, this number will be used as the time interval in seconds.

In the following example two Timed Events are defined. Event E_T1 is fired after two
3.5 seconds, E_T2 is fired after 10 seconds:

Events: E_ChangeState,
E_T1 3.5,
E_T2 10;

Rules: // ...

3Some events can only be assigned using the Properties view (i.e., some component, such as Frames, see
section 3.5.1), do not allow to assign events using the Page Editor).

4More components support events, but are not shown in Figure 4.35, for instance, Tree, Table, List,
and Timer.
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FIGURE 4.35: Item illustrating events triggered by user interactions with compo-
nents (html|ib).

The definition of timed and regular (un-timed) events (e.g., E_ChangeState) can be
mixed and time intervals can have decimal places. Timed events are started when
the finite-state machine changes the Current State.

 

 

Timed events are started (and restarted) when the statemachine changes state. To
define a recurring timed event, a state must be restarted when the event is trig-
gered (e.g., with a Self-Transition State => State, see section 4.4.7).

Timed events can be used to implement Timers (i.e., components that show the re-
maining time for a Timed Event, see section 4.4.10).

Since timed events are restarted when entering states, the processing of timed
events in finite-state machine rules is critical to their behavior, as illustrated in Fig-
ure 4.36. To create independent finite-state machines, nested finite-state machines
can be used (see section 4.4.8).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AssignEventsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AssignEventsExample.zip
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FIGURE 4.36: Item illustrating timed events (html|ib).

To fully understand the design possibilities with Timed Events shown in Figure 4.36,
one must consider the difference between different rules for defining transitions.
Transitions that lead to a change of theCurrent State are described in the next section
4.4.4, theprocessingof eventswithout changing the current state is shown in section
4.4.7. More advanced scenarios can be implemented using so-called Nested Finite-
StateMachines (see section 4.4.8 and Figure 4.63 for an example).

4.4.4 Rules

The behavior of finite-state machines is described by rules that specify how a con-
crete event of a particular type is to be processed in a particular state. If no rule is
defined that event of a particular type is to be processed in state, then thefinite-state
machine ignores events of that type in that state. If a rule is defined, then events of
this type are accepted in a state and processed according to the rule.

Start Rule (Start Transition): At runtime, each finite-state machine is initially in its
start state. A first rule with the syntax element -> is therefore necessary to define
which regular state the finite-state machine should enter first:

StartState -> StateA {true}

The definition of a state of type Start State (see section 4.4.2) and the specification of
an initialization rule from the Start State to a first Normal State is mandatory. If this
rule should always be executed, the keyword {true} is specified in curly brackets.

Advanced Use of Start Rules: When working with multiple Tasks within one CBA
ItemBuilder project file (see section 3.6) or when combining multiple finite-state

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SelfTransitionVsInternalTransitionExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SelfTransitionVsInternalTransitionExample.zip
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machines (see section 4.4.8), some additional features can be used. Finite-statema-
chine rules are defined for all Tasks of a CBA ItemBuilder project file. Instead of true
specific conditions can be formulated to initialize a finite-statemachine in a partic-
ular Task:

StartState -> StateA{isCurrentTask(Task01)}
StartState -> StateA{isCurrentTask(Task02)}

The condition isCurrentTask(TaskName) will be true, if the current task equals the
specified TaskName, so that different initial states of a finite-statemachine are possi-
ble if multiple initialization rules are defined.

It is also possible to use read the page defined in the TaskDefinition (see section 3.6.1)
in a condition for the Start Rule, as the following syntax illustrates:

ST_Start -> ST_C{current_page(page2)}

Ifmore than one start rule is defined, the order inwhich they are defined is decisive.
For the example in Figure 4.37, four tasks are defined (Task01-Task04). All tasks except
Task03 use page page1 as the Start Page (as defined in the Tasks view, see section 3.6.1).

 

 

FIGURE 4.37: Item illustrating different Start Rules for projects with multiple Tasks
(html|ib).

Here is the shortened finite-state machine syntax of the item in Figure 4.37.The or-
der of theStartRules is crucial,which canbe easily seenby the fact that only for Task04
the state ST_D is assigned.Although the condition true is always true, this last defined
Start Rule is only applied if no previous condition is true.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StartRuleExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StartRuleExamples.zip
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Events: Placehoder; // No event is used in this example, but the syntax
// requires the definition of at least one event.

Rules: ST_Start -> ST_A{isCurrentTask(Task01)| /* ... */ }
ST_Start -> ST_B{isCurrentTask(Task02)| /* ... */ }
ST_Start -> ST_C{current_page(page2)| /* ... */ }
ST_Start -> ST_D{true| /* ... */ }

In simpleCBA ItemBuilder projects, typically only one StartRule is neededper finite-
state machine. Besides the first transition in a regular state, further rules are used
as described next.

RegularRules (StateTransitions):Thepossible connections between (normal) states
are defined as transitions with rules using the syntax element =>:

StateA => StateB {TriggerEvent}

State Transitions can be read this way: From state StateA is changed to state StateB
when event TriggerEvent occurs.

 

 

TheCBA ItemBuilder distinguishes between different rule types in the finite-state
machine implementation.The twomost important rule types are a Start Transition
(->) andmultiple State Transitions (=>).

As TriggerEvent all events can be used, which are defined after the keyword Events:
at the beginning of the StateMachine Rules syntax.The use of Timed Events is possible
as well as the use of Events created by user interactions with a component created in
the Page Editor.

The use of user interactions in the finite-state machine of the CBA ItemBuilder is
done via events that are first defined in the State Machine Rules. These events are as-
signed to components via Link Raised Event and the Events can be used within Rules
for State Transitions.

In this way, the processing of user interactions becomes dependent on the Cur-
rent State of a finite-state machine. Conditions (i.e. different processing of identi-
cal events) are realized by defining different rules for different States (see Figure 4.38
below).

 

 

An event can trigger only one rule for each finite-state machine. If more than one
transition is defined for a state, which should be executed at an Event, the order in
the syntax decides! For the readability and simpler interpretation this should be
avoided!
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Actions in Transitions (Operators): The Current State of a finite-state machine can
be interpreted like the value of a categorical variable.Thus, it already represents in-
formation in itself. For the use of finite-state machines for the dynamic design of
assessment components, however, the Transitions are also central, i.e. the transi-
tions between States which are triggered by Events. With these Transitions changes
can be made to the item, for instance, to the visual representation or to values of
Variables, which form the dynamic parts of items depending on user interactions or
Timed Events.

To trigger actions for a defined Transitions of a finite-state machine in state StateA
when the Event TriggerEvent occurs, Operators can be called as seen in the following
syntax:

StateA -> StateB {TriggerEvent | Operator1(), Operator2(), ..., OperatorN())}

The names of the states (StateA and StateB) can be freely assigned when defining
them in the State Machine Tree View (see section 4.4.2) and should be chosen sensi-
bly in the context of the current CBA ItemBuilder project. Similarly, the names of
Events can be freely specified by entering text in the State Machine Rules syntax (see
section 4.4.3). In contrast, the operators inserted to the right of the | character in
the syntax must be valid operators provided by the CBA ItemBuilder. Operator1(),
Operator2() etc. in the example, are for illustration purposes only. Operators may
require arguments, which are passed in single parentheses. If multiple arguments
are passed, theymust be separated by commaswithin the single parentheses.When
entering operators, the auto-complete function helps (see section 4.1.1). Care must
be taken to ensure exact spelling, including upper and lower case. A description of
valid operators can be found in section 4.4.6.

The use of operators is also possible with Start Rule, as the following syntax illus-
trates:

StartState -> StateA {true | Operator1(), Operator2(), ..., OperatorN())}

A selection of operators can also be used in the Task Initialization syntax (see section
4.5).
Self-Transitions: Transitions from a state A to the identical state A are called Self-
Transitions. Self-Transitions restart the Current State A, and must therefore be distin-
guished from the use of operators without transitions (with the keyword internal)
and the execution of operators when entering (with the keyword entry) and leaving
(with the keyword exit) states (see section 4.4.7).
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Self-Transitions (StateA => StateA {TriggerEvent|Operators()}) re-start the Current
State and are not identical to internal processing of events (StateA internal {Trig-
gerEvent|Operators()}).

In addition to operators, conditions can be defined for transitions, as described in
the next section 4.4.5.

 

 

FIGURE 4.38: Item illustrating simple Transitions (html|ib).

Figure 4.38 shows a simple item with four States and two Events. The two Events are
linked to thebuttons. ST_Start is the start state that always leads to state ST_Abecause
of the first rule (ST_Start -> ST_A{true}):

Events: EV_Next, EV_Previous;
Rules: ST_Start -> ST_A{true}
// Transitions when FSM is in state ST_A
ST_A => ST_A{EV_Previous|openDialog(dialogBegin, 240, 20)}
ST_A => ST_B{EV_Next|setEmbeddedPage(PA,pageB)}
// Transitions when FSM is in state ST_B
ST_B => ST_C{EV_Next|setEmbeddedPage(PA,pageC)}
ST_B => ST_A{EV_Previous|setEmbeddedPage(PA,pageA)}
// Transitions when FSM is in state ST_C
ST_C => ST_C{EV_Next|openDialog(dialogEnd, 240, 20)}
ST_C => ST_B{EV_Previous|setEmbeddedPage(PA,pageB)}

In each state, the events EV_Previous and EV_Next are used in transitions. ST_A is
the first in the sequence, if event EV_Previous occurs in state ST_A the openDialog()-
operator (see section 4.4.6) is used to show the page dialogBegin at position𝑋 = 240

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StateTransitionExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StateTransitionExample.zip


294 4 Enrichting Items using Dynamic Content

and𝑌 = 20. If the event EV_Next occurs in state ST_A, the the rule requests the finite-
state machine to change to state ST_B and the showEmbeddedPage()-operator is used
to show the page with name pageB in the PageArea with UserDefinedID: PA. Rules for
state ST_B define transitions for both events. Event EV_Next is used to change to state
ST_C and to show the embedded page pageC, and EV_Previous changes to state ST_A
and shows the embedded page pageA. Hence, the same buttons linked to the events
EV_Previous and EV_Next are used and the triggered events are processed differently,
according to the Current State of the finite-state machine.

4.4.5 Condional Rules (Guards)

Transitions in the finite-state machine are described by rules that specify how the
finite-state machine should react to an event. Conditions (Guards) can be used to
restrict that a transition is only executed, when a condition (typically formulated
using Variables, see section 4.2.1) is fulfilled.

Conditions in Rules (Guards): The definition of conditions in transitions of the
finite-state machine is introduced by a colon, followed by the condition in square
brackets:

StateFrom => StateTo { EventName : [Condition] | Operator)}

As usual, operators are optional (if no operators are required, the syntax simplifies
to StateFrom => StateTo { Event : [Condition]}). Conditions are typically formulated
by using variables (see section 4.2), and only variables of type INTEGER or NUMBER are
currently supported in guards.

The conditions need not bemutually exclusive. However, it is important to note that
the order of the rules can be relevant.The first condition that is fulfilled for the cur-
rent state and for which a rule is defined for an event will be executed.

In the following definition, if the variable V_Example has the value 3, for example, the
second transitionwould be executed (if event EV_Examplewas raised and themachine
is in state state1), but not the third transition:

state1 => state2 {EV_Examle : [V_Example>10] | /*...*/ } // Transition 1
state1 => state3 {EV_Examle : [V_Example<5] | /*...*/ } // Transition 2
state1 => state1 {EV_Examle : [V_Example<4] | /*...*/ } // Transition 3

The finite-state machine would then be in state state3 after processing event
EV_Example, if the value of V_Examplewould be 3.

Named variable values (see section 4.2.1) can be used to make the finite-state ma-
chine syntaxmore readable, and syntax comments are suggested (see section 4.1.2).
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state1 => state2 { event : [Variable1 == Variable1.NameValue1] | /*...*/ }
state1 => state3 { event : [Variable1 == Variable1.NameValue2] | /*...*/ }

If conditions are used in particular to execute different operators on identical state
changes, then a shortenednotation canbeused.The following long formdefines two
different conditions, for the identical self-transition that occurs within state1.

state1 => state1 { event : [Condition1] | Operator1() }
state1 => state1 { event : [Condition2] | Operator2() }

For a clearer presentation, the formulation can also be shortened as follows:

state1 => state1 { event : [Condition1] | Operator1() }
{ event : [Condition2] | Operator2() }

ItemExample: A content motivated example of a conditional transition can be seen
in Figure 4.39. In this example, theNext-button should only be activated after 5 sec-
onds (see Blocked Item Response in section 2.4.1 for more background). Timed events
(see section 4.4.3) can be used for this purpose, in combination with the so-called
unsetFrozen()-operator (see section 4.4.6 below for details).

In the example, the timed event EV_TimeTick is triggered every second. In a variable
V_TimeOnPage, it counts how long the page has been visible, i.e., the variable is in-
cremented by 1 every second if the maximum value has not yet been reached. If the
maximum value is reached, the Next button is activated.

For illustration purposes there is also a reset button is added to the example, which
can be used to reset the time.

The following listing shows the finite-statemachine syntax including the conditions
[V_TimeOnPage<4] and [V_TimeOnPage>=4] for the item shown in Figure 4.39:

Events: EV_TimeTick 1, EV_Reset;
Rules: Start -> page{true|raise(EV_Reset)}
page => page
// Condition 1
{EV_TimeTick:[V_TimeOnPage<4]|set(V_TimeOnPage,V_TimeOnPage+1)}
// Condition 2
{EV_TimeTick:[V_TimeOnPage>=4]|unsetFrozen(ButtonNext),set(V_TimeOnPage,5)}
{EV_Reset|set(V_TimeOnPage,0),setFrozen(ButtonNext)}
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FIGURE 4.39: Item illustrating a delayed activation of a button using a timed event
and the unsetFrozen()-operator (html|ib).

Processing the event EV_TimeTick is central to the illustration of condi-
tions in state machine rules. If the variable V_TimeOnPage has a value less
than 4, the variable V_TimeOnPage is increased by one with the statement
set(V_TimeOnPage,V_TimeOnPage+1) (see section 4.4.6 for details on the set()-
ooperator). Since condition 1 is fulfilled, the processing of the event ‘EV_TimeTick’
is thus terminated (the button remains deactivated). If condition 1 is no longer
fulfilled, i.e. the variable V_TimeOnPage has a value that is not less than 4, the
CBA ItemBuilder runtime checks whether condition 2 is fulfilled when the event
EV_TimeTick occurs. This is always the case in this example. Connected to the
transition defined for condition 2, the ButtonNext-button is then activated (i.e. the
operator unsetFrozen(ButtonNext) is executed, see section 4.4.6). For cosmetic
reasons the variable V_TimeOnPage is also set to the value 5, because in the example
item it is displayed with a so called NumberValueDisplay (see section 4.2.5).

In addition, the syntax shownalso shows the EV_Reset event,which is assigned to the
reset button. This event is also triggered during initialization of the state machine,
i.e. in the transition from the start state Start to the state page using the operator
raise() (see section 4.4.6).When themachine is in state pageand the event EV_Reset is
triggered, the variable V_TimeOnPage is set to the value0and thebutton is deactivated.

Note: In a real application, the timed event EV_TimeTickwould be defined to fire after
the requiredamount of time (without the additional variable that counts thenumber
of ticks). By this change, the functionality illustrated in the example shown in Figure
4.39 can be achieved without conditional rules, and the unsetFrozen()-operator can
be executed directly after the required amount of time.

Contextualization of Events: As the following example in Figure 4.40 illustrates, the
meaning of events can change depending on the current state.

Combination of Conditions: A specific syntax is available to combine conditions to

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DelayForwardNavigationExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DelayForwardNavigationExample.zip
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FIGURE 4.40: Item illustrating contextual dependency of events (html|ib).

more complex logical expressions.5Note that logical expressionsneed tobe in square
brackets, and grouped into pairs of two (see also section 4.1.3).

// V1 == 1
state1 => state2 {EventName : [V1==0]}

// V1 == 1 and V2==2
state1 => state2 {EventName : ([V1==1] and [V2==2])}

// V1 == 1 or V2==2
state1 => state2 {EventName : ([V1==1] or [V2==2])}

// (V1 == 1 or V2==2) and (V3==3)
state1 => state2 {EventName : (([V1==1] or [V2==2]) and [V3==3])}

Current Task in Conditions: As already described for Start Rules (see section 4.4.4),
conditions make use of the the isCurrentTask(Taskname)-syntax. However, to define
a valid condition for a conditional finite-state machine rule, it must be wrapped in
an additional ifthenelse(Condition, ExprTrue, ExprFalse)==ExprTrue)-block:

state1 => state2 {EventName : [ifthenelse(isCurrentTask(Task01),1,0)==1]}

The isCurrentTask(Taskname) evaluates to true if the current Task has the name speci-
fied as Taskname. In this case, the ifthenelse(Condition, ExprTrue, ExprFalse) returns

5Note that the variable_in()-operator, that is available for scoring purposes (see section 5.3.5) is not
available in conditions of the finite-state machine.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FSMFirstIntroExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FSMFirstIntroExample.zip
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ExprTrue, i.e., the value 1. This value is then compared with ==1 and the condition is
true if Taskname is the current Task.

Current Page in Conditions: The identical procedure can also be used to formulate
transitions between states with conditions that check whether a particular page is
the current page:

state1 => state2 {EventName : [ifthenelse(current_page(pagename),1,0)==1]}

Text Input in Conditions: Specifically for text input only, the CBA ItemBuilder also
provides the ability to use the matches()-operator to check whether specific text is
entered into an input field (or whether the text matches a regular expression):

state1 => state2 {EventName :
[ifthenelse(matches(UserDefinedId,"text or regex"),1,0)==1]}

Mathematical Expressions in Conditions: Simple mathematical calculations using
basic arithmetic (+, -, *, / and %) and some selected functions (floor / ceil / trunc and
round) can be used in conditions:

state1 => state2 {EventName : [V1 >= V2]}
state1 => state2 {EventName : [V1 + V2 == V3]}
state1 => state2 {EventName : [round(V1/2) == V1*2]}

Elapsed Time in Conditions: The elapsed time (in milliseconds) during task execu-
tion of the current task can also be used in conditions:

state1 => state2 {EventName : [elapsedTime() < 5000]}

In the current version of the CBA ItemBuilder, scoring operators and access to other
components (such as CheckBox, RadioButton etc.) are not provided for conditional
rules (guards). However, in most instances, variables can be used instead. An ex-
ample showing different conditional rules can be found in Figure 4.41.

4.4.6 Operators

The transitions between states defined by Rules (see section 4.4.4) and the internal
processing of events without state changes as well as entry and exit of States (see
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FIGURE 4.41: Item illustrating the combination of condition in Rules (html|ib).

section 4.4.7) can be used to execute operators. The available operators of the CBA
ItemBuilder are described next.

Operators for Variables: For variables defined in the Browse Variables view (see sec-
tion 4.2.1), the set()-operator and a reset()-operator is available to be used either in
the Finite-StateMachine or in Conditional Links (see Figure 4.42).

set(Variable, Value)
reset(Variable, Variable, ...)

 

 

FIGURE 4.42: Item illustrating the operators set() and reset() (html|ib).

The set()-operator assigns the provided value to a particular variable and requires

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ConditionalRulesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ConditionalRulesExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ChangeVariablesByOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ChangeVariablesByOperatorsExample.zip
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two arguments:Thefirst argument is the variable name (without quotes), the second
argument is the value that should be assigned to the variable. The value can also be
provided as formula, for instance, referring to other variables.

 

 

In the Finite-statemachine syntax of the CBA ItemBuilder, the variable name iswrit-
ten in the operators set() and reset() without quotation marks directly in brack-
ets.

The reset()-operator assigns the value 0 to the variable (or variables) provided as
arguments. The reset(Var1)-operator is identical to the statement set(Var1,0). The
set()-operator is also available for conditional links, but the reset()-operator is pro-
vided for finite-state machine syntax only and must be re-written using the set()-
operator for conditional links.

Operator to FreezeComponents: Figure 4.43 demonstrates how components can be
changed to Frozen using the setFrozen()-operator.

setFrozen(UserDefinedId)
unsetFrozen(UserDefinedId)

The setFrozen()-operator is illustrated in Figure 4.43 for Finate-State Machines and
Conditional Links. In the Finite-State Machine the operator is triggered with an event
EV_SetFrozen linked to the buttonSetFrozen. If the components are frozen, the button
Un-set Frozen linked to the event EV_UnsetFrozen changes the components back to the
default (Is Frozen: false).

 

 

FIGURE 4.43: Item illustrating the operators setFrozen() and unsetFrozen()
(html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFrozenExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFrozenExample.zip
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The following listing shows the shortened finite-state machine syntax for the item
shown in Figure 4.43:

Events: EV_SetFrozen, EV_UnsetFrozen; // Definition of two events
Rules: Start -> ST_Unfrozen {true | /*...*/} // Rule 1
ST_Unfrozen => ST_Frozen {EV_SetFrozen | //... // Rule 2

setFrozen(myButton),
setFrozen(myInputField),
setFrozen(mySingleLineInputField),
//...

}
ST_Frozen => ST_Unfrozen {EV_UnsetFrozen | //... // Rule 3

unsetFrozen(myButton),
unsetFrozen(myInputField),
unsetFrozen(mySingleLineInputField)
//...

}

After the task is loaded the finite-state machine changes from state Start to state
ST_Unfrozen (Rule 1). In state ST_Unfrozen the components myButton, myInputField and
mySingleLineInputField are not frozen (property Is Frozen in section Misc of the Prop-
erties view is false). The finite-state machine defines the two events EV_SetFrozen
and EV_UnsetFrozen. The two events are triggered by the buttons Set Frozen and Un-
set Frozen. If the item is in the state ST_Unfrozen the event EV_SetFrozen triggers
the transition to state ST_Frozen (Rule 2). In this transition, the setFrozen()-operator
is used, to change the Is Frozen property of the components with the user define
Ids myButton, myInputField and mySingleLineInputField to true. Likewise, the event
EV_UnsetFrozen triggers the transition to the state ST_Unfrozen, and in this transition
the unsetFrozen()-operator is applied to the components (Rule 3).

 

 

In the Finite-state machine syntax of the CBA ItemBuilder, the UserDefinedId of the
component to be changed is written directly in brackets in the operators set-
Frozen(UserDefineId)/unsetFrozen(UserDefineId)‘ without additional quotation
marks.

The setFrozen() / unsetFrozen() - operators can also be used in Conditional Links as
shown in the lower part of Figure 4.43.The conditional link syntax refers to the cur-
rent page (i.e., no page is changed when the Conditional Link is triggered.The literal
true is usedas the condition,meaning thatno specific conditionneeds tobe fulfilled,
and the list of operators right to the |we be always executed.
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{page: true | setFrozen(myButton)
setFrozen(myInputField)
setFrozen(mySingleLineInputField)
/*...*/
setFrozen(myFrame,0)}

The setFrozen() / unsetFrozen()-operators are can be applied to input elements (i.e.,
components of type Button, SingleLineInputField, InputField, Checkbox, RadioButton,
ComboBox, List and Menu) and the operators are also available in conditional links (see
Figure 4.43). The operators can also be applied to Frame Select Groups (see section
3.9.4) when two arguments are provided: The UserDefinedId of the Frame and the
index of the Frame Select Group (i.e., the GroupNumber starting with 0).

setFrozen(Frame, GroupNumber)
unsetFrozen(Frame, GroupNumber)

Operators toHide/ShowComponents: Components canbenot only frozen from the
Finite-StateMachine andusing operators inConditional Links, but also completely hid-
den:

setHidden(UserDefinedId)
unsetHidden(UserDefinedId)

AsFigure 4.44 shows, theoperators setHidden()and unsetHidden() canbeused tohide
and show components specified by a valid User Defined Id.

Components of type PageArea, Table, ImageMap, and List are not supported by the
setHidden()-/unsetHidden()-operator. Panels are supported, but components nested
within panels are not affected by hiding / un-hiding Panels.

The operators can also be applied to Frame Select Groups (see section 3.9.4) when two
arguments are provided: The UserDefinedId of the Frame and the index of the Frame
Select Group (i.e., the GroupNumber starting with 0).

setHidden(Frame, GroupNumber)
unsetHidden(Frame, GroupNumber)

Operator to Focus Input Fields: In SingleLineInputFields and InputFields (see sec-
tion 3.9.1) text can only be entered if these components are focused. The following
operator can be used to set the input focus from the finite-state machine or from
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FIGURE 4.44: Item illustrating the setHidden()- / unsetHidden()-operator (html|ib).

conditional links to SingleLineInputFields or InputFields with a named User Defined
Id.

focus(UserDefinedId)

The item shown in Figure 4.45 illustrates the use of the focus()-Operator, used either
in the Finite-StateMachine or in Conditional Links.

 

 

FIGURE 4.45: Item illustrating the focus()-operator (html|ib).

Operator to Insert Text into Input Fields: For technical reasons (e.g., when using
touch screens) or for diagnostic reasons (e.g.,when administering tests to children),
it may be challenging to enter special characters or special characters in compo-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetHiddenExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetHiddenExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFocusExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFocusExamples.zip
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nents of type SingleLineInputFields and InputFields (see section 3.9.1). For these sit-
uations, CBA ItemBuilder provides an operator for inserting text:

insertText(InputField, TextToInsert, InsertPosition, DropLength)

The operator requires at least two arguments, the UserDefinedId of the component
into which text is to be inserted (InputField) and the argument TextToInsert spec-
ified in quotes (e.g., " * "). The text can contain several characters. Figure 4.46
shows an example where the insertText()-operator is used together with the fo-
cus()-operator. Both operators can be used as operators in the finite-state machine
and in conditional links.

 

 

FIGURE 4.46: Item illustrating the insertText()-operator (html|ib).

 

 

Unicode characters can also be inserted into ‘InputFields’ and ‘SingleLineInput-
Fields’ using the insertText() operator. 6.

If the argument InsertPosition is not specified, the value−1 is used as default with
the meaning that the text added to the end of the old text (i.e., the already exist-
ing text in the InputField). If InsertPosition is specified, an additional argument
DropLength can be provided. If a value different from -1 is provided for DropLength,
the specified number of old characters startingwith the InsertPosition to the end of
the old text will be dropped. If not given it defaults to -1 (i.e. drop all old characters
after the insert position).

Operator to Select Components: Components that can be selected (Buttonswith the
property Is Toggle: true, Checkboxes and RadioButtons) can be selected (setActive)
and deselected (unsetActive) from the Finite-StateMachine or in Conditional Links:

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InsertTextExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InsertTextExample.zip
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setActive(UserDefinedId)
unsetActive(UserDefinedId)

The operators (see Figure 4.47) require a valid User Defined Id as an argument.

 

 

FIGURE 4.47: Item illustrating the setActive()-/ unsetActive()-operator (html|ib).

The operators setActive() and unsetActive() can be applied to frozen components.
Constraints resulting from defined groups of components (i.e., RadioButtonGroups,
see section 3.9.2, and Frame Select Groups, see section 3.9.4) are applied.

Operators for Text-Highlighting: The color for text highlighting can be defined us-
ing the following finite-state machine operators (see appendix B.2):

setGlobalProperty(highlight_color,"-5848680")}

Another operator is available for conditional links to enable and disable the
highlighting-feature for text fields (see section 3.8.3 for more details):

setHighlightable(UserDefinedId)
unsetHighlightable(UserDefinedId)

The use of both operators is illustrated in Figure 4.48 (see also Figure 3.84 in sub-
section 3.8.3). To find the correct value for the third argument (i.e., the RGB color
integer value), use the internal color editor to format, for instance, the background
color of a panel. Copy then the value of the color property (from theProperties view) to
the statemachine syntax, and included it into the operator within double quotation
marks (").

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetActiveExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetActiveExample.zip
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FIGURE 4.48: Item illustrating operators for text highlighting (html|ib).

Operators to Set Values of Components: The default text of components to collect
text responses (see section 3.9.1) can be defined using the property text (in the Prop-
erties-view). During runtime, text of input fields can also be changed using the set-
InputValue()-operator:

setInputValue(Source,Target) // Use-case 1
setInputValue(Source,Target,"New text for the source") // extended

setInputValue(Source,Source,"New text for the source") // Use-case 2

Source and Target are UserDefinedIds of InputFields or SingleLineInputFields. The
setInputValue()-operator is illustrated in Figure 4.49. Use-case 1 shows how to copy
the text from one input field (Source) to another (Target). The extended version
shows how to specify an additional text, that is used as the new text in the source
field, after the existing text is copied to the target field. Use-case 2 uses identical
UserDefinedIds for source and target, but uses the additional text to set the value of a
specific InputField or SingleLineInputField.

Operators for Frame Select Groups: As described above, components can be disabled
with the setFrozen()-operator. The components will then remain visible but shown
in a way that indicates that these components cannot be used. For components that
allow selection (e.g., checkboxes, radio buttons, toggle buttons), it can also be help-
ful to disable the ability to select without displaying them visually differently. This
functionality is suggested, for example, if radio buttons or checkboxes are shown in
an instruction andwhen it is desired that the components are presented in the same
way as they are used in the following tasks.

Frame Select Groups, asdescribed in section3.9.4, canbeconfigured tobenot selectable

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HighlightingOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HighlightingOperatorsExample.zip
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FIGURE 4.49: Item illustrating the setInputValue()-operator (html|ib).

at design time, and the operator unsetSelectable() can be used to change Frame Se-
lect Groups at runtime:

setSelectable(Frame, GroupNumber), unsetSelectable(Frame, GroupNumber)

The operator requires as the first argument the UserDefinedId of the Frame in which
the Frame Select Group is defined. The second argument refers to the group index
(i.e., the number corresponding to the Frame Select Group, starting with 0). The
item shown in Figure 4.50 illustrates the use of the setSelectable()- and unsetSe-
lectable()-operator in the Finite StateMachine.

 

 

FIGURE 4.50: Item illustrating the Operators for Frame Select Groups (html|ib).

Also, the other properties of frame select groups (i.e.,Multiple Select andNoDeselect,

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetInputValueOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetInputValueOperatorExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FrameSelectGroupOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FrameSelectGroupOperatorsExample.zip
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see section 3.9.4 for a description) can be modified at runtime using the following
operators from the Finite-StateMachine:

setMultiselect(Frame, GroupNumber), unsetMultiselect(Frame, GroupNumber)
unsetNoDeselect(Frame, GroupNumber), setNoDeselect(Frame, GroupNumber)

Note that previous versions of the CBA ItemBuilder used implicit select groups
within containers (i.e. all components within a container such as Panel, ImageMap,
RadioButtonGroup, etc.). For this reason, the syntax setSelectable(Container or Ta-
ble), unsetSelectable(Container or Table), setMultiselect(Container), unsetMultis-
elect(Container), unsetNoDeselect(Container) and unsetNoDeselect(Container) is still
valid. However, implicit select groups are deprecated and replaced by the Frame Se-
lect Groups (see section 3.9.4).

Operators for MapBasedValueDisplays (i.e., Drag-and-Drop): The ability to perform
drag and drop operations with ‘MapBasedValueDisplays’ (see section 4.2.6) is acti-
vated by defining the ‘Drop Mode’ property different from DROP_NONE. With the help
of the setValueDisplayMode()-operator this property can be also controlled from the
Finite-StateMachine:

setValueDisplayMode(UserDefinedId, Mode)

The followings keywords are defined for the argument Mode:

• dd_none: The component does not allow dragging or dropping.
• dd_drag: The component only allows dragging.
• dd_drop: The component only allows dropping.
• dd_dragdrop: The component allows both dragging and dropping.

Operators to Trigger Commands: Navigation between Tasks using Commands is es-
sential for the use of assessment components createdwith theCBA ItemBuilder (see
section 3.12). In parallel to Commands that can be linked directly to buttons, the CBA
ItemBuilder provides operators for the Finite-State machine to enable navigation be-
tween Tasks:

next_task()
back_task()
cancel_task()

The operators are not available for Conditional Links.
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FIGURE 4.51:Example for the task-related operators (html|ib).

Note that, if supported by the deployment software (see chapter 7), the next_task()-
operator is also prepared to take either a TaskName or a TestName and a TaskName as
arguments.

Operators for Dialog Pages: The openDialog()-operator can be used to open a par-
ticular page as regular dialog at a specific position provided as𝑋 and 𝑌 coordinate
(see Figure 4.52).

openDialog(PageName, X, Y)

Note that the page can only opened once (either left or right) and that the modal
dialog is configured using the frame as Dialog=MODAL_DIALOG and Closable=false (see
section 3.15.1).

Dialog pagess can be closed with the closeDialog()-operator (when visible):

closeDialog(PageName)

Instead of specifying the name, dialog pages can also be closed using the flags isX-
Page and isModal:

closeDialog(isXPage, isModal)

Operators for Scrolling: If necessary, the scrolling of pages can be triggered from

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskRelatedCommandOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskRelatedCommandOperatorsExample.zip
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FIGURE 4.52:Example for the openDialog() and closeDialog()-operators (html|ib).

the Finite-State Machine. For main pages (regular pages or X-pages), the following
operator is available:

scrollTopLevelPage(isXPage, PositionParameter, PositionParameter)

Theargument isXPage canbe set to true, if theXPage shouldbe scrolled.The Position-
Parameter can either be defined in % or in pixels, as shown in the following examples:

scrollTopLevelPage(false, yPosition=>0px)
scrollTopLevelPage(false, yPosition=>50%)
scrollTopLevelPage(false, xPosition=>30px, xPosition=>50%)
scrollTopLevelPage(false, xPosition=>0px, xPosition=>0px)

A second operator is provided to scroll embedded pages, illustrated in Figure 4.53.

scrollEmbeddedPage(PageArea-ID, PositionParameter, PositionParameter)

Operators forMediaComponents: An operator to start, stop and resume audio and
video outputs can be used for multiple purposes. As shown in Figure 4.54, it can be
used to limit the frequency of audio output. It is also possible to automatically start
audio or video output when a page is visited, a state occurs, or an event is triggered.
Finally, this operator is essential to replace the default control buttons for ‘Audio’ and
‘Video’ components.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DialogOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/DialogOperatorExample.zip
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FIGURE 4.53:Example for the scrollEmbeddedPage()-operator (html|ib).

 

 

FIGURE 4.54: Item illustrating restriction to play media components (html|ib).

To start, stop andpause the audio or video output, theCBA ItemBuilder provides the
setMediaPlayer() operator.This operator takes two arguments. Argument 1 specifies
which audio or video component should be changedwith the User Defined Id. Argu-
ment 2 is the action to be performed:

setMediaPlayer(ComponentID, Action)

The requested action can be either mp_start, mp_stop or mp_pause. The item in Figure
4.55 provides an example.

A similar operator can also be used to control the volume of audio or video outputs.
The setMediaPlayerVolume operator also needs as the first argument the User Defined

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScrollOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScrollOperatorExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioPlaybackRestrictionExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioPlaybackRestrictionExamples.zip
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FIGURE 4.55: Item illustrating operators for media components (html|ib).

Id of the component to be changed and as the second argument the volume to be set.
This operator can also be called before the first audio output to control the default
volume:

setMediaPlayerVolume(ComponentID, Value)

Therequested value is an integer value between 0 (not audible or silent) and 10 (max-
imum volume).

In the Task Initialization syntax (see section 4.5), the properties ofmedia components
can also be defined.The initMediaPlayer() operator is available for this purpose:

initMediaPlayer(ComponentID, Property, Property, ...)

The ComponentID is the UserDefinedId of a component of type Audio or Video, and the
property values are specified as shown in the following example:

{page:true|initMediaPlayer(mp,automaticStart=>true, hideControls=>true, maxPlay=>2)}

Note that the initMediaPlayer()-operator is only available in the Task Initialization
syntax and that the operators ? ´setMediaPlayer()andsetMediaPlayerVolume()‘ are
only available in the Finite-StateMachine syntax.

Operators for Calculator: The CBA ItemBuilder provides a Calculator Engine, which
can be used to convert different calculators. The connection of the Calculator Engine

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioPlayerOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AudioPlayerOperatorsExample.zip
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FIGURE 4.56:Example for Calculator-operators (html|ib).

with the designed page is realized by calling operators in the Finite-StateMachine (see
Figure 4.56 for an example).

The calcOpnd()-operator is required for implementing digit input (i.e., cal-
cOpnd(add, 0) to calcOpnd(add, 9)), for deleting the last character (calcOpnd(back)),
for changing the sign (calcOpnd(invadd)), and for adding the decimal separator
(calcOpnd(decimal)).

calcOpnd(Operation, Digits)

To request a specific calculation, the calcOp()-operator is available (see Figure 4.56
or Table B.2 for possible values of the arguments Operation and IntegerParam).

calcOp(Operation, IntegerParam)

To read the value of thememory, the following operator is available (with MemoryIndex
as index, starting with 0):

calcGetMem(MemoryIndex)

General settings of the operator canbedefinedwith the calcSettings()-operator (see
Table B.2 for possible Parameters and the Finite-State Machine defined in Figure 4.56
for an example).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CalculatorOperatorsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CalculatorOperatorsExample.zip
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calcSettings(Parameter, Parameter, ...)

Operators for Embedded Pages: Links in pages embedded are processed within the
PageArea of the source page, and the setEmbeddedPage()-operator that was already in-
troduced in section 4.3.4 can be used to change an embedded page of any PageArea
specified by the User Defined Id:

setEmbeddedPage(PageAreaUserDefinedId,PageName)

Within a given CBA ItemBuilder project file, the User Defined Id of all components
must beuniqueand theCBAItemBuilder ensures thatnoUserDefined Id is usedmore
than once (see section 3.7.4).Moreover, pages have uniquenames and theCBA Item-
Builder only allows the specification of page names not yet used within a project file
(see section 3.4). However, multiple components of type PageArea (see section 3.5.4)
can be used to embeds identical pages. Accordingly, the complete path ofUserDefine-
dIds is necessary to specify which page should be changed by the setEmbeddedPage()-
operator. Figure 4.57 shows that the setEmbeddedPage()-operator can also be used to
switch pages within pages (i.e., nested PageAreas), whereby theUserDefinedId’s of the
PageArea-components must be concatenated with a dot:

setEmbeddedPage(ParentPageArea.ChildPageArea,PageName)

Since this logic is a common source of errors when using nested pages, it has been
explicitly mentioned again here (see also sections 4.1.4 and 5.3.9).

 

 

FIGURE 4.57:Example for setEmbeddedPage()-operator (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetEmbeddedPageOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetEmbeddedPageOperatorExample.zip
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As shown in Figure 4.57, the setEmbeddedPage()-operator can be used in both the
finite-state machine and conditional links. When first called, the operator over-
writes the static assignment made when configuring the PageArea via the context
menu and the Link Embedded Page entry (see section 3.5.4).

Note that the setEmbeddedPage()-operator does not work for TreeChildAreas since
these are controlled by their attached tree (see section 3.9.9).

Operator to Raise / Trigger Events: Mainly for technical reasons and to structure or
simplify the finite-state machine syntax, additional events can also be triggered as
operators. For this requirement the raise() operator is available in the finite-state
machine syntax, which expects the name of a defined event as argument.

raise(EventName)

Events can also be triggered in Conditional Links. The following operator can be used
for this purpose (see Figure 4.58 for an example):

initFSM(EventName)

 

 

FIGURE 4.58:Example for raise() and initFSM()-operator (html|ib).

Operators toChangeEvents: TimedEvents as introduced in subsection 4.4.3 are trig-
gered automatically after a specific amount of time. For that purpose, the interval
is specified, when the Timed Event is defined in the State Machine Rules File. Remem-
ber that timed events are automatically started when a state is entered and that an
internal transition is different from a self-transition (see subsection 4.4.7). Hence,
Timed Events are often used multiple times (because, for instance, the current state
of a Finite-State Machine is changed triggered by the Timed Event, meaning the timer

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RaiseFSMEventsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RaiseFSMEventsExample.zip
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is restarted every time). A specific setFSMEvent()-operator is provided to modify the
time interval for a Timed Event:

setFSMEvent(EventName, Time)

The item in Figure 4.59 illustrates the setFSMEvent() operator.

 

 

FIGURE 4.59:Example for raise() and initFSM()-operator (html|ib).

The item in Figure 4.59 provides an example also for another operator, that changes
the page that is assigned to a state (see section 4.4.9 for the concept of Pages assigned
to States):

setFSMState(StateName, PageName)

In the example in Figure 4.59 the button Remain Page1 and Alter Pages trigger con-
ditional links that contain the setFSMState()-operator. If the button Remain Page1 is
clicked, the state ST_NavigationPage2 is assigned to the start page of the Task (i.e.,
page1). But if the button Alter Pages is clicked, the conditional link triggers the oper-
ator setFSMState(ST_NavigationPage2, page2) and changes the page that is assigned
to the state ST_NavigationPage2.

The setFSMEvent()- and setFSMState()-operators are only available for Conditional
LinksandTaskInitializationandonly integernumbers canbeassigned toTimedEvents.

Operators toCreateTraceMessages:Events in this chapter always refer to the events
defined in the syntax (see section 4.4.3), which are used to control the finite-state
machine. With the help of special operators, however, entries can also be written to
the log data (i.e., trace messages can be created):

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFSMExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SetFSMExample.zip
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trace_text(text)

The text argument is interpreted as Argument Lists (see section 4.1.5), so that addi-
tional argument such as variables can be used to include additional values in the
stored text.

trace_typed_text(type, text)

 

 

The assessment components created with the CBA ItemBuilder provide Raw Log
Events without further effort. To create Contextualized Log Events, which indicate
specific test-taker behavior (see section 2.8.1), the FSMoperators trace_text() and
trace_typed_text() can be used.

Item authors can use the following operators to trigger the creation of a snapshot:

trace_snapshot(TextSource)
trace_snapshot(TemplateSource, ValueSource, ValueSource, ...)
trace_typed_snapshot(Type, TextSource)
trace_typed_snapshot(Type, TemplateSource, ValueSource, ValueSource, ...)

Operators for Tree-Components: To make changes to Tree components, the CBA
ItemBuilder provides the following two operators:

tree_move(Tree, NodeIdPattern)

tree_copy(Tree, NodeIdPattern)

Operator to Measure (Elapsed) Time: Timed events (as described in section 4.4.3)
give item authors the ability to define actions or changes after a specified time.
Hence, timed events allow various scenarios to be implemented, but no precise time
measurement is possible when user interactions need to be incorporated. For this
use case, the elapsedTime() operator can be used, which returns the elapsed time
since the start of a task in milliseconds.
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elapsedTime()

Figure 4.60 illustrates the use of the elapsedTime()-operator tomeasure the time be-
tween two clicks:

 

 

FIGURE 4.60:Example illustrating the elapsedTime()-operator (html|ib).

4.4.7 Trigger Operatorswithout Transitions

Finite-state machine rules consist primarily of defined Transitions from a state A to
a state B (see section 4.4.4). When a transition is triggered by an event, additional
operators can be executed. Hence, this part of the finite-state machine concept of
the CBA ItemBuilder focuses on transitions, i.e., state changes.

Operators can also be executedwithout transitions, either usingConditional Links (see
section 4.3) or within the finite-state machine. For this purpose, the following syn-
tax provides the possibility to define operators that are executed when a particular
finite-state machine enters or leaves a specific state. These operators will be exe-
cuted regardless of the transition that changed the state (i.e., the focus is on states,
not transitions).

StateEntryandStateExit: Operators that are to be executedwhen afinite-statema-
chine changes to a state can be defined using the following syntax:

State entry {operator1(), operator2()}

The name Statemust be the name of a valid state, defined in the State Machine Tree

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ElapsedTimeOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ElapsedTimeOperatorExample.zip
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View (see section 4.4.2), followed by the keyword entry and a comma separated list of
operatorswithin curly brackets.Thespecificationof aneventnameanda |-character
are not necessary, since the operators are executed independently of the event or
transition that brought the finite-state machine into the state specified as State.

Operators can also be defined that are always executed when a state is exited:

State exit {operator1(), operator2()}

If multiple state-entry or state-exit definitions are provided for a state, then all op-
erators are executed, i.e., the following definition results in the same two operators
executed when either State1 or State2 is entered:

State1 entry {operator1(), operator2()} // One statement

State2 entry {operator1()} // Two statements
State2 entry {operator2()}

InternalProcessingofEvents: Processing events to execute operatorswithout effec-
tively changing the current state of a Finite-State Machine is possible, for instance, with
the transition State_A => State_A (Self-Transitions). However, this is defacto a transition
from State_A to State_A and state -entry and state-exist are triggered. If operators within
a state should be triggered by a particular eventswithout* the state being changed via a
transition, this is possible with the keyword internal:

State internal {Eventname | operator1(), operator2()}

The Self-Transition State => State {Eventname | operator1(), operator2()} is only
similar to the definition State internal {Eventname | operator1(), operator2()}with
respect to the provided possibility to process events without defectively changing
the state of a finite-state machine. However, only the internal processing of events
defined with the syntax above is executed without triggering state-entry and state-
exit (see Figure 4.61). Since Timed Events are restarted on state changes (and also on
Self-Transitions), the distinction between State internal {TimedEvent|/*...*/} and
State =>State {TimedEvent|/*...*/} is central to be able to control the behavior of
Timed Events purposefully (see Figure 4.63 in section 4.4.3).

 

 

An event can trigger only one rule for each finite-state machine. If both internal
processing and self-transitions to the same state are defined, the internalprocess-
ing is prioritized. Only self-transitions trigger state entry and exit.
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Keep in mind, that each event is only processed once by a rule that is defined for
a finite-state machine in a particular state. Rules of type internal are interpreted
prior to the rules pointing from a particular state to itself. Hence, in the example
shown in Figure 4.61 the transitions ST_A => ST_A and ST_B => ST_B will never be
executed (regardless of the order in the finite-state machine syntax definition) in
mode Implicit internal, because the definitions ST_A internal and ST_B internal are
processed first.

 

 

FIGURE 4.61:Example for transitions internal, entry and exit (html|ib).

The Internal Processing of Events can, analogous to Conditional Rules (see section 4.4.5)
be restricted by Conditions (i.e., Guards, see section 4.4.5), which can be formulated
with the help of variables.

Note that a single event can, however, be processed by multiple nested state ma-
chines, as described in the next section (see section 4.4.8).

4.4.8 Nesting Finite-StateMachines (in Regions)

If several independent sets of states are to be distinguished or, for example, sev-
eral timers are required within a Task, the limits of a single finite-state machine are
reached quickly. For this reason, the CBA ItemBuilder provides the possibility to use
several Finite-State Machines, which can be nested within each other. This function-
ality is illustrated in the item in Figure 4.62. The outer Finite-State Machine starts in
the state ST_OuterStart, which is exited directly when the Task is loadedwith the rule
ST_OuterStart -> ST_OuterMain{true}. Within this state, two Finite-StateMachines are
defined in parallel. This is done by adding two regions (Region1 and Region2) in the
StateMachine Tree View, as shown in Figure 4.62. Each region contains a set of states,
including precisely one Start state and (one or) multiple Regular states.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TransitionComparisonExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TransitionComparisonExample.zip
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FIGURE 4.62:Example for multiple nested Finite-StateMachines (html|ib).

An example illustrating the operation of nested finite-state machines in interaction
with Timed Events is shown in Figure 4.63.

 

 

FIGURE 4.63: Item illustrating Timed Events and Regions (html|ib).

4.4.9 Assignment of Pages to States

Normal and end states can be connected with pages. If a transition is triggered that
changes the Current State to a state assigned to a page, the linked page is shown.

Simple Example: The following example in Figure 4.64 illustrates how pages can be
changed using state transitions in a finite-statemachine. In the example, two states
are defined: One state ST_First and one state ST_Second. Changing between states
is operationalized by two buttons that are triggering the events EV_GoToSecond and

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NestedFSMsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NestedFSMsExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimedEventExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimedEventExample.zip
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EV_GoToFirst, respectively. State ST_First is connectedwith page First and ST_Second
is connected with page Second. In this setup, the pages are not linked to the buttons,
but to the states:

 

 

FIGURE 4.64:Example for navigation with states (html|ib).

In order to assign a page to a state, a state must be selected in the State Machine
Tree View of the CBA ItemBuilder. Afterward, a right-click gives access to the con-
text menu, which contains the entry Configure States.

 

 

FIGURE 4.65:Context menu Configure State to assign a Page to a State.

The opening dialog Configure State allows to define which page should be opened
when changing to this state. One of the defined pages can be selected from the
combo box. An empty entry corresponds to the setting that the currently displayed
page should not be changed when changing state.

After the dialog was closed with OK, the selection is also visible in the tree view of the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigateWithStatesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigateWithStatesExample.zip
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FIGURE 4.66:Dialog Configure State showing Page to open to assign a Page to a State.

finite-statemachine.The arrowwith the reference to a page name indicates that this
state is linked to a page.

 

 

Tip: It is also possible to make the settings in the Properties view. Make sure that
the spelling of the page name in thePage-property corresponds exactly to the name
that is also displayed in the Project View.

Advanced Example using X-Pages and Pages Assigned to States: Let us now con-
sider the example, which has already been described and discussed in subsection
3.11.4 to illustrated linking between pages and x-pages (see Figure 3.136).

In addition to buttons with links to pages and modal dialogs (see section 3.11.2),
selected buttons are also linked to events of the finite-state machines. Using two
nested finite-state machines (see section 4.4.8), one particular state always corre-
sponds to the current page and one state corresponds to the current x-page. Note
the region named X and the region named Regular. Within each region, a start-state
and two states are defined, each assigned to a page or a X-Page (see Figure 4.67).

 

 

FIGURE4.67:States Linked to Pages in twoRegions as implemented in the item shown
in Figure 3.136.

The buttons in the example item with the labels EV_X1, EV_X2, EV_Page1 and EV_Page2
areassigned to the events of the samename.Theevents aredefined in thefinite-state
machine syntax and are used in the following rules:
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Events:EV_X1, EV_X2, EV_Page1, EV_Page2; // Definition of events
Rules: Start -> Running{true} // Start of the Region "Running"

XStart -> ST_X1{true} // (Nested) FSM for X-pages in
ST_X1 => ST_X2{EV_X2} // thre region "X"
ST_X2 => ST_X1{EV_X1}

RegularStart -> ST_Page1{true} // (Nested) FSM for pages in
ST_Page1 => ST_Page2{EV_Page2} // the region "Regular"
ST_Page2 => ST_Page1{EV_Page1}

ST_X2 => ST_X2{EV_X2} // Necessary, since the page
ST_X1 => ST_X1{EV_X1} // is also changed via links
ST_Page1 => ST_Page1{EV_Page1}
ST_Page2 => ST_Page2{EV_Page2}

Finally, let’s look at the use of state and page linking in the context of dialogs. If
you click the XDialog-button in Figure 3.136, then the page XDialog1 is displayed as
amodal dialog (button Dialog and page Dialog1 in parallel).These dialog-pages each
contain a button that triggers an event in the finite-state machine, and the defined
state transition rules lead to new states that are linked to pages again.

If, for example, on page X1 (the finite-statemachinewill be in region X in state ST_X1),
the event EV_X2 is triggered, and the FSM will change to state ST_X2 because of the
rule ST_X1 => ST_X2{EV_X2}. Since the page X2 is assigned to this state, it is displayed.
However, page X2 is not configured as a dialog, meaning that the underlying page
will be changed even though the event was triggered from a dialog page.The dialog
page remains visible. To close the dialog, you have to use the command CLOSE (see
subsection 3.12.2 for more information about Runtime Commands), which is only as-
signed to the button CLOSE in this example. The CLOSE command can either be made
available separately via an additional button (as it is implemented in Dialog1 in the
example) or the CLOSE command can be linked to the button in addition to the event
(as it is implemented in XDialog1 in the example). Not shown in this example: If a
dialog is to be exchanged with a page linked via states, it is sufficient if the target
page is configured as a dialog.

Change Page andX-Page Simultaneously: The separation of pages into the two cat-
egories (regular pages and X-pages) simplifies most scenarios, where Links as well
as Pages Linked to States are either affecting the regular page area or the X-page area.
To change a page and a X-Page simultaneously in an item at once, the connection of
states and pagesmust be separated into two regions again, since each state can only
be linked to one page.

Apart from this procedure, in which the pages are switched via the finite-state ma-
chine, the entire layout including theX-Pagepages can also be changed by navigating
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FIGURE 4.68:Example for changing Page and X-Pages simultaneously (html|ib).

to another task (see 3.6.2 for details onCBA ItemBuilderTasks and see 3.12 for details
on switching between tasks using runtime commands).

ChangePagewithStates andTimedEvents:Themechanism to change pages linked
to states in the finite-state machine opens up a variety of design possibilities. For
example, in combination with timed events (see section 4.4.3) items with controlled
presentation time can be implemented.

 

 

FIGURE 4.69: Example for a timed presentation using states and timed events
(html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ChangeXPageAndPageExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ChangeXPageAndPageExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ControlledPresentationTimeExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ControlledPresentationTimeExample.zip
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4.4.10 Timer Component

Time constraints in assessments can be implemented in differentways.The decisive
factor is whether the restriction is to be implementedwithin a task or across several
Tasks. In a nutshell: If a Page is to be displayed within an item after the timeout, the
time limit must be implemented with the CBA ItemBuilder project. If another task
is to be displayed afterward, the time limitmust be implemented at the test delivery
level.Therefore, in the concrete implementation, it is also essential to consider how
assessment content is broken down into ItemBuilder projects (i.e., into individual
Tasks, see section 8.2).

 

 

Time restriction acrossmultiple tasks (i.e., CBA ItemBuilder project files and tasks
used as entry-points) are to be implemented within the deployment software (see
chapter 7).

Timed behavior of items and time constraintswithin tasks can be implementedwith
timed FSM events (see section 4.4.3). Timed events are invisible and defined as recur-
ring events, automatically triggered and processed when rules are defined in the
finite-state machine (see section 4.4.4). To visualize selected timed events, a spe-
cific component is provided by the CBA ItemBuilder that can be added to pages in
the PageEditor. To visualize the remaining time of a timed FSMevent (backwards) or
the time since the last occurance of a timed event (forwards), the Timer-component
shown in Figure 4.70 can be used.

 

 

FIGURE 4.70: Item illustrating component of type Timer (html|ib).

Timer-components must be linked to a timed FSM event (assigned using the context
menu entry Link Timer Event) and support the property Vertical Orientation, can
show the remaining time automatically (Show Remaining Seconds), and can run either
Run Forward=true or false.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FSMTimerExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FSMTimerExample.zip
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FIGURE 4.71: Item illustrating component of type Timer (html|ib).

4.5 Task Initialization Syntax

 

 

CBA ItemBuilder project files must define at least one Task as the entry point (see
section 3.6). However, they can also contain several Tasks. The delivery software can
then determine which order of tasks taken from one or from multiple CBA Item-
Builder project files is used (see section 7.2.7). In the Preview (see section 1.4.2), the
tasks are displayed according to the order inwhich they are listed in the Tasks editor,
and the order can be adjusted there (see section 3.6). In the Tasks editor, it can also
be defined which page and, if necessary, which additional X-Page is displayed at the
beginning of a Task. However, all Tasks share the Variables and the Finite-State Ma-
chine(s) among themselves. As described in section 4.4.4, the Task Name can be used
in conditions of the Finite-State Machine, for instance in the Start Rule (Start Transi-
tion).With the Task Initialization Syntax, the CBA ItemBuilder provides an additional
possibility to define Task-specific default values. Hence, the Task Initialization syntax
is of particular importance if within one CBA ItemBuilder project several Tasks are
defined.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimerComponentExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimerComponentExample.zip
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The general syntax follows the syntax of Conditional Links:

{Page: Condition | Operator1() Operator2() }

Example

{ page1 : true | set(V_Task,2)}

Multiple operators can be defied, separate by white space.

 

 

FIGURE 4.72: Item illustrating Task Initialization Syntax (html|ib).

4.6 Interactive Content in ExternalPageFrames

Assessments created with the CBA ItemBuilder can use existing HTML5/JavaScript
content. As described in section 3.14, HTML5/JavaScript content can be embedded
using components of type ExternalPageFrame. (i.e., components that are integrated
into the CBA ItemBuilder-based items as iframes during runtime, see section 3.14).

 

 

This section is not intended for item authorswho want to use the CBA ItemBuilder
to computerize assessment content, but for software developers, that were asked
to support a particular assessment project.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskInitializationExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TaskInitializationExample.zip
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ExternalPageFrames are not suitable for item authors who want to create computer-
based taskswith theCBA ItemBuilderwithoutprogramming in a concreteprogram-
ming language (see section 2.11.2). External content must be created in a way that
this HTML-content supports a) the API of the CBA ItemBuilder for the transfer of
data and b) can be used in the intended way in all browsers potentially used in de-
ployments. Moreover, long-term archiving of content independently of the used
rendering technology is not possible for content implemented directly in HTML5 /
JavaScript. If HTML5 / JavaScript content is prepared appropriately, it can be inte-
grated into the CBA ItemBuilder using the Embedded HTML Explorer as described in
section 3.14.2.

4.6.1 Package External Content for CBA ItemBuilder

For software developers who want to create content for ExternalPageFrames without
studying the CBA ItemBuilder in detail, the crucial aspects are summarized below:

• (Screen) Size forExternal Content: Items in the CBA ItemBuilder have a fixed size
(in pixel, see section 3.2.2 for details).The deployment software used to deploy as-
sessments can align the content in the viewport of theweb-browser (either inwin-
dowmode or in full-screen mode). To allow deployments on heterogeneous hard-
ware (with respect to screen size and resolution) while maintaining standardiza-
tion of the presentation (no responsive design), proportional scaling can be acti-
vated. Proportional scaling is implemented as css transformationof the iframe that
embeds the HTML/JavaScript runtime component of the CBA ItemBuilder. If the
item itself is scaled, all components including the ExternalPageFrames are scaled.

• Size and Margins: The content is embedded as iframe (called ExternalPageFrame
within the graphical Page Editor of the CBA ItemBuilder). The embedding is done
with a fixed size defined in pixels. To avoid unwanted scrollbars at runtime, the
providedHTML files have to convert the frames and size, e.g. via CSS, so that they
fit into available size of a particular ExternalPageFrames. In practice, it has been
proven that itemauthors findout the available spacewith a placeholder document,
and then read the Width and Height of the ExternalPageFrames in the Page Editor and
use them for the creation of the external content.

• Embedding Files and Resources: Assessments created with CBA ItemBuilder can
be delivered online and offline (e.g., USB sticks). Hence, using external sources
(i.e., libraries or content referenced from any URI) can be impossible or pose a po-
tential privacy risk. Accordingly, although the use of online content is supported,
the suggested default approach is to embed all content into the CBA ItemBuilder
project files. Embedded content can be split into several files, and the importing
of single files or folders into CBA ItemBuilder Project Files is possible. Embedded
content becomes part of the CBA ItemBuilder project files (i.e., it can be found and
even modified in the folder external-resources of the zip archives that are edited
and previewed with the CBA ItemBuilder by item authors and that are used with
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the deployment software for data collections). ExternalPageFrames require a file as
an entry point (e.g., a file index.html). The content in the folder external-resources
of the zip archives (i.e., the CBA ItemBuilder Project Files) can be updated and used
as long as the entry points remain available.

• Save and Restore Content State: ExternalPageFrames / iframes are included in the
CBA ItemBuilder on pages, and if CBA ItemBuilder tasks contain multiple tasks,
the test-takers typically can navigate between pages. If test-takers navigate to dif-
ferent pages, it is possible that the ExternalPageFrames / iframes is unloaded and
reloadedwhen the test-taker navigates back to the page that contains the External-
PageFrames / iframes. By design, the data or the editing state of ExternalPageFrames
/ iframes will be lost if it is not saved. In order to implement persistence of Exter-
nalPageFrame’s/ iframes’s state across page changes, the CBA ItemBuilder provides
a simple mechanism: Before an ExternalPageFrame / iframe is unloaded, its state is
queriedwitha JavaScript functioncall setState().Thedata required forpersistence
is expected to be passed as a JSON serialized object so that the delivery software or
the CBA ItemBuilder Runtime can take care of caching. In the opposite direction,
the JavaScript function call getState() can be used to retrieve the last state.There-
fore, when the created component is rendered, it should use getState() to query
the JSON serialized object of the last state so that it can restore its state.

• Add Trace Messages (Provide Log-Data): Everything that should be stored in the
long term, e.g., answers and results for assessment components that are included
as ExternalPageFrame / frame, can be passed via a postMessage-interface. The data is
expected as JSON objects.The information provided using this API is stored as part
of the log data (together with a time stamp and a person or session identifier).The
typemust be recognizable from the object itself if differentiation is necessary dur-
ing data post-processing. This approach is mainly intended for the storage of log
data, whereby the final result data can also result from all log data or the last log
events of a type.

• Provide Result Variables: Log data is typically not available for data preparation
until the assessment is complete. Suppose answers or results from the External-
PageFrames are already needed during the assessment or needed in the scoring (i.e.,
creating result variables) within the CBA ItemBuilder. In that case, they can be
passed as variable-value pairs whenever the variables are changed within the Ex-
ternalPageFrame. The CBA ItemBuilder API also provides a mechanism for Exter-
nalPageFrames to announcewhich variable values theywill provide.This allows item
authors to planwith these variableswhile creating the items anddefining the scor-
ing. At runtime, the ExternalPageFrame then passes the individual variable-value
pairs via postMessage,making themavailable afterward in the logic layer of theCBA
ItemBuilder (i.e., the finite-state machine) and for the final computation of item
scores.

• AnswerCalls fromtheFinite-StateMachine:Theaforementioned logic layer of the
CBA ItemBuilder (the finite-state machine) can also be used to pass information
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into the ExternalPageFrames / iframe. The JavaScript code can respond to postMes-
sages for this purpose, and change the display or functioning of the content pro-
vided via ExternalPageFrames / iframes.

• Trigger Finite-State Machine Events: Finally, the other direction of the message
chain is also possible, i.e. actions in the logic layer of the CBA ItemBuilder can be
triggered bymaking calls from the ExternalPageFrames / iframes that trigger events
within the finite-state machine. For this, the item authors must define the events
in the finite-state machine by assigning a unique name and an event with this
name can then be triggered in the programming of the external content.This pro-
cedure is necessary, for example, if a navigation to a next item (i.e., in the termi-
nology of this CBA ItemBuilder to a next task) is to be triggered from the external
content.

Template A template file for programmers is provided and the following briefly de-
scribeswhat to look forwhen creating external content for use in ExternalPageFrames
of theCBA ItemBuilder.The template is shown inFigure 4.73 and canbedownloaded
as a CBA ItemBuilder project file using the link in the figure caption. To view the
template locally in the CBA ItemBuilder preview and to view the HTML / JavaScript
source code of the templatewith theCBA ItemBuilder, theCBA ItemBuildermust be
installed as described here (see section 1.1). After that the project file can be opened
and the preview can be started as described in section 1.4 the Preview can be started.
The preparedHTML / JavaScript files can be seen in the EmbeddedHTMLExplorer de-
scribed in section 3.14.2.

When creating a CBA ItemBuilder Project Files, an HTML file example.html is created
automatically, this file contains JavaScript examples and can be edited and exported
in the EmbeddedHTMLExplorer (see section 3.14).

Examples: Additional examples how content can be used in ExternalPageFrames is
provided in section 6.6. ExternalPageFrames can be used to collect responses, for in-
stance, tomeasure how long a sound is played (see Figure 6.25).Moreover, External-
PageFrames can be used to use online or offline voice recognition (see section 6.6.3),
ExternalPageFrames can also be used to embedded content in other formats, such
as H5P (see section 6.6.4), to collect mathematical input (see section 6.6.5) or even
to embedd item content in the standardized IMS Question & Test Interoperability
(QTI) format using, for instance, theQTI.js library (see section 6.6.6 for an example).
Finally, offline questionnaires implemented, for instance, with the SurveyJS library
can be embedded (see section 6.6.7).

https://www.imsglobal.org/question/index.html
https://www.imsglobal.org/question/index.html
https://github.com/QTIJS/QTI.JS
https://surveyjs.io/
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FIGURE 4.73: Template for content developed for ExternalPageFrames (html|ib).

4.6.2 Communication between with ExternalPageFrames (JavaScript) and
Finite-StateMachine

 

 

Thesimple JavaScript API for embedded content as ExternalPageFrame is described in
depth in this section.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameTemplate/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameTemplate.zip
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4.6.3 Provide Information to the Finite-StateMachine from JavaScript

The communication between the embedded JavaScript and the CBA ItemBuilder
runtime (and thus the Finite-State Machine as defined by item authors in the CBA
ItemBuilder) is done via postMessages.

window.parent.postMessage(JSON.stringify(message), '*');

Depending on the configuration of the JSON string passed as message, posteMessages
can be sent for various purposes. The various use cases are illustrated in the item
shown in Figure 4.74.

 

 

FIGURE 4.74: Item Illustrating the API for ExternalPageFrames (html|ib).

Create Custom Log-Entries: Log events (i.e., event-based data generated during
test-taking) are stored by the delivery software and are available after the assess-
ment. Only for components from the CBA ItemBuilder model are log events au-
tomatically created when the components are added to the design of pages (and
thus the design of assessment components) via the Page Editor. For content that is

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameAPIIllustration/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameAPIIllustration.zip


334 4 Enrichting Items using Dynamic Content

included as an ExternalPageFrame, care must be taken in the programming of the
HTML5/JavaScript content to ensure that all relevant information is logged (see sec-
tion 2.8.1 for completeness of log data).

If the payload transmitted as postMessage contains a traceMessage attribute, a log en-
try is created by the CBA ItemBuilder runtime:

var message = "Random message, e.g., " + new Date().toLocaleString();
var type = "CustomTraceType";

var pass_data = {
indexPath: indexPath,
userDefIdPath: userDefIdPath,
traceMessage: message,
traceType: type,
traceCount : traceCount++

};
window.parent.postMessage(JSON.stringify(pass_data), '*');

 

 

Data passed from an ExternalPageFrame can be found in the CBA ItemBuilder log
data with events of type JavaScriptInjected. They can contain log events from the
embedded content. However, this interface can also be used to store result data
from ExternalPageFrames.

The log entries can use their event types if the traceType attribute is also passed.The
transmission of log data from ExternalPageFrames can be used to transmit arbitrary
string serializable data and have them stored by the delivery environment.

SetFSMVariables: Froma content included as ExternalPageFrame, also values of FSM
variables can be set. This option allows, for instance, returning values from embed-
ded content, which can also be used in scoring. In addition, arbitrary calculations at
runtime of items are also possible via JavaScript andpossible embedded libraries. To
set a variable, the payload microfinVariablemust be submitted as a JSON structure
with the values variableName (name of the variable that will be set) and newValue (new
value for the named variable). The type of the variable must be taken into account.

var varname = "V_OutputInteger";
var value = Math.floor(Math.random() * 100);

var pass_data = {
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indexPath: indexPath,
userDefIdPath: userDefIdPath,
microfinVariable: { variableName: varname, newValue: value },
traceCount : traceCount++

};

window.parent.postMessage(JSON.stringify(pass_data), '*');

RequestValueofFSMVariables: Besides setting FSMvariables, the value of FSMvari-
ables can also be retrieved. To do this, the JavaScript sends a postMessagewith the pay-
load getVariable, in which the name of the desired variable and an (arbitrary) callId
must be contained as variableName:

var callId = "ID" + new Date().toLocaleString();

var pass_data = {
indexPath: indexPath,
userDefIdPath: userDefIdPath,
getVariable: { variableName: variableName, callId: callId},
traceCount : traceCount++

};

window.parent.postMessage(JSON.stringify(pass_data), '*');

The CBA ItemBuilder runtime responds to this postMessage and transmits back the
value of the variable, which can then be captured and further processed with an
EventListener. In the example in Figure 4.74, the transmitted return JSON is dis-
played as alert.

Trigger FSM Event: FSM events defined in the Finite-State Machine syntax in the
Events: section can be triggered from ExternalPageFrames when a payload with the
microfinEvent attribute is submitted via postMessage:

var eventName = "EV_JSTriggeredEvent";
var pass_data = {

indexPath: indexPath,
userDefIdPath: userDefIdPath,
microfinEvent: eventName,
traceCount : traceCount++

};
window.parent.postMessage(JSON.stringify(pass_data), '*');
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Using this part of the interface, transitions can be triggered in the Finite-State Ma-
chine, and operators can be used. If, for example, HTML5/JavaScript content in-
cluded via an ExternalPageFrame should be able to end a task, then the next_task()
operator (see section 4.4.6) can be integrated into the Finite-StateMachine and placed
into a Rule, which is triggered by an FSM Event. The FSM Event is fired when the
JavaScript content sends a postMessage with the payload microfinEvent and the cor-
responding name of the FSMEvent.

4.6.4 Call JavaScript-Function of ExternalPageFrames from Finite-State
Machine(s)

Once an HTML5/JavaScript resource included as ExternalPageFrame is loaded, func-
tions can be called using the FSM operator callExternalPageFrame:

callExternalPageFrame(UserDefinedId, ...)

Several ExternalPageFrames can be integrated in one page or in one Task of a CBA
ItemBuilder Project Files. The first parameter must be the UserDefinedId of the par-
ticular ExternalPageFrame component that should process the JavaScript call. Addi-
tional optional parameters are possible. As illustrated in Example 4.75, the optional
parameters can be used to pass static strings or values of FSM variables. The values
of the arguments are then available in the called JavaScript function.

 

 

FIGURE 4.75:Example Item Illustrating JavaScript calls from FSM (html|ib).

As can be seen in the item in Figure 4.75, calls to JavaScript functions from the Finite-
StateMachine can be used for quite different purposes.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameCallJSExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameCallJSExample.zip
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4.6.5 Provide ExternalPageFrames-State for Persistence (getState/setState)

HTML/JavaScript extensions inserted as ExternalPageFrame on pages inside CBA
ItemBuilder projects lose their content when the page that contains the External-
PageFrame is unloaded. Unloading occurs on page changes either within a task or
when exiting a task. To allow ExternalPageFrames to save and restore their content,
the API includes the getState/setState-functionality.

The following behavior is expected: When the getState() methods is called, then a
string (e.g., a JSON serialized object) can be passed from the ExternalPageFrame to
the CBA ItemBuilder runtime.The call of getState() is done automatically before the
page that contains the ExternalPageFram is unloaded by theCBA ItemBuilder Runtime.

 

 

Content from embedded JavaScript/HTML5 will be lost if in a Task the Page is left,
onwhich the ’ExternalPageFramecomponent is embedded. If the content is needed
again when the page is revisited, it must be passed to the CBA ItemBuilder
runtime viagetState(). Furthermore, the embedded content needs to handle the
call tosetState()‘ and restore its content when requested.

function getState() {
try {

// Specific JavaScript Code Required
var json = JSON.stringify(/* your data */);
return json;

}
catch (e) {

console.debug(e);
}

}

When navigating to a page that contains an ExternalPageFrame that has already been
displayed, the CBA ItemBuilder Runtime calls the setState()method and passes the
state serialized as a string that was passed the last time getState()was called.

function setState(stateString) {
try {

// Specific JavaScript Code Required
// ...

}
catch (e) {
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console.debug(e);
}

}

Theminimal example shown in Figure 4.76 illustrates the expected behavior.

 

 

FIGURE 4.76:Example Item Illustrating JavaScript calls for Persistence (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameGetStateSetState/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameGetStateSetState.zip
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Scoring of Tasks

 

 

This chapter describes how scoring can be defined in CBA ItemBuilder Projects Files.
Scoring is always defined on the task level (see section 3.6 for details on defining
tasks). Accordingly, before scoring can be implemented in newly created CBA Item-
Builder projects files, a Taskmust be configured (see section 3.6 for details). A sec-
ond prerequisite for defining the scoring of Tasks is to define names for all required
components. That means that User Defined Ids (see subsection 3.7.4 for details) is
required for the components used to gather responses. Human readable User De-
fined Ids are suggested to remember themeaning of particular identifierswhen us-
ing them, for instance, in the syntax definition of scoring rules. Since this definition
of scoring rules is based on the User Defined Ids, systematically defined and easily
readable IDs simplify the creation and validation of scoring rules for item authors.

The definition of explicit scoring rules is not mandatory for the use of CBA Item-
Builder items, but it provides the most flexible way to combine evidence into scor-
ing. Alternatively, 1) the so-called component state, that is, the values selected or en-
tered for all input elements, can be automatically stored by the test assembly and
deployment software (see chapter 7). Moreover, 2) the components can be linked to
FSMvariables (applies to version 10.0) and the last value of FSMvariableswhen a task
is exited can be used. Finally, 3), log data can also contain all changes of component
values and it is often possible, to infer about the final response from the collected log
events (see section 1.6, andKroehneandGoldhammer (2018) for response-completeness
of log data).

Motivation: Explicit automatic scoring of items can be necessary at runtime when
scoring results that incorporate logical rules are required either for adaptive test
assemblies (branched testing, multi-stage testing, or adaptive testing, see section
2.7.4), for the different feedback purposes (see section 2.9), or to monitor the test-
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taking processes. Scoring of CBA ItemBuilder Tasks is evaluated at task switches
(i.e., when tasks are changed from one task to another). Task switches can either
be triggered from within the Task (using Runtime Commands, see section 3.12, or
from outside (by the deployment software, for instance, because of a global time-
out, see section 7.2.8). Having the scoring definition implemented within the as-
sessment components createdwith theCBAItemBuilder canalso simplifydatapost-
processing workflows (see section 8.6) and sharing of items (for instance, as Open
Educational Resources, see section 8.7.4). Hence, automatic scoring provides essential
advantages over above mentioned alternatives: It standardizes the scoring proce-
dures and gives immediate access to the scored results.

Implementing the scoring ruleswithin theCBA ItemBuilder project files comeswith
a second advantage. The scoring definition becomes independent from the deploy-
ment software (see chapter 7) and the approach used for data post-processing (see
section 8.4.2). Scoring embedded in CBA ItemBuilder projects can be tested already
during itemdevelopment andwill be available after distributing items (asCBA Item-
Builder projects). An essential tool for checking the scoring in CBA ItemBuilder
items is the so-calledScoringDebugger, as described already in section 1.5.TheScoring
Debugger can be used to inspect the scoring live during Preview.

5.1 Terminology, Concepts andUser Interface

 

 

The core component for the definition of the automatic scoring is the design of syn-
tax conditions, which can be evaluated based on inputs (i.e., Component State of ele-
ments) and operators (i.e., incorporating the states in the internal finite-state ma-
chine(s) and the visited pages).

User Defined Id’s: The link between components and the syntax is provided by the
User Defined Id's. Using the main menu Project > Edit all user defined IDs all
named components of a CBA ItemBuilder Project File can be displayed. As shown in
Figure 5.1, for a simple multiple-choice item, various components of type Checkbox
can be defined, all fo themwith a unique UserDefinedId.
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FIGURE 5.1: UserDefinedIds defined for example item shown in Figure 5.2.

Figure 5.2 showsa simple item to illustrate the scoringof amultiple-choice item.The
item was created by adding a HTMLTextField (see subsection 3.8.2 for the instruction
and the four Chechboxes (see subsection 3.9.3). A simple scoring of this item might
distinguish the conditions Correct (Jaguar and Panda) andWrong (Jaguar and Panda
are not selected or additional wrong options are selected). If a test-taker never se-
lected any Chechboxe at all, this might be called aMissing response (see section 5.3.11
for details).

The CBA ItemBuilder allows to define scoring-conditions using these UserDefine-
dIds. The conditions are labeled of Hits (i.e., Hit-conditions) and Misses (i.e., Mis-
conditions) combining UserDefinedIds of components, and additional functional op-
erators (see appendix B.2 for all operators), if necessary, combined with logical op-
erators. Each condition represents a nominal conditions that is to be differentiated
when computing the value of a scoring variable (called Class).The item contains one
Task (defined in the Task-Editor, see subsection 3.6.The Task-Editor is also used to de-
fine the scoring (see Figure 5.3).

Class: Scoring is defined using nominal Hit-conditions. Each conditions corre-
sponds to a potential value of a variable. To specify the relationship of values to vari-
ables,Hit-conditions (i.e., values) are assigned to Classes (i.e., Classes are equivalent
to Variables in the final data set), as shown in Figure 5.4. The variable Score can have
the three potential values Correct, Wrong and Omitted.

Name: Each hit- and miss-condition requires a unique name, that is defined in the
Task-Editor (shown in Figure 5.3).This name represents the nominal value of the vari-
able, if the corresponding condition is met (i.e., if the hit is active).

Condition Syntax: EachHit-condition is defined by providing a scoring syntax.The
example item shown in Figure 5.2 contains three different Hit, and the syntax for
the conditions are shown in the editor forConditions in Figure 5.5.Thefirst condition
for the hit Correct combines the User Defined Id's of the four Checkboxeswith logical
operators (using theCBA ItemBuilder specific bracketing of expressions, see section
4.1.3).

However, the syntax for scoring rules (see section 5.3) also allows using scoring op-
erators, for instance, to incorporate information from the dynamic part of CBA
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FIGURE 5.2:Example for scoring a multiple choice item (html|ib).

 

 

FIGURE 5.3: Task-Editor with one Task and three Hit-conditions for the item shown
in Figure 5.2.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringIntroductionExample1/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringIntroductionExample1.zip
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FIGURE 5.4:Class Definition Dialog for the item shown in Figure 5.2.

 

 

FIGURE 5.5:Condition Syntax for theHit-condition Correct of the item shown in Fig-
ure 5.2.

ItemBuilder tasks. Operators are illustrated in Figure 5.5 in the syntax for the hit-
condition for Wrong, which evaluates to true if the item’s current state is Answered.
Note that the state Answered is implemented using a simple finite-statemachine (see
section 4.4 for details).

 

 

Scoring conditions can either be defined mutually exlusive (default, see section
5.3.3), or the order of conditions is incorporated (as used in the example in Fig-
ure 5.2). This suggested option is activated by selecting Use first active hit per
class (applies to all tasks). (see right part of Figure 5.5).

Scoring Debug Window: The Scoring Debug Window (already introduced in section
1.5) can be used to explore the scoring of the example item shown in Figure 5.2, as



344 5 Scoring of Tasks

shown in Figure 5.6. The Scoring DebugWindow can be requested during item devel-
opment in the Preview and is also available in the examples embedded in the online
version of this book.

 

 

FIGURE 5.6: Screenshot of the ScoringDebugWindow in a preview of the item shown
in Figure 5.2.

Multiple Classes: If components are to be used only in a particular way to form out-
come variables, defining scoring constraintsmay bemore onerous than strictly nec-
essary (see section 5.2 for an alternative).The full potential of CBA ItemBuilder scor-
ing unfolds in the use cases when different summaries of answers to variables are
to be used. This is illustrated in Figure 5.7 for a simple Likert-style item. Assume
that two variables should be created: One variable containing the response (Class:
Response) and one indicating agreement or disagreement [Class: Style, as used, for
instance, in models to investigate response style; cf. Böckenholt and Meiser (2017)
and others].

By introducing the layer of hit definitions (described indetail in section 5.3), theCBA
ItemBuilder allows the creation of flexible scoring for responses that can combine
multiple components and can result in multiple variables (i.e., classes). Use cases
not only include questionnaires (as the example in Figure 5.7) but can also be found
for cognitive assessment, e.g., when both the raw response and the automatically
scored response (correct vs. incorrect) are to be stored or when dichotomous and
polytomous scoring is to be considered. Use cases for explicit scoring with multi-
ple classes also arise if, for example, time measures are included in the scoring of
responses.

Result-Text: Hit- and miss-conditions can be used to define evidence in terms of
categorical values, which can then be assigned to classes to be used as outcome
variables. However, also entered text and numbers are required as result variables.
To copy text responses to result variables, the CBA ItemBuilder provides the re-

https://cba.itembuilder.de
https://cba.itembuilder.de
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FIGURE 5.7:Example for scoring a Likert-style item into two variables (html|ib).

sult_text()-operator. The underlying idea is that each class (i.e., variable) can pro-
vide a Result-Text in addition to the name of the active hit. The condition defines
which particular value is used as Result-Text. The (first) active hit-/miss-condition of
a class defines which text is copied into the Result-Text.

The item shown in Figure 5.8 illustrates the use of the Result-Text. The first class
(Var1) is used for question 1: Class Var1 has only one hit-conditionwith the syntax re-
sult_text(input1).This condition is always true, and whatever is entered in the Sin-
gleLineInputFieldwith the User-Defined Id input1 is copied to the Result-Text for Var1.
For question 2, the class Var2 is used with two hit conditions.When a text is entered
into the InputFiledwith theUser-Defined Id input2 (i.e., the text is not empty checked
with the condition matches(input2,"")), the value is copied to the Result-Text using
the operator result_text(input2) in the condition Q2_Text.When nothing is entered,
theResult-Text is filledwith the string Missing (see hit-condition Q2_Missing).Theclass
Var3 is used for question 3.The class contains either the selected option (A orB) in the
Result-Text (see hit-conditions Q3_A and Q3_B). If neither A, B or Other is selected, the
string Missing is copied to the * Result-Text* (see hit-condition Q3_Missing). Two hit-
conditions are defined that deal with conditions that Other is selected. If no text is

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringIntroductionExample2/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringIntroductionExample2.zip
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entered into the SingleLineInputFieldwith the User-Defined Id input3, the text Other:
Not Specified is copied to theResult-Text (see hit-condition Q3_OtherNotSpecified). If a
text is entered, theResult-Text is filledwith the string Other: followed by the provided
text. This is achieved by using an argument list for the restult_text()-operator (see
4.1.5). Note that Var3will not contain the text entered into input3 if A or B is selected.
This issue is addressed by defining Var4 that contains the text entered in input3, even
if Other is not selected.

 

 

FIGURE 5.8: Item illustrating scoring with result_text()-operator (html|ib).

5.2 Scoring using FSMVariables

Using items provided by Toplak et al. (2014) the item in Figure 5.9 illustrates scor-
ing using variables. In this example, the finite-state machine updates variable val-
ues, designed to allow immediate feedback (correct response, intuitive incorrect re-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ResultTextOperatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ResultTextOperatorExample.zip
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sponses, and any other wrong response) and to compute the total score for all seven
items of the Cognitive Reflection Test.

 

 

FIGURE 5.9:Example item illustrating scoring with variables (html|ib).

 

 

CBA ItemBuilder Version 10.0 will support a simple scoring definition by provid-
ing default scoring for components (e.g., Checkboxes) and groups (e.g., RadioBut-
tonGroup and FrameSelectGroups) using FSMVariables (instead of so-calledHit-/Mis-
conditions).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CognitiveReflectionTestExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CognitiveReflectionTestExample.zip
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5.3 Definition of Explicit Scoring Rules

 

 

5.3.1 UserDefinedId's as String Literals

An important part of possible scoring rules are input elements, i.e. components for
the design of items, which have a value (i.e., are either selected or un-selected). To
refer to the value of a component in a Hit- or Miss-condition, it is sufficient to in-
clude the UserDefinedId of the respective component into the condition-syntax. For
instance, for a checkboxwith the UserDefinedId: myCheckbox, the string literal myCheck-
box is interpreted as TRUE if the checkbox is selected, when the syntax is evaluated. If
the checkbox is not selected, the string literal myCheckbox is interpreted with the value
FALSE.

 

 

The checked/unchecked state of CheckBox - components, the selected/unselected
stateof RadioButton - components, the toggle stateofButtons in togglingmodeand
the selected/unselected-state of ComboBoxItem in a ComboBox can be used to define
Hit- orMis- conditions by simply referring to the UserDefinedId of the component.

5.3.2 Syntax for Scoring Rules

The item scoringmechanism implemented in CBA ItemBuilder goes beyond simple
mapping of Scoring Conditions (i.e., hit- and miss conditions) to component states.
This is enabled by providing the possibility to formulate conditions as arbitrary com-
binations of statements using a so-called Domain Specific Language (DSL, i.e., by us-
ing a specific syntax).

To combine UserDefinedIds of the components to logical expressions, the following
logical operators can be used:
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• A and B: true if A and B evaluate to true.
• A or B: true if A or B evaluate to true.
• not A: true if A is not true.

Flexible combinations of conditions are possible with the basic operators and, or and
not. Use the ScoringDebugWindow (Ctrl / Strg + S, see section 1.5) to explore the hit
conditions in the item shown in Figure 5.10.

 

 

FIGURE 5.10:Hit definition with logical expressions (and, or, not; html|ib).

Notice the specific bracketing in the last hit condition shown in Figure 5.10: (((A and
B) and C) and D). This condition illustrates that combining multiple Boolean ex-
pressions requires to include brackets so that the statement can be decomposed into
pairs: A and B, (A and B) and C, and finally ((A and B) and C) and D.

 

 

It is important to note that the use of brackets is required to formulate statements
with more than two conditions (see section 4.1.3).

For a number of scoring tasks, simply checking the Boolean value of components

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HitdefinitionAndANDOr/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/HitdefinitionAndANDOr.zip
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is not sufficient. Therefore, the CBA ItemBuilder provides functions in the scoring
syntax (so-called operators), which can be used within the scoring syntax to take into
account properties of the current task for the formulation of hit andmiss conditions.

5.3.3 Sequential Evaluation of Scoring Rules

By default (i.e, when not configured differently),Hit- andMiss-conditions are evalu-
ated independently. If variables are created, i.e., hits are assigned to classes, a cen-
tral conditionmust bemet: At any time, precisely one hitmust be active for each class.This
condition follows directly from using hits as (categorical) values for variables. Con-
sequently, hit conditions within a class must always be formulated in such a way
that they are mutually exclusive. To support checking this condition, the CBA Item-
Builder’s Preview of tasks provides the Scoring Debug Window, which contains a red
exclamationmark once multiple hits are active for a class (see Figure 5.10).

However, a powerful alternative is to active the sequential evaluation of scoring con-
ditions in the Task-Editor by selecting the checkbox Use first active hit/miss per
class (applies to all tasks). If this option is activated, the evaluation is performed
sequentially, starting with the first hit condition of a class. Only if the first hit is not
true, the second hit is evaluated. Accordingly, a last hit (when no other conditions
evaluate to true) can be added, for instance, to simplifymissing value coding (see the
item shown in Figure 5.2 as an example).1

 

 

Hit- andMiss-Conditions need to bemutually exclusive (i.e., at any time, precisely
one hit must be active for each class), if the option Use first active hit/miss per
class (applies to all tasks) is not activated.

5.3.4 Use of Text Responses in Scoring Rules

Text responses can be automatically scored inside of theCBA ItemBuilder using key-
words or pattern.Theprovided matches()-operator takes twoarguments:The UserDe-
finedId of the component used to collect the text response (see section 3.9.1) and a
regular expression (see section 6.1 for details).

matches(UserDefinedId, RegularExpression)

The matches()-operator can be used with regular expressions (see section 6.1) and
with concrete texts. Examples for using the matches()-operator are illustrated in Fig-
ure 5.11.

1Note thatHit- andMiss-conditions can be ordered in the Task Editor of the CBA ItemBuilder.
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FIGURE 5.11:DifferentHit- definitions using the matches()-operator (html|ib).

Note that the logical operators and, or, and not can be combined with several
matches()-operators and other conditions. Hence, there is no need to formulate too
complex regular expressions sincemultiple expressions canbe combinedusingmul-
tiple matches()-operators.

5.3.5 Use of FSM-Variables in Scoring Rules

The value of FSM-Variables can be used within scoring rules (i.e., Hit- and Mis-
conditions).This is achieved using the variable_in()-operator:

variable_in(FSMVariable,SetOfValues)

An examples for using the variable_in()-operator is provided in the Figure 5.12 for
the scoring of a Drag-and-Drop response format, implemented using FSM Variables
(see section 4.2.6 for the implementation ofDrag-and-Drop).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MatchesExampleScoring/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MatchesExampleScoring.zip
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FIGURE 5.12: Use of FSM-Variables in Scoring-Conditions with the variable_in()-
operator (html|ib).

The visited_all_values_of_variable()-operator can be used to check whether a vari-
able has taken one or more concrete values in the course of test-taking (see Figure
5.13 for an example):

visited_all_values_of_variable(FSMVariable,SetOfValues)

5.3.6 Use of Positions for Free Drag-and-Drop in Scoring Rules

As described in section 4.2.6, the CBA ItemBuilder supports free drag and drop.The
panel_position_range()-operator can be used to score the position of drag-and-drop
elements (see Figure 5.14 for an example):

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableAndDragAndDropScoring/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableAndDragAndDropScoring.zip
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FIGURE 5.13: Using set of values and visited_all_values_of_variable()-operator in
Scoring-Conditions (html|ib).

panel_position_range(Container, [CheckNonMembers], XStart, XEnd, YStart, YEnd,
Center, Component, Component, ...)

Theoperator evaluates to true if the (X,Y) positions of all given Components in the given
Container are within the range given by XStart, XEnd, YStart and YEnd relative to the
container’s (X,Y) position. If the flag CheckNonMembers is not give or set to true, the
operator only evaluates to true if the (X,Y)-positions of all other components in the
given Container are outside the given range.The upper left corner of the component
is used as (X,Y)-position of a Component if the flag Center is not provided as true.

Alternatively to the position of drag and drop element, the distance to score can also
be evaluated. The panel_distance_range()-operator returns true if the mutual dis-
tanceof all given Components in thegiven Containerarewithin thegiven rangebetween
MinDistance and MaxDistance:

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableSetsScoring/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VariableSetsScoring.zip


354 5 Scoring of Tasks

 

 

FIGURE 5.14: Example for scoring free drag and drop using the
panel_position_range()-operator (html|ib).

panel_distance_range(Container, [CheckNonMembers], MinDistance,
MaxDistance, Center, Component, Component, ...)

5.3.7 Use of Events, States and Interaction in Scoring Rules

TheCBA ItemBuilder provides various operators to incorporate events and thenum-
ber of interactions into scoring conditions.

NumberofEvents:The number of events that have been raised during the execution
of the current task canbeused in scoring conditions.TheCBAItemBuilder considers
an event to be raised even if it did not trigger a transition, and the count includes
events raised by the raise()-operator:

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeDragAndDropScoring/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/FreeDragAndDropScoring.zip
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raised_events()

If only the number of specific events should be counted, the raised_nb_events()-
operator can be used:

raised_nb_events(SetOfEvents)

An evenmore advanced version of the raised_nb_events()-operator exist, that can be
used to count how often one or multiple events were raised, while the item was in a
particular state:

raised_nb_events_in_state(State, SetOfEvents)

Indicators for Events: In addition to the operators that count the events (of a
particular type / within states), operators exist to check if an event was trig-
gered. These operators evaluate to true (instead of returning the frequencies). The
raised_all_events(EventA, EventB) return true if all events listed in the set of events
(e.g., EventA and EventB) were raised:

raised_all_events(SetOfEvents)

Again, anmore advanced version of the raised_nb_events_in_state()-operator exist,
that can be used to check if one or multiple events were raised, while the item was
in a particular state:

raised_all_events_in_state(State, SetOfEvents)

The following item shown in Figure 5.15 illustrates the use of the event-related oper-
ators.

Number of State Visits: The visited_nb_states()-operator return the number of the
visits for a set of states during the execution of the current task:

visited_nb_states(State, State, ...)

Indicators State: The is_last_state()-operator returns true if the last state the
finite-state machine is one of the given states in the SetOfStates:
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FIGURE 5.15:Example for using events for scoring (html|ib).

is_last_state(SetOfStates)

While the is_last_state()-operator refers to the last state of the finite-state ma-
chine, the visited_all_states()-operator can be used the check if all states listed in
the SetOfStateswere visited during the execution of the current task:

visited_all_states(SetOfStates)

Numberof Interactions: A simple generic operator is provided that counts thenum-
ber of user-interactions within the current task:

user_interactions()

Note that this operator counts the total number of interactions within the running

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RaisedEventScoringExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/RaisedEventScoringExample.zip
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task. Counting specific interactions in FSMvariables is possible using thefinite-state
machine (see section 4.4).

ElapsedTime: Another generic operator is provided thatmeasures the elapsed time
in the current task:

elapsedTime()

The scoring-operator elapsedTime() counts the total time in the current task. Mea-
suring more specific time intervals is possible using finite-state machines (see sec-
tion 4.4.6 and the example provided in Figure 4.60).

5.3.8 Use of Specific Operators in Scoring Rules

Tree Components: The scoring of response formats created using components of
type Tree, TreeView and TreeChildArea (see section 3.9.9) is supported with the fol-
lowing operators:

• The operator current_node() allows to check if in a particular Tree a RegularExpres-
sionmatches to the node path ID of the current node:

current_node(Tree, RegularExpression)

• The operator exists_nodes() returns number of nodes in the given Treewhose node
path IDmatchesat least oneof thegiven RegularExpressions (eachnodecountsonce
only):

exists_nodes(Tree, RegularExpression, RegularExpression, ...)

• The operator visited_nodes() returns number of visited nodes in the given Tree
whosenodepath IDmatchesat least oneof thegiven RegularExpressions (eachnode
counts once only):

visited_nodes(Tree, RegularExpression, RegularExpression, ...)
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• The operator matches_nodes() returns the number of nodes in the given Treewhose
node path IDmatches the NodeIdPattern andwhose column valuesmatch the spec-
ified ColumnPatterns.Thefirst ColumnPattern corresponds to thenodename, the sec-
ond ColumnPattern to the first additional column, etc. (each node counts once only).

matches_nodes(Tree, NodeIdPattern, ColumnPattern, ColumnPattern, ...)

Pages: An operator current_page() is provided to check if a specified Page is currently
displayed (or is displayed within the specified PageArea):

current_page(Page)
current_page(Page, PageArea)

Forbrowser-components that support thebookmark function (see section 3.13.2) the
following operator can be used to check if a page was bookmarked:

bookmarked(Page)

Spread Sheets: Operator to score value (or the computed formula) entered in a
spreadsheet table with a given UserDefinedId (see section 3.9.8) as integer value:

integer_value(UserDefinedId, RoundingMode, Default)

Theparameter RoundingMode can take the values up. down, half_up and half_down. If the
text content is empty or does not represent a number, the Default value is returned.

To score the entered formula (instead of the value), the matches()-operator provides
the additional argument Selector. If the value formula is requested, the operator
evaluates the formula text of a spreadsheet table cell (instead of the formula value):

matches(Component, RegularExpression, Selector)

Highlighting: The following operators are provided to score the response format of
multiple text highlighting (see section 3.8.3):
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highlighted(RichText, RichText, ...)

complete(Selection, Selection, ...)

partial(Selection, Selection, ...)

5.3.9 Note on Scoringwith PageAreas

PageAreas (see section 4.1.4) can be used to embed existing pages as content when
designing pages. The CBA ItemBuilder allows that identical content can be re-used
multiple times in different PageAreas on a single page, as illustrated in Figure 5.16. It
is therefore generally necessary to add the UserDefinedId of the PageArea to all refer-
ences to components displayed within PageAreas.

 

 

Components that are displayed in PageAreas need to be addressed using the follow-
ing scheme: {UserDefinedId-of-PageArea}.{UserDefinedId-of_Component}.

5.3.10 Scoring Rules andResult Text

As shown in Figure 5.8, the CBA ItemBuilder integrates the handling of numerical
and string responses into the Scoring Rules (i.e.,Hit- andMiss-conditions) using the
result_text()-operator. For eachclass, theactivehit is determinedfirst. If theoption
Use first active hit/miss per class (applies to all tasks) is activated (see section
5.3.3), this is the first condition within a class that applies. Otherwise item authors
need tomake sure that all conditions aremutually exclusive within each class. If the
active hit contains a result_text()-operator, numerical or text input is provided as
Result-Text.

5.3.11 Missing Value Coding for TaskswithMultiple Pages

The following examples shows, how to define scoring for single choice and multiple
choice items including hits for not reached items and omitted responses. For this pur-
pose, a variable is defined in the finite-state machine that counts how often a page
was visited.
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FIGURE 5.16: Item illustrating scoring when PageAreas are used (html|ib).

Items without response on a not visited page are coded as not reached (NR), miss-
ing responses on visited pages are coded as omitted response (OR). For more details,
see the item shown in Figure 5.17 and use the Scoring DebugWindow (as described in
section 1.5.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/PageAreaScoringExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/PageAreaScoringExample.zip
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FIGURE5.17: Item illustratingMissingValueCoding for amulti-paged item (html|ib).

5.4 Automatically Generated Variables

 

 

TheCBA ItemBuilder runtime will create some selected variables automatically:

• reactionTime: Time (inmilliseconds) between the start of the task execution and the
first user interaction.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleMCScoringExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SimpleMCScoringExample.zip
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• execTime: Time in (milliseconds) since the start of this task execution.
• nbInteractions: Number of user interactions since start of the current task execu-
tion.

Deployment software for CBA ItemBuilder tasks (see chapter 7) can use identical
tasks multiple times and can allow to re-visit tasks. For that purpose, the runtime
also computes the cumulative variables:

• reactionTimeTotal: Accumulated time (in milliseconds) between the start of the task
execution and the first user interactions in previous executions of the task (exclud-
ing the last execution, that can be found in the variable reactionTime).

• execTimeTotal: Accumulated time (inmilliseconds) inprevious executionsof the task
(excluding the last execution, that can be found in the variable execTime).

• nbInteractionsTotal: Accumulated number of user interactions in previous execu-
tions of the task (excluding the last execution, that can be found in the variable
nbInteractions).

5.4.1 Scoring Complete TaskswithWeights

 

 

This scoring is included in the CBA ItemBuilder tomaintain compatibility with old
items. It is considered outdated, as it only allows to derive one score per tasks.

If only dichotomous scoring is required for the complete Task, the CBA ItemBuilder
implemented a simple approach.

• MinHits: For each Task can be defined, howmanyHit-conditions must be fulfilled,
that the task is scored as True.

• Weight: EachHit-/ andMiss-conditions is assigned to aWeight.
• Class: EachHit-/ andMiss-conditions is assigned to a Class and to each Class either
Hit-/ andMiss-conditions are assigned.

Each task provides the following results:

• result: Overall result (1 if the at least the number of hits is active that is defined as
the propertyMinHits, 0 otherwise).

• nb_Hits: Number of (active) hits.
• Hit_weight: Total weight of hits.
• nb_Misses: Number of (active) misses.
• Miss_weight: Total weight of misses.
• credit_Class: Name of the Classwith the highest value.The value is computed as the
sum of weight for all activeHits (in classes withHits) or all activeMisses (in classes
withMisses).

• credit_weight: Weight of the class with the highest class weight.
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5.5 Checklist and CompleteWorkflow

 

 

As a summary the following list describes the typical workflow that is required for
implementing automatic scoring in the CBA ItemBuilder:

• Prepare the implementation of scoring by defining explicit User Defined IDs (see
3.7.4) for all components that should be used for scoring. It is not possible to define
scoring using the automatically generatedUserDefined IDs that start with a $-sign.

• Define a task as an entry point for the CBA ItemBuilder project. Since the scoring
definition is done per task, a task must always be defined first (see section 3.6 for
details).

• When tasks are defined, defineClasses. For each variable that should be included in
the result data for a particular Task define one variable. For all newly created items
activate the option Use first active hit per class (applies to all classes).

• Define Hit-Conditions, that evaluate to true if the required conditions are fulfilled
(see section 5.3.2. Order the Hit-conditions and add a default condition with the
hit-syntax true as last condition.This will ensure that each class has one active hit
(see section 5.3.3). For a usual workflow Miss-conditions are not needed, neither
areWeights.

• Extract string information using the resultText()-operator, if necessary. While
hits are as values of categorical variables, the Result-Text can be used to capture
numerical or text responses.

• Assign hits to classes. Classes fulfill the function of variables in the scoring of CBA
ItemBuilder projects. Besides the unique name of the class (variable name), a de-
scription of the class can be entered in the Class Comment (variable description).

• Decide how to handle missing response and implement, if necessary, additional
Hit-Conditions for omitted responses andnot reached questions (see section 5.3.11).
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• Test the scoring implementation using the ScoringDebugWindow. If the option Use
first active hit per class (applies to all classes)was not activated,make sure
that exactly one hit (or miss) is active for each class at any point in time (see 8.4.2).



6
Recipes and Examples

 

 

This chapter provides concrete recipes and examples for creating innovative assess-
ments using the CBA ItemBuilder.The first section 6.1, starts with tips about regular
expressions, mainly used for scoring purposes and to restrict the possible text input.
The subsequent sections focus on resource files (i.e., images, audio, and video files;
see section 6.2) and on the global properties (i.e., definitions that a shared within a
CBA ItemBuilder project file; see section 6.3). Examples illustrating the use of Con-
ditional Links and Finite-State Machines syntax for different purposes are described
in section 6.4. Section 6.5 focuses on digital calculators and the implementation us-
ing either Finite-State Machines or ExternalPageFrames. More examples for the use of
HTML5/JavaScript content with ExternalPageFrames are provided in section 6.6. Sec-
tion6.7 summarizespossible approaches to implementingadaptive assessmentsus-
ing the CBA ItemBuilder. Finally, section 6.8 focuses on efficiency and tricks to im-
plement content using the CBA ItemBuilder with less effort, and section 6.9 refers
to creating items in multiple languages.

365
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6.1 Regular Expressions

 

 

For different purposes, the CBA ItemBuilder supports the use of so-called Regular
Expressions.Regular expressionsare sequencesof characters (i.e., strings) that canbe
used to formulate patterns that match text with specific properties. The CBA Item-
Builder allows regular expressions to restrict the input to SingleLineInputFields and
InputFields. If a regular expression is defined in components of this type as Input
Validation Pattern, only text that matches the defined pattern can be entered. The
CBA ItemBuilder also supports the use of regular expressions for the scoring of text
responses and for conditional links. The syntax for defining patterns as regular ex-
pressions that can be used for restricting input as well as for matching responses
is listed in the Appendix (B.3).1 In regular expressions used for scoring, conditional
linking, or for definitions in any other syntax part of the CBA ItemBuilder, \ need to
be escaped (i.e., replaced with \\). Some characters have special meaning in regular
expressions andmust be escaped. All escaped characters begin with the ’' character.
Within a regular expression , only \, –, and ] need to be escaped.2

6.1.1 Valid UserDefinedIds as Regular Expression

To illustrate how regular expressions can be used to define patterns for valid text,
we illustrate how the possible schema for UserDefinedIds (see section 3.7.4) can be
translated into a regular expression:

 

 

Only strings matching this regular expression can be used as UserDefinedId: ([A-
Za-z][A-Za-z_0-9]*)

1Note that the flavor of regular expressions used by the CBA ItemBuilder is based on Unicode: http:
//www.unicode.org/reports/tr18/

2For creating and testing regular expressions, there are a number of helpful web resources available,
such as https://regex101.com and http://regexr.com.

http://www.unicode.org/reports/tr18/
http://www.unicode.org/reports/tr18/
https://regex101.com
http://regexr.com
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According to the syntax of regular expressions (see table B.3 in the appendix for de-
tails) this expression defines the following pattern:

• Only uppercase or lowercase characters are allowed as first characters: [A-Za-z].
This matches the requirement that a User-Defined Id must start with a character
andmust have a length greater or equal one.

• Digits and underscores are allowed after the first position in addition to uppercase
and lowercase characters: [A-Za-z_0-9]*, but no umlauts / vowel mutations are al-
lowed.

• The number of characters is not limited, and white spaces are not allowed.

This restriction of allowed characters also applies to name of Tasks (see 3.6.1), name
of Finite-State Machine Variables (see section 4.2) and States (see section 4.4).

6.1.2 Scoring (Text) Responseswith Regular Expressions

Regular expressions are often used to define hit or miss conditions when scoring
CBA ItemBuilder tasks.The item shown in Figure 6.1 illustrates with a synthetic ex-
ample the use of regular expressions for scoring text responses.

Regular Expressions with Alternatives: The first hit (Variable1_Correct) defined in
the example uses the syntax [D|d]og within a regular expression, which recognizes
both upper and lower case forms of dog:

matches(txtVar1,"\\s?[d|D]og\\s?")

This syntax is supplemented by \\s?, i.e. an optional space before or after the
searched words. As described above, the expression \s (see appendix B.3) was
thereby paraphrased as \\s.

Combinationof matches()-operators: Alternatives can be formulatedwithin regular
expressions.However, it is often easier to combine several matches() operators in the
scoring condition. The hit Variable1_Wrong is an example of this, where the already
described case detection is combinedwith anoperator that detects empty text fields:

(not matches(txtVar1,"\\s?[d|D]og\\s?") and not matches(txtVar1,""))

 

 

When combining matches() operators with and and or the rules for bracketingmul-
tiple operands must be observed (see section 4.1.3). The negation with not can ad-
ditionally be added as part of the operands.
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FIGURE 6.1:Example item illustrating scoring wit regular expressions (html|ib).

EmptyResponse: For encodingmissing (text) responses, an empty string canbepro-
vided as argument for the matches()- operator to check whether a character was en-
tered at all:

matches(userDefinedIDInputField,"")

This pattern was used in the item in Figure 6.1 for defining hits to iden-
tify missing responses. Because the CBA ItemBuilder’s implementation of the
matches(userDefinedIDInputField,"") (i.e., the use of "" empty expressions) is also
triggered in multiline TextFields as soon as one empty line is included, it may also
be useful to check if no characters have been entered with the following regular ex-
pression:

not matches(userDefinedIDInputField,"^(?!\\s*$).+")`

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringInputFieldExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ScoringInputFieldExample.zip
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Figure 6.2 illustrates the difference between empty expressions "" and the expres-
sion to match white spaces "^(?!\\s*$).+".

 

 

FIGURE 6.2: Example item illustrating the different approaches to check empty in-
put (html|ib).

DecimalNumbers (with . or ,): Another application of a selection via | can be used to
accept both dot and comma as decimal separators ([.|]). In cultures where a thou-
sands separator is not typically used, this canbeusefulwhen checkingdecimal num-
bers:

matches(txtVar2,"\\s?3[.|,]5\\s?")

As shown in the second item in Figure 6.1, this can be used to check whether the
correct answer (3,5 or 3.5) was entered in the SingleLineInputField with the UserDe-
finedId: txtVar2.

Numerical Ranges using Regular Expressions: By combining the components, it is
also possible to checkwhether an entered decimal number iswithin a desired range:

((matches(txtVar3,"\\s?[2][.|,][5-9]\\s?") or
matches(txtVar3,"\\s?[3-6][.|,][0-9]\\s?")) or
matches(txtVar3,"\\s?[7][.|,][0-33]\\s?"))

Scoring conditions like this (seeHit Variable3_Correct) can also be negated and com-
bined with a check for empty inputs (seeHit Variable3_Wrong).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MatchesMultiLineTest/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MatchesMultiLineTest.zip
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6.1.3 Input Validationwith Recuglar Expressions

Regular expressions are also commonly used when creating items with the CBA
ItemBuilder to limit the possible inputs of text. A restriction of the possible char-
acters that can be entered to text fields, such as SingleLineInputFields and Input-
Fields, is a common requirement for the implementation of items with (short) text
responses. To apply an input restriction using the CBA ItemBuilder, components
that support this feature provide the property Input Validation Pattern in section
Misc of the Properties-view.

To define an input validation, the component must be selected in the Page Editor. If
necessary, the contextmenu canbeused to open theProperties-view (entry Show Prop-
erties View). Regular expressions are entered in as Input Validation Pattern property
(see Figure 6.3).

 

 

FIGURE 6.3: Property Input Validation Pattern in the Properties-view.

When using regular expressions to restrict text input, please note that the pattern
must be valid not only for the final response but also for all intermediate steps in the
input of the response.

 

 

The default value of the component must match the regular expression.

Since the input is made characterwise, the input 3., for example, must also be valid
with respect to a particular pattern so that a decimal number 3.0 canbe entered.This
is not necessary for the identification of different free text responses with regular
expressions (see 6.1.2).

The item shown in Figure 6.4 illustrates some of the regular expressions often used
to restrict text entry for SingleLineInputFields.

Restricting the possible characters that can be entered into a SingleLineInputFields
(or InputField) simplifies scoring for short text responses and also affects the design
of tasks.The rejected characters are, however, included in the LogEvents provided by
components of type SingleLineInputField and InputField.In the followingweprovide
commented and documented regular expressions for input validation that are used
in the item shown in Figure 6.4.
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FIGURE 6.4: Item illustrating different Input Validation Pattern (html|ib).

Integer Numbers: Only the numbers 0 to 9 can be entered in an input field with the
following Input Validation Pattern:

[0-9]*

Empty strings are allowed (because of the *).

OnlyLetters,Blanks andDigits: Only the numbers 0 to 9, small letters a to z and cap-
ital letters A to Z can be entered in an input field with the following Input Validation
Pattern:

[a-zA-Z0-9]*

Only Single Letters: Only one single letter A-Z, or an empty sctring is allowed when
using the following Input Validation Pattern:

[A-Z]{0,1}?

AllCharacters,ExceptDigits:With the help of the following Input Valiation Pattern
it can be achieved that all characters except digits can be entered:

[^0-9]*

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputValidationInputFieldExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputValidationInputFieldExample.zip
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Decimal Number (with .): The input of decimal numbers is possible with this Input
Validation Pattern, where both only . as decimal separator is allowed.

([0-9](\.[0-9]?)?)?

The expression allows one digit left to the digital delimiter (\.).The digital delimiter
and one additional digit is optional. Empty strings are allowed.

Length Restricted Decimal Number (max 3 digits, with . or ,): If inputs are to be
limited in length, this can also be implemented with regular expressions:

((\d{1,3})([.|,](\d{0,2}))?)?

In this example, only digits ‘(\d]{1,3})’, one to three characters, are accepted before
the decimal delimiter. A dot or comma are allowed as decimal delimiters ([,|.]). Up
to three digits can be entered right to the decimal delimiter ((\d{0,2})). The second
group “()?” is optional ([.|,](\d{0,2}))? and empty strings are allowed.

Feedback using Input Validation Events: If an Input Validation Pattern applies to
the current input into a SingleLineInputField or a InputField, an FSM Event can be
triggered.The following example in Figure 6.5 illustrates the use of Input Validation
Events, Raised In Events and Raised Out Events to inform test-takers about allowed
characters and ignored inputs.

 

 

FIGURE 6.5: Item illustrating the use of Input Validation Events (html|ib).

Regular Expressions are one of the standard approaches to search for patterns in text
strings. In the CBA ItemBuilder, regular expressions are used at Runtime for scoring
text responses and for restricting input. The examples described in this section can

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputValidationEventExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/InputValidationEventExample.zip
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only illustrate how regular expressions can be used. Concrete requirements can lead
tomore complex regular expressions, which can also be used to prevent the entry of
sensitive information such as telephone numbers, for example. The regular expres-
sions used must be tested in a systematic test strategy (see, for instance, 8.4.2) to
collect reliable empirical data.

6.2 Ressources Files

 

 

Multimedia resources (images, videos, and audio files) are of great value in contex-
tualizing interactive assessment, creating simulations and small experiments, and
designing static and interactive content.

6.2.1 Preparing Image Files

Section 3.10.1 describes supported file formats. As it supports lossless compression,
the PNG format (Portable Network Graphics) is often a good choice when preparing
image files for designing items with the CBA ItemBuilder.

Some open source tools that might be helpful include:

• Simple image editor, e.g., paint.net
• More complex application, e.g., gimp

For CBA ItemBuilder versions prior to Version 10.0, images where suggested to dis-
play text with non-web-safe fonts.3 In particular for online deployment (see section
7.2.1), image size canmake a difference. If possible, images should be reduced to the

3The generation of many image files (e.g., to display texts in a non-web-safe font) can also be auto-
mated before the images are then inserted into the CBA ItemBuilder. Here is a simple example where
texts are read from an Excel file and generated as small image files

https://www.getpaint.net/
https://www.gimp.org/
https://github.com/kroehne/IRTlibTextImageGenerator
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required size, and stored as efficiently as possible (for instance, using vector quan-
tization algorithms for PNG images, as provided by pngquant).

How to use transparent images? As shown in Table 3.9, transparency is also sup-
ported by the PNG format. To use images in the PNG format with transparent back-
ground, the property Is Transparent of the component that will be used within the
CBA ItemBuilder to show the image, must be set to true (see Figure 6.6).

 

 

FIGURE 6.6: Example item illustrating transparent images in the PNG-format
(html|ib).

Howtocreatemultiple layers?Theexample shown in Figure 6.7 illustrates that com-
ponents of type ImageField can be arranged indifferentZ-order (see section 2.11.4 and
also section 3.7.5 for an example).

 

 

FIGURE6.7:Example item illustrating ImageFieldswith alpha transparency and dif-
ferent Z-Order (html|ib).

https://pngquant.org/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TransparentImageExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TransparentImageExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AlphaImageExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/AlphaImageExample.zip
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Advanced scenarios combining and overlaying several images with semi-
transparency currently need to be prepared outside the CBA ItemBuilder. To
implement semi-transparency, please merge the images in a graphics tool and, if
necessary, cut them into several pieces.The components described in section 3.10.2
can be used to design items with multiple images.

How tofind the original size of an image in pixel?The size of images in pixels is rel-
evant for the design of computer-based items (not only with the CBA ItemBuilder).
If the images are too small, i.e., smaller than the size in which they are displayed,
then a blurred impression results from the extrapolation during enlargement. If the
images are too large, they must first be loaded entirely in the browser before they
can then be reduced to the actual size for display.This consumes bandwidth unnec-
essarily.

To learn about the size of an imagefile, right-click the file in eitherExplorer or Finder,
and select Get Info (Mac) or Properties (Windows) to see the physical size of images (in
pixels). OnWindows, a click either on Details or Summary can be required to access
the information (the tab name will depend on the specific operating system).

To support the display in the size thatmatches the file size, theCBA ItemBuilderwill
automatically resize the component (e.g., ImageFiled) to the size of the image after
linking the image to the component.

Why to resize images before adding them to the CBA ItemBuilder? It is recom-
mended to reduce images for use in the CBA ItemBuilder to the size with which the
images should actually be used. This does not only reduce the file size and thus po-
tentially the loading time in online deliveries, it also allows a better control over the
result of the scaling, as shown in Figure 6.8.

 

 

FIGURE 6.8:Example showing images resized to different sizes (html|ib).

Always use Proportional Scaling: If image files are resized in the CBA ItemBuilder,
please make sure that the aspect ratio does not change (proportional scaling). The

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageResizeBrowserExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ImageResizeBrowserExample.zip
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easiest way to do this is to resize the image display component using the grid points
at the corners (and not to use the grid points in the middle between the corners).

 

 

It is recommended to always insert images into CBA ItemBuilder project files in
the size in which they will be displayed (to save disk space and bandwidth). For a
professional look, images must never be compressed or stretched, i.e., the aspect
ratio (or preferably thewidth andheight inpixels) of an imagefilemust be identical
to the aspect ratio (or preferably the width and height in pixels) of the component
displaying the images.

6.2.2 Preparing Audio and Video Files

Audio and video files can be used in CBA ItemBuilder Tasks as part of the instruc-
tion, as a stimulus (for example, for listening comprehension tasks), or for test ac-
commodation (i.e., reading aloud test accommodation). In the current version, CBA
ItemBuilder supports libraries for generating conversion from Text to Speech only via
ExternalPageFrames. The default way is to create audio files and videos (analogous to
images) before using them in the CBA ItemBuilder and import media resources via
theResourceBrowser (see section 3.10.1).4 Someopen-source tools thatmight be help-
ful include:

• Tools for audio editing and converting, e.g., audacity
• Tools for video converting (e.g., ffmpeg, VLC player)
• Tools for video capturing (e.g., OpenShot or OBS)

Howtoconvert audioandvideofiles formats?Various tools, such as theVLCplayer,
exist that support convertingfile formats.TheCBA ItemBuilder supports thefile for-
mats listed in section 3.10.1 for audio and video files. For video resources, not only
thefile format but also the codec usedmust be taken into account.Whether an audio
or video file in a particular format can be used for test delivery depends not only on
the CBA ItemBuilder. The browser or web browser component used to display the
item content must support the format used. Therefore, it is recommended to keep
the sources, especially for self-created audio and video files, and to test the usability
in the concrete setting before converting and integrating many files.

How to change the volumeof the audiofiles?The volume of audio and video is fixed
within the files and can, within certain limits, be increased or decreased as part of
the pre-processing. For audio files, this can be done, for instance,with audacity.The
VLC player and other tools support this functionality for video files.

How test-taker can change the volume?The volume of audio resources within the

4A free tool to generate speach from text can be found here: https://ttsmp3.com/.

https://www.audacityteam.org/
https://ffmpeg.org/
https://www.videolan.org/
https://www.openshot.org/
https://obsproject.com/
https://www.videolan.org/
https://www.audacityteam.org/
https://www.videolan.org/
https://ttsmp3.com/
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file is one of many factors determining how loud audio files are played during Run-
time.The components used for embedding Audio and Video resources can also change
the audio output volume (see section 3.10.3 for details), either using the visible Con-
trols or using a Finite-StateMachine operator.

6.3 Global Properties

 

 

Each CBA ItemBuilder project file has global settings that are used for all tasks (and
thus for all pages) of the project.

 

 

If the settings of components cannot be changed or defined via the Properties-view,
then they can be adjusted in the Global Properties.

6.3.1 Project Settings

As described in section 3.2.2, the context menu that is available using right-click on
the project name in the Project View gives access to the Project Settings using the entry
Global Properties.

Presentation height/width: The display size of an assessment component is set in
pixels for a currently opened project file in theGlobal Properties (see section 3.2.2 and
also section 3.6.2). Content created with the CBA ItemBuilder can be displayed in
differentways (see section 7.2.1), including the use ofProportional Scaling (see section
2.4).

Link Color / Visited Link Color: General settings for the link color and the color of
visited links can be set for the entire project in the Global Properties. These settings
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are used for components of type Link (see section 3.11.1) and also for components of
type Button (see section 3.11.2).

Highlight Color: For the response formatHighlighting (see section 3.8.3) the default
color can be defined.

ContextMenuSettings: By default, the contextmenu is disabled at runtime for CBA
ItemBuilder web-based deliveries (i.e., Show browser context menu is not selected).
However, under specific conditions, a context menu that gives access to Copy, Cut,
and Paste can be helpful, activated using the option Show edit context menu.

Page SizeWarnings: Before executing a preview, the CBA ItemBuilder checks if all
pages stay within the size defined as CBAPresentation Size (see section 3.2.2 and also
section 3.6.2). If scrollable areas are to be created, e.g. with the help of components
of the type PageArea (see section 3.5.4), the warning message (shown in Figure 3.51)
can be ignored or deactivated via the setting in the Global Properties.

Trace Variable Changes: Log entries for changes to variable values (see section 4.2)
can be created automatically if the Trace Variable Changes option is enabled.

DeprecatedFeatures /FeaturesunderDevelopment:The tabProject Settings contains
additional options that are kept for compatibility reasons, are currently not used or
not documented so far. The options Deactivate Firefox context menu, Ctrl+F - Page, and
Right-To-Left Orientation and XLIFF Support are not available, tested or supported in
the current version of the CBA ItemBuilder. The Default Language / Extension should
match the language of the test, but the setting is not yet used at many places.

6.3.2 Translations and Icons

ThetabTranslations (see Figure 6.9) canbeused toprovide translated texts for various
Englishdefault texts that canbe of relevant at runtime.Default icons that are used in
different components canbe linked to embedded resourcefiles in aCBA ItemBuilder
project file in the tab Icons. Note that the filesmust be added using theResourceBrowser
(see section 3.10.1) before the icons can be assigned.

 

 

FIGURE 6.9: Tabs Translation and Icons in the Global Properties of CBA ItemBuilder
Project Files.



6.3 Global Properties 379

6.3.3 CSS Styles

If items are to be designed according to precise specifications, selected properties
can be missing in the CBA ItemBuilder. For example, in the current CBA Item-
Builder, the text color for disabledbuttons cannot bedefined via thePropertiesView.
For such (rather extraordinary) use cases and refinements, CSS classes can be used
for HTML5 generation. CSS styles are defined by entering valid CSS syntax into the
text field in the tab CSS Styles of the Global Properties. CSS classes can be assigned by
entering the class name into the field CSS Class Name in the Properties-view of com-
ponents (see Figure 6.10 for an example).

In this example, the following CSS definition is used to define the text color of but-
tons when they are de-activated (frozen):

.mycssdemo:disabled {
color: rgb(205 213 225)!important;

}

 

 

FIGURE 6.10:Example item illustrating the use of CSS Styles (html|ib).

Please note that the use of CSS styles should be the exception since these CSS styles
may not be adopted in case of a possible change of the delivery technology and that
the CBA ItemBuilder does not check the validity of the CSS styles.

 

 

User-defined CSS styles can be a potent tool for customizing the appearance and
behavior of items, which is, however, specific to the HTML output format of the
CBA ItemBuilder used in the current versions. Please use this optionwith the nec-
essary technical caution.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CSSClassNameExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CSSClassNameExample.zip
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6.3.4 Metadata (about Content)

TheCBA ItemBuilder provides an interface to definemetadata for each project file (see
Figure 6.11), that can be edited in the Global Properties (right-click the project name
in the Project View), in the tabMeta-Data.

 

 

FIGURE 6.11: TabMeta-Data in the Global Properties of CBA ItemBuilder Project Files.

 

 

TheCBA ItemBuilder is a tool for creating and sharing assessment content. In the
metadata, the information with which item authors want to enable the sharing of
items can be stored in each project file.

The entries are stored as key-value pairs, providing the followingDublin Core keys as
default (definitions copied from the Dublin core specification):

• Title: A name given to the resource (i.e., the CBA ItemBuilder project file including
one or multiple Tasks). Within a collection of CBA ItemBuilder items belonging to
an instrument, test, or item pool, the usage should be consistent, e.g., the unit
name, the itemname, or even for several CBA ItemBuilder projects, the test name.
If the identical title is used formultiple CBA ItemBuilder project files, the concrete
items can be distinguished by the identifier.

• Description: A text-based account of the resource, describing, for instance, themea-
surement goals, the required competences, skills or sub-skills, etc.

• Subject:The topic of the itemsormaterial combined into aCBA ItemBuilder project
file. If possible, a controlled vocabulary should be used.

• Date: A point or period of time associated with an event in the lifecycle of the CBA
ItemBuilder project file (i.e., the year in which a particular assessment used the
item or similar).

https://www.dublincore.org/specifications/dublin-core/dces/
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• Language: A language of the resource (i.e., the CBA ItemBuilder project file). Rec-
ommended general best practice is to use a controlled vocabulary such as RFC 4646
(Phillips and Davis, 2009)

• Format: The file format of the resource. For the CBA ItemBuilder it is suggested to
include the URI of the CBA ItemBuilder and the version information (e.g., created
with CBA ItemBuilder 9.8, https://www.itembuilder.de)

• Type: The nature or genre of the resource. For assessment content, the type could
refer to the item type (e.g., multiple-choice task), the function of the component
within the assessment (e.g., instruction, tutorial, cover page, etc.), or the assess-
ment type (e.g., summative or formative assessment).

• Identifier: An unambiguous reference to the resource within a given context. For
assessments this could be an Item-ID, or any other ID that is used to describe the
assessment content stored in this CBA ItemBuilder project file.

• Coverage: The spatial or temporal topic of the resource, the spatial applicability of
the resource, or the jurisdiction under which the resource is relevant.

• Source: A related resource from which the described resource is derived. The de-
scribed resourcemay be derived from the related resource inwhole or in part. Rec-
ommended best practice is to identify the related resource by means of a string
conforming to a formal identification system.

• Relation: A related resource. Recommended best practice is to identify the related
resource by means of a string conforming to a formal identification system.

• Rights: Information about rights held in and over the resource. Typically, rights in-
formation includes a statement about various property rights associated with the
resource, including intellectual property rights.

• Creator: A person, an organization or a service primarily responsible for making
the resources.

• Contributor: A person, an organization or a service that is responsible for making
contributions to the resources.

• Publisher: An entity responsible for making the resource available. Examples of a
Publisher include a person, an organization, or a service. Typically, the name of a
Publisher should be used to indicate the entity.

AdditionalMeta-Data as key-value pairs can be defined by using the button Add key
and defining the values of the user-defined keys.

https://www.itembuilder.de
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6.4 FSM andConditional Link Syntax Examples

 

 

6.4.1 Create Animated Instructions

In order to achieve a higher degree of standardization of assessments, e.g. if it is not
ensured that all target persons can or want to read fluently, instructions are often
read aloud. For this requirement the CBA ItemBuilder allows the use of components
for the playback of audio files or videos (see section 3.10.3).The following example in
Figure 6.12 illustrates howmp3 files are played back one after.The playback for each
audio file one.mp3, two.mp3 and three.mp3 is started in a transition between two states
and the transitions are triggeredby either the button (one.mp3) or the audioStopEvent
(see subsection 4.4.3) linked to the Audio component used to playback the preceding
audio file.

Multiple events (see subsection 4.4.3) are used to create the example shown in Figure
6.12:

Events: EV_AudioOneFinished, EV_AudioTwoFinished, /* Audio Stop Events */
EV_AudioThreeFinished
EV_Start, EV_Reset; /* Start and Reset */

The three audio stop events are used to trigger the transitions between the states
One, Two andThree, the two additional events EV_Start and EV_Reset are used to start
the instruction and to reset the illustration. Note that in real assessments the in-
struction would like be implemented to start automatically (using, for instance, the
property Automatic Start of the first Audio component, see section 3.10.3 for details).

The remainingfinite-statemachine rules (simplified) are shown in the following list-
ing:
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FIGURE 6.12:Example for sequence of audio files with multiple states (html|ib).

// First transition starts automatically
Rules: Start -> NotStarted {true|setFrozen(B_Next)}

// Triggered by button 'Start'
NotStarted => One {EV_Start|setMediaPlayer(A_One, mp_start),

setFrozen(B_Start)}

// Triggered by the audio end event of audio one, two, or three:
One => Two{EV_AudioOneFinished|setMediaPlayer(A_Two, mp_start)}
Two => Three{EV_AudioTwoFinished|setMediaPlayer(A_Three, mp_start)}
Three => InstructionFinished{EV_AudioThreeFinished|unsetFrozen(B_Next)}

// Reset (the illustration) triggered by button `Reset`
InstructionFinished => NotStarted{EV_Reset|setFrozen(B_Next),

unsetFrozen(B_Start)}

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SequenceOfInstructionStepsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/SequenceOfInstructionStepsExample.zip
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6.4.2 AdaptivityWithin Tasks using Conditional Links

Adaptive testing based on item response theory requires a scaled item pool. If as-
sessments are not performed with the goal of IRT-based ability estimation using
already known item parameters, skip rules using conditional links can also be used to
implement explicitly specified branching.

The item in Figure 6.13 shows an example where tasks are presented following a pre-
defined branching tree (see Figure 6.14) depending on the solution of previous tasks.

 

 

FIGURE 6.13: Item illustratingwith-task adaptivity using Conditional Links (html|ib).

In this hypothetical example, the assessment is done separately in two sections. In
a first learning phase, additional pages are displayed after each incorrect answer,
which could contain explanations or motivational feedback, for example. These ad-
ditional pages are not displayed if a task has already been solved correctly. In the
secondmeasurement phase, no feedback provided, but the difficulty of the adminis-
tered task take still previous responses into account.

 

 

FIGURE 6.14:Adaptivity in the with-task adaptivity example shown in Figure 6.13.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ConditionalLinkingAdaptivityExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ConditionalLinkingAdaptivityExample.zip
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The following tasks are used in the example, adminsitrated according to the logic
shown in Figure 6.14:

• Question 1:What fraction of the square is blue?
 

 

(A: 4
3 , B:

5
8 , C:

3
8 , D:

7
3 , E*:

1
2 )

• Instruction 1: Some useful hint how to count the number of highlighted areas in a
figure, using the plot of Question 1 as an example.

• Question 2: What fraction of the square is red?
 

 

(A: 1
2 , B:

2
3 , C:

4
9 , D*:

5
9 , E:

1
5 )

• Instruction 2: Some useful hint how to count the number of highlighted areas in a
figure, using the plot of Question 2 as an example.

• Question 3: What is the denominator of the fraction 12
25 (Short text: 25)

• Question 4: What is the numerator of the fraction 7
8 (Short text: 7)

• Instruction 3: Some useful hint how the two components of a fraction are labeled
(i.e., Fraction = Numerator

Denominator ).

• Question 5: Express 3 ÷ 5 as a fraction (A: 5
3 , B*:

3
5 , C: 15)

• Question 6:What fraction of one kilogram are 3 grams? (A: 3
10 , B:

3
100 , C*:

3
1000 , D:

3
10000 ,E: 3)

• Question 7: How do we write two-thirds? (A: 3
2 , B*:

2
3 , C:

1
3 , D:

1
2 )

• Question 8:What fraction are 2months of one year? (A: 2, B: 1
12 , C*:

1
6 , D:

2
10 , E:

1
2 )

• Question 9: What is the number that makes these fractions equal? 2
? = 4

12 (A: 4,
B*: 6, C: 8, D: 3, E: 10)

In this example, forcing answers has been omitted andmissing answers are treated
as incorrect.

6.4.3 Hiding/Showing Components on Pages

The operator setHidden(UserDefinedID) can be used to hide the components with
the UserDefinedId. Similarly, the unsetHidden(UserDefinedId) operator can be used to
make a hidden component visible again. As can be seen in Figure 6.15, this can be
used, for example, in Conditional Links to show or hide several components at the
same time.The combination of several components is done by several setHidden() or
unsetHidden() operators.

For hiding or un-hiding images, as an alternative to the setHidden() / unsetHidden()
operators, aValueMap and a component of type MapBasedVariableDisplay can be used
(see section 4.2). For this purpose, an empty or transparent image, for example, is
assigned to a value in the ValueMap.
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FIGURE 6.15: Example item illustrating the use of setHidden() / unsetHidden()-
operators in Conditional Links (html|ib).

6.4.4 Approaches to ShowAdditional Content

Figure 6.16 illustrates different options to show additional information on request
of test-takers. Example 1 displays additional information using a page configured
as Dialog Page, linked to a button. The Dialog Page is configured as Closable: false
and positioned using the X and Y coordinate of the Frame. The information is hided
using a button defined with the command CLOSE that is placed on the Dialog Page.
Example 2 uses a MapBasedVariableDisplay to show either a question mark or a text
depending on the value of a variable, and the value of the variable is changed using
the Finite-StateMachine and an event assigned to the MapBasedVariableDisplay.

 

 

FIGURE 6.16:Example item illustrating the different ways to show additional infor-
mation (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/EliminateWrongChoicesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/EliminateWrongChoicesExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowAdditionalInformationExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShowAdditionalInformationExamples.zip
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Example 3 also uses events. The page shown in a PageArea is changed when the test-
taker clicks into the SingleLineInputField using an event linked asRaised InEvent and
an empty page is shown in the PageAreawhen theRaisedOutEvent is triggered. Exam-
ple 4 makes additional information visible using the unsetHidden()-operator, linked
to the Raised Events of RadioButtons.

6.4.5 Implement Time Limits for Tasks

Limiting the available time for test parts inwhich test-takersmay be able to navigate
freely can be provided by the test delivery software. However, time limits are also
doable within assessment components. In multi-page CBA ItemBuilder projects,
time limits can be implemented with timed FSM events (see section 4.4.3). Figure
6.17 illustrates how a time limit can be implemented formultiple tasks.The example
also uses PageAreas (see section 3.5.4) to implement a permanently visible outer page
in which the time-limited tasks on sub-pages are embedded.

 

 

FIGURE 6.17:Example item illustrating a time limit for multiple tasks (html|ib).

To understand the example in Figure 6.17, it is crucial to see that the timed event
EV_Timelimit only results in a timeout within the ST_Started state:

Events: EV_Start, // Start time restricted section
EV_Timelimit 10, // Timed event (10 seconds)
EV_Task1, EV_Task2, EV_Task3; // Events for navigation

Rules: ST_Start->ST_NotStarted{true}

ST_NotStarted => ST_Started{EV_Start|setEmbeddedPage(PA,task1)}

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimeLimitExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/TimeLimitExample.zip
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ST_Started internal {EV_Task1|setEmbeddedPage(PA,task1)}
{EV_Task2|setEmbeddedPage(PA,task2)}
{EV_Task3|setEmbeddedPage(PA,task3)}

ST_Started => ST_Timeout{EV_Timelimit|setEmbeddedPage(PA,timeout)}

ST_Timeout => ST_NotStarted {EV_Start|setEmbeddedPage(PA,instruction)}

This desired behavior is achieved by defining a rule for the event EV_Timelimit only in
the FSM state ST_Started.

6.4.6 Navigation Restriction

An essential goal for implementing computer-based assessments (especially for
technology-enhanced items) is minimizing construct-irrelevant factors. Therefore,
all possibilities for interactionwith the itemmaterialmust be examinedand selected
to determine whether they are necessary for authentic task presentation or more of
a hindrance and distraction. The result of this consideration can be to enable cer-
tain functionalities only under clearly defined conditions. A typical example is the
restriction of free navigation through task material or the time restriction of the
availability of options. A small selection of possibilities, namely different options
to restrict the navigation (i.e., the use of a button Next), are illustrated in Figure 6.18.

 

 

FIGURE 6.18: Example item illustrating the different navigation restrictions
(html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationRestrictionExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NavigationRestrictionExamples.zip
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6.4.7 Videowith Built In Questions

Inspired by the Interactive Video format fromH5P, the following example shows how
a video canbeused split intomultiple parts to combine the presentation ofmultime-
dia content and opportunities for interaction. Figure 6.19 illustrates how segments
of a video can be shown, interrupted with questions.

 

 

FIGURE 6.19: Example item illustrating an interrupted video with embedded ques-
tions (html|ib).

6.4.8 Click-Sensitive Labels

For RadioButtons (and Checkboxes) the label texts should be click-sensitive. That
means, a click on the text next to a radio button or checkbox should select the corre-
sponding element. This ensures that RadioButtons and Checkboxes are not only acti-
vated when the test-taker hits exactly the (small) control. As shown in the following
example (A), this is the default behavior if the label text (i.e., the distractor text) is
defined using the text property of the RadioButton (or Checkbox). If the text property
is not used, a click on the additional component (for instance, an HTMLTextField or a
SingleLineInputFieldwith Readonly=true showing the distractor text) is not linked to
the RadioButton (or Checkbox, see B). In this case, it is suggested to use the advanced
features of the CBA ItemBuilder to make the components used to show the distrac-
tor text click-sensitive. This goal can be achieved with the CBA ItemBuilder using
syntax operators either as part of Conditional Links (see section 4.3) or in transitions
of a Finite-StateMachine (see section 4.4).

Solution Using Conditional Links: A first and simple solution based on Conditional
Links is shown in Figure 6.20.The example item illustrates the expected behavior (A)
if the text property of RadioButtons is used.The itemalso shows the problemof labels
that arenot click-sensitive (B). TouseofConditionalLinksas additional click-sensitive

https://h5p.org/interactive-video
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoWwithBuiltInQuestions/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/VideoWwithBuiltInQuestions.zip
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labels for RadioButtons (C) the labels were designed using SingleLineInputFieldswith
the property Readonly=true:

 

 

FIGURE6.20:Example for using operators inConditional Links to align SingleLineIn-
putFields and RadioButtons (html|ib).

As can be seen,when clicking on the text label for the different distractors for option
C, each click on the text automatically activates the corresponding RadioButton.This
behavior is implementedby assigningConditionalLinks to each SingleLineInputField,
as shown in the following example:

{page : true | setActive(rb1)}

The target page of the Conditional Link is the current Simple Page (with the name
page). The Boolean value true is defined as the condition, meaning that this partic-
ular condition will always be executed. Next to the pipe symbol, the operator setAc-
tiv(UserDefinedID) (see Appendix B.2 for details) is used to set the RadioButton with
the User-Defined-ID rb1 active (i.e., selecting the RadioButton and thereby, as the de-
fault behavior of components of type RadioButton de-selecting all other RadioButtons
in this particular RadioButtonGroup).

Solution Using Finite-State Machine: A second more general solution uses the
Finite-State Machine to align the RadioButton selection and clicks on the components
used as labels.5The example looks identical to Figure 6.20, but components of type
HTMLTextField are used as labels. The reason is, that HTMLTextFields allow to assign
FSM Events (see section 4.4.3).6 To implement option C with a Finite-State Machine,
one FSMEventmust be defined for each response option (i.e., for each RadioButton).
These events can then be used in a particular state, to activate the RadioButton (or

5The example can be found in the file ComponentsAsLabelsForRadioButtonsFSMExample.zip.
6Note that HTMLTextField could also be used with Conditional Links (see section 3.11.3).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComponentsAsLabelsForRadioButtonsConditionalLinksExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComponentsAsLabelsForRadioButtonsConditionalLinksExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ComponentsAsLabelsForRadioButtonsFSMExample.zip
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Checkbox) using the setActive-operator (see Appendix B.2 for details), for instance,
in an internal transition as shown in the following FSM syntax:

Events: EV_RB1, EV_RB2, EV_RB3, EV_RB4; // One event for each RadioButton,
// triggered by the HTMLTextFields

Rules: Start -> Running {true}
Running internal {EV_RB1 | setActive(rb1)} // The setActive-operator is used

{EV_RB2 | setActive(rb2)} // to change the selected RadioButton,
{EV_RB3 | setActive(rb3)} // when the event that is linked to
{EV_RB4 | setActive(rb4)} // the HTMLTextField's is triggered.

Both approaches alsowork to create click-sensitive labels for other components such
as Checkbox (see section 3.9.3).The choice between the two options ismostly amatter
of taste. However, some components can only be linked with Conditional Links and
other components only allow linking with FSMEvents.

6.4.9 ContextualizedMultiple-Choice Items

Figure 6.21 shows how components of type ImageValueDisplays and the Finite-State
Machine can be used to contextualize a multiple choice answer format. In the exam-
ple, the shown items shall be striked through.

 

 

FIGURE 6.21:Example for contextualized multiple-choice with images (html|ib).

The visual design of the response format is created with ImageValueDisplays so
that for each single choice an ImageValueDisplay shows either the selected or the
un-selected option. Each ImageValueDisplays triggers one of the events EV_Item01,
EV_Item02, EV_Item03, or EV_Item04 and the following FSM is used to change the values
of the variables:

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StrikeThroughMC/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/StrikeThroughMC.zip
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Events: EV_Item01, EV_Item02, EV_Item03, EV_Item04; // Events for the options

Rules: Start -> Running {true|set(V_Item01,1), // Initiallize the value of
set(V_Item02,1), // variables, used to store the
set(V_Item03,1), // selected state for each option
set(V_Item04,1)} // (1:=deselected, 2:=selected)

Running internal
{EV_Item01 : [V_Item01 == 1] | set(V_Item01,2)} // Conditional internal
{EV_Item01 : [V_Item01 == 2] | set(V_Item01,1)} // rules for switching
{EV_Item02 : [V_Item02 == 1] | set(V_Item02,2)} // between selected and
{EV_Item02 : [V_Item02 == 2] | set(V_Item02,1)} // deselected state for
{EV_Item03 : [V_Item03 == 1] | set(V_Item03,2)} // each option.
{EV_Item03 : [V_Item03 == 2] | set(V_Item03,1)}
{EV_Item04 : [V_Item04 == 1] | set(V_Item04,2)}
{EV_Item04 : [V_Item04 == 2] | set(V_Item04,1)}

Use of the responses given by clicks on components of type ImageValueDisplays
(stored internally in the variables V_Item01, V_Item02, etc.) for scoring the task is pos-
sible using the variable_in()-operator (see section 5.3.5).

6.4.10 Shuffle Response Options usingValueMaps

TheCBA ItemBuilder does not explicitly support the representation of answer alter-
natives in randomorder (shuffling).However, the functionality can be implemented
using MapBasedVariableDisplays and ValueMaps as shown in Figure 6.22.

 

 

FIGURE 6.22:Example for shuffle response options with ValueMaps (html|ib).

In addition to MapBasedVariableDisplays, the example uses an invisible component

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShuffleResponseOptionsExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ShuffleResponseOptionsExample.zip
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of type ExternalPageFrame to generate the random numbers in JavaScript. The ran-
domnumbers are requested from the Finite-StateMachinewith the callExternalPage-
Frame()-operator (see section 4.6.4), calling a JavaScript code to set the variable val-
ues. Since the ExternalPageFrame is not yet loaded at the time of loading the item,
initializing the variable values is triggered by calling the FSM event EV_Shuffle from
the ExternalPageFrame as soon as it is loaded and ready.

6.5 Calculators Examples

 

 

The CBA ItemBuilder offers two different approaches to integrate a calculator into
items. Digitalized calculators provide some advantages, e.g., the calculator can be
enabled or disabled according to item-specific needs. Simple pocket calculators can
be designed using visual components of the CBA ItemBuilder and directly inte-
grated into items with the finite-state machine without any further programming
knowledge. More specific and possibly more complex calculators can be integrated
into CBA ItemBuilder projects via ExternalPageFrames.

6.5.1 Basic Calculator using Finite-StateMachine

The following item in Figure 6.23 shows a basic calculator using the internal Finite-
StateMachine:

To implement the calculator using the CBA ItemBuilder Page Editor, components of
type Button (see section 3.11.2) and a component of type SimpleTextField (see section
3.8.1) are placed on a page. The Input Source property of the SimpleTextField type
componentmustbeassigned to the CALCULATION_ENGINE_RESULT value.All components
that have this Input Source are used by the CBA ItemBuilder to display the output of
the calculations that are calculated by the calculator engine of the finite-state ma-
chine. If the property Input Source Catch Focus for this SimpleTextField is set to true,
the keyboard input is automatically collected by the SimpleTextField and the calcula-
tor can be used using the keyboard. An optional second SimpleTextField can be used



394 6 Recipes and Examples

 

 

FIGURE 6.23:Example for a calculator based on ’Finite-State Machine’.

to show the calculator engine’s stack (using the value CALCULATION_ENGINE_OP_STACK
for the property Input Source).

The buttons must be assigned to Events so that in Finite-StateMachine Rules the input
can be passed to the calculator engine.7 An example FSM is shown below:

Events: /* One event is defined for each button: */
calc0, calc1, calc2, calc3, calc4, calc5, calc6, calc7,calc8, calc9,
calcPI, calcDecimal, calcMult, calcDiv, calcAdd, calcSub, calcRes,
calcC, calcAC;

Rules: /* Calculator settings are defined in very first transition */
Start -> Process{true | calcSettings(displayWidth => 12, scale => 24)}
/* Calculator operators are processed as internal rules */
Process internal { calc0 | calcOpnd(add, 0) }
Process internal { calc1 | calcOpnd(add, 1) }
Process internal { calc2 | calcOpnd(add, 2) }
Process internal { calc3 | calcOpnd(add, 3) }
Process internal { calc4 | calcOpnd(add, 4) }
Process internal { calc5 | calcOpnd(add, 5) }
Process internal { calc6 | calcOpnd(add, 6) }
Process internal { calc7 | calcOpnd(add, 7) }
Process internal { calc8 | calcOpnd(add, 8) }
Process internal { calc9 | calcOpnd(add, 9) }
Process internal { calcPI | calcOp(clear), calcOpnd(add, 3),

7Insteadof buttons other components canbeused for input if they canbe assigned to an event (e.g. Im-
ageValueMaps).
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calcOpnd(decimal), calcOpnd(add, 1),
calcOpnd(add, 4), calcOpnd(add, 1),
calcOpnd(add, 5) }

Process internal { calcDecimal | calcOpnd(decimal) }
Process internal { calcMult | calcOp(multiply) }
Process internal { calcDiv | calcOp(divide) }
Process internal { calcAdd | calcOp(add) }
Process internal { calcSub | calcOp(subtract) }
Process internal { calcRes | calcOp(equals) }
Process internal { calcC | calcOp(clear) }
Process internal { calcAC | calcOp(clearall) }

Theactual processingof test taker input isdoneby the special operators for the calcu-
lator engine (see section 4.4.6). The user interfaces created as part of the CBA Item-
Builder Project File’s content can be customized and adapted by item authors to the
needs of items and tasks by placing, adding, and omitting buttons.

6.5.2 Embedding Calculator using ExternalPageFrame

An example for an external calculator that can be embedded using the ExternalPage-
Frames (see section 3.14) is shown in Figure 6.24.8

Note that if logging of calculator actions is required, it can be implemented in
JavaScript using the API for trace events (see section 4.6.2).

6.6 ExternalPageFrameExamples

 

 

The functionality of the CBA ItemBuilder does not limit the possibilities for design-

8The source can be found at github in the repository https://github.com/DIPFtba/calculator

https://github.com/DIPFtba/calculator
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FIGURE 6.24:Example for ExternalPageFramewith calculator. (html|ib).

ing Technology-Enhanced Items. Instead, the CBA ItemBuilder can be understood as a
platform where recurring elements are made available as components for item au-
thors while new and innovative components provided by software developers can
be integrated using the ExternalPageFrames (see section 4.6.2). In this section, some
examples are shown to illustrate the possibilities. However, it is by nomeans a com-
plete overview.

6.6.1 Continous Sound using Buttons in ExternalPageFrame

TheCBA ItemBuilder can play audio files. But itmay not be able to repeat audio files
continuously, as is necessary for playingnotes on a (digital) instrument. Just because
such a function ismissing, the use of the CBA ItemBuidler does not have to be com-
pletely questioned. With the help of JavaScript and ExternalPageFrames extensions
can be easily programmed. Figure 6.25 illustrates how such a missing functionality
can be added using ExternalPageFrames.

In this project file, each of the three buttons is implemented separate ExternalPage-

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithCalculatorExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithCalculatorExample.zip
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FIGURE 6.25:Continous Audio Play with ExternalPageFrames (html|ib).

Frame to keep the syntax as minimal as possible. The respective HTML files contain
JavaScript code to play a wav file and a standard HTML button.

6.6.2 Alternative Editors as ExternalPageFrame

The CBA ItemBuilder does not natively support the input of mathematical formu-
las. The following example in Figure 6.26 illustrates the use of the mathlive library.
Mathlive provides a virtual keyboard that also allows formula input on touch devices.
The library can be included and used via an ExternalPageFrame component.

In the sameway as a specific editor formathematical input, a text editor can also be
included as an ExternalPageFrame, as shown in Figure 6.27.

Displaying thenumber ofwords alreadywritten (or thenumber ofwords remaining,
if specified) and, for example, detailed JavaScript-based logging of keystrokes is also
possible with an ExternalPageFrame, as illustrated in Figure 6.28.

6.6.3 Adding Speech Recognition using ExternalPageFrame

Speech recognition functions can also be embedded in ExternalPageFrames. A generic
variant that shouldwork inmany browsers and delivery options is illustrated in Fig-
ure 6.29.

Offline: The following item shows an offline capable speech recognition. For this,
a large language model must be loaded before spoken language can then be trans-
lated into characters without transferring the data to the server. For this example,
the model of one language is loaded, i.e. the speech recognition in the CBA Item-
Builder item in Figure 6.29 recognizes only German speech.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameButtonExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameButtonExample.zip
https://cortexjs.io/mathlive/
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FIGURE 6.26:Using math-field (fromMathlive) within ExternalPageFrames (html|ib).

 

 

FIGURE 6.27: CKEditorwithin ExternalPageFrames (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MathLiveExternalPageFrameExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/MathLiveExternalPageFrameExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameTextEntryExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameTextEntryExample.zip
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FIGURE 6.28: TextAreawithin ExternalPageFrames (html|ib).

 

 

FIGURE6.29:Browser-based SpeechRecognition using Vosk and ExternalPageFrames
(html|ib).

Online: As an alternative to client-side recognition, some browsers also provide ac-
cess to server-side speech recognition.The following example in Figure 6.30will only
work in the Chrome browser and requires an internet connection:

6.6.4 ShowingHTML5 Package (H5P) using ExternalPageFrame

Using the MIT licensed H5P standalone player it is possible to embed HTML5 Pack-
age (H5P) into CBA ItemBuilder projects as interactive content. The following ex-
ample shows how to display H5P content without using a web server inside the

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WordCounterExternalPageFrameExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WordCounterExternalPageFrameExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameVoskExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameVoskExample.zip
https://github.com/tunapanda/h5p-standalone
http://www.h5p.org
http://www.h5p.org
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FIGURE6.30:Server-based Speech Recognition using window.SpeechRecognition and
ExternalPageFrames (html|ib).

 

 

FIGURE 6.31: Reading Task using Server-based Speech Recognition and External-
PageFrames (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameLimitedBrowserSupportExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameLimitedBrowserSupportExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSpeechRecognitionChromeWithRecordding/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSpeechRecognitionChromeWithRecordding.zip
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CBA ItemBuilder using ExternalPageFrames (for more details, open ExternalPage-
FrameH5PIntegrationExample.zip in the CBA ItemBuilder):

 

 

FIGURE6.32:Example for the integrationofH5Pcontent in an ‘ExternalPageFrame‘.

Note: An integration of data storage and xAPI needs to be added.

6.6.5 Including GeoGebra Applets using ExternalPageFrame

Using ExternalPageFrames it is also possible to integrate other interactive content
such as GeoGebra applets into CBA ItemBuilder tasks (see figure 6.33, for more de-
tails, open ExternalPageFrameWithGeoGebra.zip in the CBA ItemBuilder).

6.6.6 IncluingQTI ItemContent using ExternalPageFrame

With the help of JavaScript (client-side) rendering of content in the IMS Question
& Test Interoperability (QTI) format, using, for instance the MIT licensed QTI.js li-
brary, QTI can be used within CBA ItemBuilder items (see Figure 6.349).

6.6.7 Including SurveyJS Questionnaires using ExternalPageFrame

The creation of long surveys with the CBA ItemBuilder is possible but can be more
complex than known from survey tools. An easy way to integrate surveys in all deliv-
erymodes supported by CBA ItemBuilder (online, offline) is offered by the SurveyJS
library.

9The example does not include data storage, that can be added, for instance, using postMessages to
send data to the CBA ItemBuilder trace data

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameH5PIntegrationExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameH5PIntegrationExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithGeoGebra.zip
https://www.imsglobal.org/question/index.html
https://www.imsglobal.org/question/index.html
https://github.com/QTIJS/QTI.JS
https://surveyjs.io/
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FIGURE 6.33: Integration of GeoGebra content in a ExternalPageFrame (html|ib).

As shown in the following screenshot (see Figure 6.36), the runtime environment of
SurveyJS can be inserted into the EmbeddedHTMLExplorer. The JSON configuration
of the survey can be stored in the file index.html, which is used as the Local page
address in the ExternalPageFrame. This file is part of the CBA ItemBuilder project
files and is available at runtime.

The JSON configuration can be assigned, for instance, to a JavaScript variable sur-
veyJSON:

var surveyJSON = <!-- COPY JSON OR JSON STRING HERE--> ;

function sendDataToServer(survey) {
postLogEvent("SurveyJS results changed to: " + JSON.stringify(survey.data));
postFsmEvent('EV_NextTask');

}

function doOnCurrentPageChanged(survey) {
postLogEvent("Page changed to: " + survey.currentPageNo);

}

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithGeoGebra/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithGeoGebra.zip
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FIGURE 6.34: Integration of QTI content using QTI.js and ExternalPageFrames
(html|ib).

function doOnValueChanged (sender, options) {
postLogEvent("Answer changed to: " + options.name + " ; " + JSON.stringify(options.value));

};

var survey = new Survey.Model(surveyJSON);
$("#surveyContainer").Survey({model: survey, onComplete: sendDataToServer});
$("#surveyContainer").Survey({model: survey, onCurrentPageChanged: doOnCurrentPageChanged});
$("#surveyContainer").Survey({model: survey, onValueChanged: doOnValueChanged});

Two further details of the integration are worth mentioning (see ExternalPage-
FrameWithSurveyJS.zip):

• In order that the administration of theCBA ItemBuilder tasks can be continued af-
ter the completion of the survey with the integrated SurveyJS, a function is bound
to the onComplete event of SurveyJS. In this function sendDataToServer the answers

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithQtiJS/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithQtiJS.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSurveyJS.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSurveyJS.zip
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FIGURE 6.35: Integration of Questionnaires using SurveyJS and ExternalPageFrames
(html|ib).

 

 

FIGURE 6.36: Screenshot of the Embedded HTML Explorer using SurveyJS conent.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSurveyJS/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/ExternalPageFrameWithSurveyJS.zip
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are passed as JSON String into the log data of the ItemBuilder delivery. After
storing the answers, an FSM-event is triggered in order to call, for instance, the
NEXT_TASK-command.

• In addition, the onCurrentPageChanged and onValueChanged events are also used by
SurveyJS. With their help, the collection of log events is possible that indicate the
loading of a page (onCurrentPageChanged), and that identifies a change in response.
These two pieces of information are necessary in order to extract response times
at item-level for detailed analyses (Kroehne and Goldhammer, 2018).

Note that a deeper integration of the data storage might be developed in future.

6.7 Adaptive Testingwith the CBA ItemBuilder

 

 

6.7.1 Adaptive TestingwithinCBA ItemBuilder Tasks

Simple forms of adaptivity, e.g. multi-stage tests with routing based on observed
scores, can be implemented directly in the CBA ItemBuilder. For this purpose,
within a task (i.e. also within a CBA ItemBuilder project) the selection of pages on
which items are displayed can be controlled, for example, via the finite state ma-
chine.

 

 

Adaptivity within CBA ItemBuilder tasks can be implemented using conditional
links and finite-state machines, but is limited to fixed branching or adaptivity
based on raw-scores.

Inspired by the number sequence test as used in theNational Cohort (see Schmiedek
et al., 2022), the item in Figure 6.37 illustrates a simplemulti-stage testwith 8 items.
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FIGURE 6.37:Example adaptive number series test (html|ib).

Each person should be shown only a selection of items. For this purpose, two items
are administered in afirst stage (A). Basedon thenumber of correct answers in stage
A (0 items correct –> B0, 1 item correct –> B1, 2 items correct –> B2), a suitable sec-
ond stage is then administered. The test is implemented with the CBA ItemBuilder
in such a way that it can be operated without keyboard exclusively with buttons,
which can be operated by mouse or touch screen. The routing is completely imple-
mented in the Finite State Machine, as is the scoring of the input.

The number series used here in the example do not correspond to the instrument
used in NAKO but are example number series as summarized in the following ta-
ble:10

Stage Item Number Series Corret Response

A 1 5, 6, 9, 14, 21, __ 30 (+1,+3,+5,+7,+9;The
series consists of a
pattern of addition of
consecutive odd
numbers.)

10Source: https://learnfrenzy.com/reasoning/logical-reasoning/number-series

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NumberSeriesExample/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/NumberSeriesExample.zip
https://learnfrenzy.com/reasoning/logical-reasoning/number-series
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Stage Item Number Series Corret Response

2 1, 3, 9, 27, __ , 243 81 (∗3, ∗3, ∗3, ∗3, ∗3;
Next number of this
series is multiplication of
3 with previous one. )

B1 3 1, 3, 6, 11, 18, __ 29 (+2,+3,+5,+7,+11; The
series consists of a
pattern of addition of
prime numbers.)

4 1, 2, 6, 15, 31, __ 56 (+12,+22,+32,+42;
The series is based on
addition of squares of
consecutive natural
numbers.)

B2 5 32, 19, 8, __ 1 (-13,-11,-7; The series
consists of a pattern of
subtraction of prime
numbers.)

6 225, 100, 36, 9, 1, __ 0 (−53,−43,−33,−23,
−13; The series is based
on subtraction of cubes
of consecutive natural
numbers.)

B3 7 1296, 648, 216, 108, __, 18,
6, 3

35 (/2, /3, /2, /3, /2, /3,
/2; The terms are divided
by 2 and 3 alternately.)

8 71, 55, 46, 42, __ 41 (−42,−32,−22,−12;
The series is based on
addition of squares of
consecutive natural
numbers.)

6.7.2 Adaptive Testing acrossCBA ItemBuilder Tasks

Adaptivity acrossCBA ItemBuilder tasksmust be supported by the deployment soft-
ware. The R package ShinyItemBuilder provides a simple example to implement an
adaptive test using CBA ItemBuilder tasks and R/Shiny (see 7.3.3).
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6.8 (More) Efficient use CBA ItemBuilder

 

 

TheCBA ItemBuilder is a complex tool for designing interactive assessment compo-
nents. The features described below and hints on how to use the CBA ItemBuilder
can help to work efficiently with this tool.

6.8.1 WindowManagement

Section 3.1 describes the user interface of the CBA ItemBuilder in the default con-
figuration (i.e., after a fresh installation). The arrangement of views in the three
columns of the CBA Item Builder’s user interface can be adjusted and configured
according to the user’s needs (and the available space on the screen). The video in-
cluded in the item in Figure 6.38 shows how to customize the user interface of the
CBA ItemBuilder.

 

 

FIGURE6.38: Item illustratingWindowManagement inCBA ItemBuilder (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WindowManagementVideo/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/WindowManagementVideo.zip
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6.8.2 Available Fonts and Font-List

Assessment content created with CBA ItemBuilder is used in a web browser at run-
time. Accordingly, only fonts available for display in thewebbrowser should be used.

Web Safe Fonts: Fonts that should be available in all browsers and result in similar
renderings are calledWeb Safe Fonts. The following fonts are typically considered to
be web safe:

• Arial (sans-serif)
• Verdana (sans-serif)
• Tahoma (sans-serif)
• Trebuchet MS (sans-serif)
• Times New Roman (serif)
• Georgia (serif)
• Garamond (serif)
• Courier New (monospace)
• Brush Script MT (cursive)

 

 

Remark:The behavior of the CBA ItemBuilder regarding fonts (still) described be-
lowwill change in the next version (10.0). CBA ItemBuilder will support web fonts,
that can be added to CBA ItemBuilder project files as ressources.

Font List: The CBA ItemBuilder uses the fonts registered on the system and there-
fore offers quite many fonts (e.g., in the editors for TextFields, HTMLTextFields and
in the Appearance tab of the Properties view).This (usually) long font list should be re-
duced to the fonts that are planned to be used (i.e.,Web Safe Fonts and similar fonts
across several items). Since the item contents created with the CBA ItemBuilder are
rendered in the browser, it must also be taken into account when selecting the fonts
that these must then be available on the target system.

 

 

If unique fonts (not web-safe fonts) are used, which are available on the computer
onwhich theCBA ItemBuilder is executed, then these fonts are also available in the
Preview. This does not mean, however, that the fonts can be displayed identically
in operational assessments (because this requires the fonts to be available on the
device on which the items are answered).

To reduce the list of fonts available in the CBA ItemBuilder to design items, the list
of CBA Item Fonts can be configured (see Figure 6.39) in the section CBA Item Fonts in
the Preferences (menu Utilities > Preference).
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FIGURE 6.39: ’CBA Item Fonts’ setting of the CBA ItemBuilder.

To adjust the list first remove the selection in this list using the Deselect All button
and then select the fonts you want to use by clicking on them. You can also export
(Export Font Selection) and import (Import Font Selection) fonts if you want to use
different fonts for different projects or assessments.

6.8.3 Color Codes

The same selection dialog is always used to define color in different editors of the
CBA ItemBuilder. Colors can be chosen froma selection of example colors or defined
precisely in different formats (HSV, HSL, RGB, and CMYK, see Figure 6.40).

SaveSelectedColors: To avoid entering identical color valuesmultiple times, the di-
alog shown in Figure 6.40 also allows to Add a color to the user-defined buttons of
Recent colors.

 

 

FIGURE6.40:Color selector (Choose Color) of the CBA ItemBuilder allows storing Re-
cent-colors.

Colors in the Properties View: The CBA ItemBuilder uses a color representation in
the tab Core of the Properties view as decimal numbers (e.g., white is represented by
DEC -1, corresponding to hex #FFFFFF, black is represented by DEC -16777216, cor-
responding to hex #000000). The item shown in Figure 6.41 contains via an External-
PageFrame anexample of JavaScript functions to convert thedecimal colors of theCBA
ItemBuilder into other formats.
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FIGURE6.41: Item for Color Conversion of CBA ItemBuilder’s internal Color Repre-
sentation (html|ib).

6.8.4 ErrorMessages

When using the CBA ItemBuilder, especially when calling the Preview and saving
Project Files, errormessages are displayed if the created assessment content is incon-
sistent.While thismight be confusingwhen using the CBA ItemBuilder for the first
time, the error messages typically give precise information on where to find the in-
consistency.The item shown in Figure 6.42 allows searching for error messages and
provides additional tips on fixing the issues.

 

 

FIGURE 6.42:CBA ItemBuilder Error Messages (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CBAItemBuilderColorConverterHelper/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CBAItemBuilderColorConverterHelper.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CBAItemBuilderErrorMessages/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/CBAItemBuilderErrorMessages.zip
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6.8.5 Hints for Designing Interactive Items

 

 

Remark:Thebehavior of theCBA ItemBuilder regarding the implementationof the
𝑧-order (still) described below will change in the next version (10.0).

The CBA ItemBuilder gives item authors a wide range of freedom in designing as-
sessment components. Some hints are compiled below to ensure that the resulting
items work well (and look good, if possible).

Visual Overlapping Components: The CBA ItemBuilder allows to place elements
freely using X and Y coordinates within containers (i.e., Frames, Panels etc., see Page
Editor in section 3.1.3), and each component has a size defined as Width and Height.
The item authors’ responsibility is to ensure that the components created and de-
signed in the Page Editor are displayed appropriately (i.e., in a meaningful order).

 

 

Overlapping Components should be avoided if possible as they can affect the behav-
ior of itemswhen foreground elements prevent the processing of events, links and
commands. The CBA ItemBuilder uses a fixed Z-Order that takes into account the
nesting (i.e., containerswith child elements) and the type of components (grouped
into layers). Only within these layer the Z-Order corresponds to the order compo-
nents are generated and listed in the Component Edit view.

Z-Order: If multiple components are defined on a page, they are displayed in a spe-
cific order. This order can be called the Z-Order (i.e., besides X and Y for horizontal
and vertical placement, the Z-Order defines the order concerning a third dimension,
Z). In most use cases, item authors do not need to worry about the Z-Order any fur-
ther since it essentially follows from the container principle (see section 2.11.4): The
elements within a container (child elements) are always rendered on top of the con-
tainers itself (parent elements).TheCBAItemBuilder automatically applies this rule,
together with an additional grouping of components within containers into mean-
ingful layers.

The layers group components within containers by component type. Only for com-
ponents in the same layer the order inwhich components are listed in theComponent
Edit view (i.e., the order in which components are created).11

FunctioningAffected byOverlapping Components: Although the CBA ItemBuilder
approach of avoiding user-defined Z-Orders by applying heuristics based on layers
was proven to be useful over the last years, item authors should be aware of the issue
that overlapping components can result in a particular functioning. If, for instance,

11Note that in the current version of the CBA ItemBuilder, changing the order of components is only
possible by creating the components in the required order.
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an HTMLTextField is placed so that it entirely or partially covers a Button (see Figure
6.43 for an example), the functioning of the Button might result in unexpected be-
havior. The same is true for various other components. If something overlaps with
SingleLineInputFields, it can become difficult or even impossible to enter any text
into the SingleLineInputField. Therefore, when designing assessment components,
ensure that the components do not overlap or only overlap sensibly.

The difference between the Visual Z-Order and the Interactions Z-Order can be seen in
Figure 6.43.

 

 

FIGURE 6.43: Item illustrating overlapping components in CBA ItemBuilder
(html|ib).

The left side in Figure 6.43 shows a screenshot of the design time from the Page
Editor. HTMLTextField 1 is shown below the button, overlaid by HTMLTextField 2. In
the Preview and at Runtime, as shown on the right, the CBA ItemBuilder follows this
structure regarding the filled background (white color) and the border (red color).
But note that the text in HTMLTextField 1 is displayed above the Button. An identical
rendering is also created by the CBA ItemBuilder for HTMLTextField 3, i.e. similarly
the text overlays the SingleLineInputField, although the filled white background and
the red border are rendered behind the SingleLineInputField.

Exploring the behavior (i.e. the InteractionsZ-Order) in the item shown in Figure 6.43,
we see that not only the text HTMLTextField 1 and HTMLTextField 3 overlay the underly-
ing components Button and SingleLineInputField. Also, due to the overlapping of the
components, the connected events are forwarded to Button and SingleLineInputField
only at the points where no HTMLTextField is defined.

Scrollbars: When collecting diagnostic information (i.e., when assessment content
is created with the CBA ItemBuilder), the necessity to scroll should be used as con-
trolled as possible. Following this principle, assessment content created with the
CBA ItemBuilder is designed for screen sizes (i.e., for an aspect ratio) called CBA
Presentation Size (see section 3.2.2).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/OverlappingComponentsIllustration/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/OverlappingComponentsIllustration.zip
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Scrollbarswill automatically appearwhen pages are larger (inwidth and height) than
the available space.12 The available space for simple pages (i.e., pages at the high-
est hierarchy level) is identical to the CBA Presentation Size, minus the space of an
optionally configured X-Page (see section 3.4.2). Similarly, pages within PageAreas
(see section 3.5.4) or TreeViewArea (see section 3.9.9) andWebChild Pageswithin aWe-
bChildArea (see section 3.13.2) are always displayed with scrollbars if the width or
height of the embedded exceeds the width or height of the corresponding area.

 

 

If unintended scrollbars appear in the preview, it is suggested to remove them by
making sure that no page is larger than the available space. The size of a page is
defined as the Widht and Height properties of the Frame.

Un-proportional Scaling of Images and Videos: Images and videos added as re-
sources to CBA ItemBuilder projects have a native resolution, i.e., a size defined in
pixels (height andwidth). For optimal display, images and videos should be added to
CBA ItemBuilder items in the size they will be displayed by the corresponding com-
ponent (see section X).The Page Editor allows resizing components to display image
and video resources.

 

 

Avoid scaling images non-proportionally (i.e., changing width and height inde-
pendently of each other and not maintaining the aspect ratio)!

If images or videos are larger than theywill be usedduringdisplay, the resourceswill
be unnecessarily large andmay produce load times that could be avoided by scaling
the resources before insertion. If images or videos are smaller than the area used for
display, they are scaled up andmay only be visibly blurred.

Standardize Page Layout Across Pages: Test takers typically see many individual
pages during the processing of assessments created with the CBA ItemBuilder. It is
recommended to standardize spacing, font, font size, formatting (font color, bold,
italics), etc., as much as possible to ensure a consistent appearance for the test tak-
ers.

6.8.6 Export and import Pages

In order touse once-designedpagesmultiple timeswhendesigningmultiple assess-
ment components with the CBA ItemBuilder, multiple tasks can be defined within
one project file (see Task Editor in section 3.1.4 and tips on the division of content to

12The size of pages is defined using the Widht and Height properties of the Frame
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tasks in section 3.6.3).This approach is recommended if feasible, as it eliminates the
need to make copies of pages.

 

 

Using CBA ItemBuilder project files with multiple tasks is recommended to avoid
duplicating pages.

If there are already designed and tested CBA ItemBuilder assessment components
that already contain the required functionality, it can also be efficient to use them as
templates. The CBA ItemBuilder provides the Save As feature, and the project name
can be changed using theRenameProject function (see section 3.2.1). If this approach
is chosen, potential changes that are made to the source file afterward must also be
applied to the copy.

Export Page: If instead of an entire project file only a single page is to be moved or
copied from one project to another, CBA ItemBuilder provides the option to export
pages in the context menu (right-click on the project name) of the Project Tree (see
Figure 6.44).

 

 

FIGURE 6.44:Context Menu in the Project Tree.

One page at a time can be exported and saved as a ZIP archive.

Import Page: Using the similar function Import Page, pages can be inserted into an-
other CBA ItemBuilder Project File.

6.8.7 Workingwith Page-Templates

If pages are exported via the Export Pages function as in the past section 6.8.6, they
are available as ZIP archives in the file system and can be copied, moved, and (for
instance) sent as files or uploaded to versioning systems (see section 8.3.2).
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If pages are to be used as templates on a computer (i.e., within one instance of the
CBA ItemBuilder), the CBA ItemBuilder additionally provides the template func-
tionality.

Save Page as Template:Using the context menu (right-click on the project name) of
the Project Tree (see Figure 6.44, pages can also be stored as Template. Templates need
a unique name (see Figure 6.45) and are stored inside of the CBA ItemBuilder.

 

 

FIGURE 6.45:Dialog to specify the name of a Template.

CreatePage fromTemplate:Pages saved as templates can thenbeused to createnew
pages within a CBA ItemBuilder Project File.The toolbar contains the icon

 

 

for this
purpose, and the function is also accessible via the context menu in the Project View.

Template Browser: Selecting and managing page templates is done in the Template
Browser (see Figure 6.46). After entering a name for the new page to be created, a
template can be used with Create Page. If Skip Preview is not selected, then the view
from the Page Editor is displayed in the Template Preview area. Figure 6.46 shows that
templates (analogous to pages) can also be exported or imported.TheDelete Template
button can be used to delete a template from the CBA ItemBuilder instance.

 

 

FIGURE 6.46:Dialog to specify the name of a Template.

Whenpages are created fromtemplates, they canbe flaggedwith theXPageandStan-
dardPage tags.

6.8.8 How to run twoCBA ItemBuilder Simultanously

TheCBA ItemBuilder is an application that can be started only once per installation.
The underlying reason is that each CBA ItemBuilder installation (also referred to as



6.8 (More) Efficient use CBA ItemBuilder 417

instance in the following) has its dedicatedworkspace inwhich the contents of aCBA
ItemBuilder Project File are unpacked during processing.

At the same time, when creating many (as uniform as possible) assessment com-
ponents with CBA ItemBuilder, it can be helpful to have a Project File open to view
implementations there while working on another project file in a second CBA Item-
Builder (see Figure 6.47 for an example).

 

 

Installing multiple instances of the CBA ItemBuilder is required to run multiple
CBA ItemBuilders in parallel.

Multiple Instances:The CBA ItemBuilder can be installedmultiple times to run sev-
eral instances in parallel. Each installationmust have its own directory. In addition,
a so-called port (i.e., a dedicated connection address on the computer onwhich CBA
ItemBuilder is installed) must be different for each instance. Therefore, after in-
stalling a second CBA ItemBuilder or copying the entire program directory, a port
configurationmust be changed for one of the instances to be operated in parallel.

 

 

FIGURE 6.47:Example screen shot running two CBA ItemBuilder in parallel.

The following steps are necessary to manually enable the use of two instances of the
CBA ItemBuilder:

1. Install the CBA ItemBuilder (if not yet done, as described in section 1.1).

2. Locate the program directory. By default this should be
‘C:/users/{UserName}/AppData/Local/CBA-IB-{Version}´

3. Duplicate the sub-directory IB (i.e., create a copy of the directory IB and
rename it to IB2).

4. Find the file cba-itembuilder.ini in the duplicated folder (IB2) and open it
with a text editor (e.g., notepad).

5. Change the number that is assigned to the Djetty.port to a higher and
different value, e.g.:
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-Djetty.port=7072

6. Save the file cba-itembuilder.ini and close the editor.

7. Create a new shortcut in Windows Explorer to the file cba-
itembuilder.exe in the directory IB2. Starting this application from
the copied directory should now be possible in parallel to the application
from the directory IB.

Make sure you never open an identical CBA ItemBuilder Project File in two instances
in parallel.The clipboard (see section 3.7.2) cannotwork between different instances
of CBA ItemBuilder, i.e., if something is copied in one instance, it cannot be pasted
in another instance. To transfer content from one instance to another, the function
to export and import pages is available (see section 6.8.6). Alternatively, to transfer
content within an instance, the template function can be used (see section 6.8.7).

6.9 Creating Assessments inMultiple Languages

 

 

The current CBA ItemBuilder supports assessment content in one language at a
time. If assessment components are required in multiple languages, they can be
translated with the CBA ItemBuilder as an authoring tool and saved in another CBA
ItemBuilder Project File. In addition to the manual translation of all texts directly
within the Page Editor, CBA ItemBuilder also supports a translation workflow based
on the XLIFF format. Several details should be considered when designing items
and implementing workflows to use this functionality efficiently. Use the contact
options (see section 1.2) to learn more about XLIFF support.



7
Test Assembly andDeployment

 

 

After the previous chapters focused on the creation of individual item projects
(i.e. CBA ItemBuilder project files together with one or multiple tasks as the entry
points), this chapter is about the use of these item projects for operational test ad-
ministration and data collection.

 

 

It is not possible to perform or administer an assessment with the CBA Item-
Builder alone. A particular delivery software is always required, and various soft-
ware tools can be used to integrate CBA ItemBuilder items. Moreover, identical
CBA ItemBuilder items can be administered with different tools in different con-
ditions (for instance, offline and online).

7.1 Quick-Start: Assessments using R (and Shiny)

 

 

419
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To follow this quick-start tutorial, download and install R and, for instance, R-
Studio.1 After this installation open R and install the packages: shiny, remotes, knitr
and ShinyItemBuilder:

install.packages("shiny")
install.packages("remotes")
install.packages("knitr")
remotes::install_github("kroehne/ShinyItemBuilder", build_vignettes = TRUE)

When both packages are installed, the CBA ItemBuilder projects are required. The
project files are expected in the folder provided as argument to the function call get-
Pool(). Additional arguments are possible to define the order if taskswithin the item
pool (by default, all files and tasks are included, ordered by name).

In the following example, we use the function getDemoPool("demo01")to illustrate the
use of the package with example items:

# app.R

library(shiny)
library(ShinyItemBuilder)

# demo items
item_pool <- getDemoPool("demo01")

# your items woudl be loaded via
# item_pool <- getPool(path="PATH-TO-YOUR-IB-PROJECTS")

assessment_config <- getConfig()

shinyApp(assessmentOutput(pool = item_pool,
config = assessment_config,
overwrite=T),

renderAssessment)

The assessment is started by executing the complete file app.R.

The items can be answered in a browser using the URL either started automatically
or displayedbyR / Shiny (e.g., http://127.0.0.1:PORT)2.More configurations arepos-
sible (see section 7.3). If you have an account for shinyapps.io, the assessment can

1Alternatively, Visual Studio Code could be used.
2PORT is the port assigned by shiny and shown in the R console window as follows: Listening on

http://127.0.0.1:4723. In this example, 4723 is the PORT.

https://www.r-project.org/
https://posit.co/downloads/
https://posit.co/downloads/
http://127.0.0.1:PORT
https://www.shinyapps.io/
https://code.visualstudio.com/docs/languages/r
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be published directly from RStudio and used for data collections online (see section
7.3 for details).3

7.2 (Technical) Terminology and Concepts

 

 

Finding an appropriate test delivery software requires some technical considera-
tions. Before describing the available tools, this section briefly describes some im-
portant technical terms and concepts.

7.2.1 DeploymentMode (Online, Offline, Cached andMobile)

All assessments createdwith the CBA ItemBuilder require aweb browser or browser
component for rendering the generated HTML / JavaScript content. Web browsers
are available on various devices, including desktop and mobile computers, cell
phones, televisions, and game consoles. CBA ItemBuilder items canbeused oneway
or the other on various platforms with built-in modern web browsers.

 

 

Computer-based or digitally-based assessments can be used in various ways for
data collection and empirical research. Before selecting the appropriate software,
it is therefore helpful to clarify the different deployment modes.

OnlineDeployment:The assessment is conducted in a supportedweb browser, con-
stantly connected to the internet, and data are stored on a web server. Accordingly,
some technology is required for hosting the assessment.The required hosting tech-
nology depends on the deployment software, including, for instance, R/Shiny (see
sections 7.1 and 7.3) or PHP-based web hosting or cloud technologies (e.g., using

3Note:The number of parallel test takers that can use the online assessment simultaneously depends
on the hosting of the Shiny application.
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TAO, see section 7.4), or any server-side technology (e.g., dotnet core used either
directly or containerized for the software described in section 7.5).

Offline Deployment: The same software components as for the online deployment
(i.e., the assessment is conducted in a web browser, together with a server compo-
nent), but the server- and browser components run on the samedevice. Accordingly,
items anddata are stored only locally, and an internet connection is neither required
to prepare nor run the assessment. Data are collected by copying the data from the
local devices or by collecting the devices (e.g., thumb drives).

Cached Deployment: The assessment is conducted in a web browser connected to
the internet while the assessment is prepared, but no (reliable) network connection
is required during the assessment. Hence, data are stored locally, and after the as-
sessment is finished, data are collected either online or by copying the data from
local devices.

Mobile Deployment: Mobile deployment is a specific offline or cached assessment
conducted on a mobile device. Since mobile devices are used, either a native app or
aprogressivewebapp is used (insteadof a server), and test execution is possible even
if there is no reliable internet connection (i.e., it is a cached deployment on mobile
devices).When internet connectivity is available, data can be stored simultaneously
online or transferred when connectivity is available.

Mobile deployment is specific in different ways. Firstly, no direct file access is typi-
cally possible onmobile devices (instead, data are transferred via the internet). Sec-
ondly, an app can stay accessible after installation, allowing the implementation of
prompts or notifications that are either offline or triggered via so-called push noti-
fications can try to attract the test-taker’s attention.Third, mobile devices are often
equippedwith additional sensors that can contribute to the collecteddata (andpara-
data) if incorporated by the app.

7.2.2 Browser Requirements and Availability of (Embedded) Content

Since assessments created with the CBA ItemBuilder are always displayed in a web
browser or a browser component4, Cross-Browser Compatibility and Browser Require-
ments need to be considered.

Browser Requirements: Not all browsers support all features, adhere to the usual
standards, show HTML, and similarly interpret JavaScript content. A typical ap-
proach is, therefore, to test the prepared assessment content in different browsers
and then, if necessary, restrict the assessment to specific browser versions.

For rendering the CBA ItemBuilder generated content, the React framework is used

4This is true even if specific browsers (such as the Safe ExamBrowser) are used or if CBA ItemBuilder
content is integrated with the TaskPlayer API in mobile applications (so-called hybrid apps) or in desktop
applications (e.g., using Electron)

https://reactjs.org/
https://safeexambrowser.org/download_de.html
https://www.electronjs.org
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internally in the current versions.5 React is supported by modern browsers, and so-
called polyfills could be added for older browser versions.6However, the deployment
software used to combine CBA ItemBuilder tasks to tests might add additional re-
quirements to be available to run assessments successfully.DIPF/TBAprovides tools
for online assessment (e.g., IRTlib, see section 7.5) that require a web browser that
supportsWebAssemblies. Using the TaskPlayer API, additional deployment software
can be implemented with other server technology and for all browsers or browser-
components supporting React.

Besides the deployment software, special attention regarding browser support is
also required for content that is integrated into CBA ItemBuilder items via Exter-
nalPageFrames (see section 3.14).These extensions, created by JavaScript / HTMLpro-
grammers, are integrated into items using so-called iframes andmust be checked to
ensure that they function correctly in all browsers used for an assessment.

 

 

Limitations of the browsers that canbeused for anassessment canbedue todiffer-
ent languages (e.g., the CBA ItemBuilder runtime, the deployment software used,
and the content included as an ExternalPageFrame).

Limitations, for example in playing videos, can also be caused by configurations of
the web server (e.g. the configuration to support range HTTP requests).

Cross-Browser Compatibility: If the browsers used in online deliveries cannot be
controlled and standardized, it is recommended to test the assessments in advance
in different browsers. OnWindows computers, the display and functioning of CBA
ItemBuilder items in locally installed browsers can also be tested by using the regu-
lar Preview and copying the preview URL (see section 8.4.1). To check cross-browser
comparability of CBA ItemBuilder deployments (see section 8.4.1), an online deploy-
ment must be prepared first (for instance, using the R/Shiny example described in
section 7.1).

A very efficient approach to testing the compatibility of assessments in different
browsers is to use third-party vendors that provide web-based access to different
browser versions on different devices (cloudweb andmobile testing platforms, such
as BrowserStack, or similar services).

Availability of (Embedded) Content: Content embedded Using ExternalPageFrame
must not only be working in the browser that are expected to be used for an assess-
ment.The embeddedmaterialmust also be available during the assessment.Theuse
of Local resources is required for offline deployment.Moreover, network connection
must be stable and provide enough bandwidth for resources included as External re-
sources (see section 3.14 for the configuration of components of type ExternalPage-
Frame).

5This is true for all CBA ItemBuilder versions starting with 9.0, see Appendix B.5 for details.
6See, for instance, https://create-react-app.dev/docs/supported-browsers-features/.

https://reactjs.org/
https://www.browserstack.com/
https://create-react-app.dev/docs/supported-browsers-features/
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Special attention is required when multiple assessments share the same internet
connection, For instance, it must be possible to load large audio and video files fast
enough, even if, for example in a class context, all test-takers share a network ac-
cess. Factors that influence the bandwidth are besides the storage of data (upload of
log data, result data and data for recovery, see section 7.2.9) especially the download
ofmedia files (images, videos, audiofiles) that have to be transferred from the server
to the client.The underlying Taskplayer API (see section 7.7) providesmethods to im-
plement the pre-loading of media files.

7.2.3 Fullscreen-Mode / Kiosk-Mode

Test security (see section 2.10) can translate intodifferent requirements, particularly
for high-stakes assessments. To standardize assessments, the assessment content
should fill the entire screen if possible. Depending on the deployment method, this
goal can only be approximated (although not guaranteed in certain browsers or on
mobile devices) using Fullscreen-Mode.

Fullscreen-Mode: Inonline assessments, a full-screendisplayof assessment content
can be possible in (regular) browsers on computers with desktop operating systems
(Windows, Linux, macOS), and Fullscreen-Modemust be initiated typically by a user
interactions. However, since test-takers can exit full screen mode at any time, the
assessment software might hide at least the item content when full screen mode is
exited.

Mandatory Fullscreen: For assessments on desktop computers, a requirement can
be to ensure that the assessment is only displayed if the browser is in full-screen
mode. Since evenbrowser-based assessment software can, to someextent, diagnose
that the current view is part of a full-screen presentation, assessment software can
make the full-screen presentation mandatory. If a test-taker exits the full-screen
presentation, different actions can be considered: Access-related paradata (i.e., a
particular log event) can be created, a test administrator can be informed using, for
instance, a dashboard (see section 7.2.4), or the assessment content could be faded-
out, advising test-takers to return to the full-screen presentation before an assess-
ment can be continued.

Kiosk-Mode: In offline deployments (or if a pre-defined browser is provided for on-
line deployments), a so-calledKiosk-Mode prevents users (i.e., test-takers) from exit-
ing the full-screen presentation of assessment content. Various browsers and add-
on’s offer Kiosk-Mode for different operating systems. For instance, the offline player
provided as part of the IRTlib-software (see section 7.5) provides a Kisok-Mode for
Windows.

A free software solution for establishing test security on computers with Windows,
macOSand iOSoperating systems,which is used in a variety of application contexts,
is the Safe Exam Browser (SEB). Since SEB is a (standard) HTML browser, which
hasonly been supplementedwith additional components and configurations for test

https://safeexambrowser.org/
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security, this software can be combined in various ways with the CBA ItemBuilder
deliveries.

7.2.4 Interviewer-Menu, (Live) Dashboard and (Remote) Proctoring

While a test-taker answers items in a browser, various test administrator observa-
tions or interactions (on-site or remotely) may be possible.

Interviewer-Menu: The simplest form, which is also possible for offline deliveries,
is an interviewermenu (meaning an interviewer or test administrator can change or
configure the course of an assessment on the test-taker’s device). Interviewermenus
are typically protected by a password or a hidden keyboard shortcut, so only test ad-
ministrators can access the features prepared for administrative purposes. Typical
functions include the possibility to skip a single task or item, to pause or end an as-
sessment or to jump to a particular section of the assessment.

(Live)Dashboards: If the assessment takes place on a computer that is accessible via
network (locally or on the internet), control by interviewers or test administrators
can also be realized via a Dashboard. Unlike an interviewer menu, the functions for
monitoring or controlling an assessment using a dashboard are available on a differ-
ent device than the device on which a test-taker is working on tasks or items. Dash-
boards can be used for various purposes, for instance, to implement supervised on-
line testing, where an interviewer is informed about the progress of the test-taking
and can, for example, give further instructions or answer questions via telephone,
text, or video chat.

(Remote) Proctoring: Remote proctoring is a particular form of a dashboard in
which additional information from a webcam or microphone can be displayed or
automatically evaluated. Dashboard and remote proctoring can be (partially) auto-
mated using artificial intelligence techniques, and different types of play (related to
privacy and informed consent) are possible.

7.2.5 Input and PointingDevice

Special considerations are required regarding the input devices used for point-and-
click and text responses.

Touchscreen vs. Mouse-Click: Assessments on touchscreens (i.e., using touch-
sensitive displays) require additional thoughts for at least two other reasons. First, it
is inherent in touch operations that the place where the touch gesture is performed
(using either a finger or a specific stylus) is not visiblewhen thefinger covers parts of
the screen.Hence, if a small area needs to be clicked precisely, this propertymust be
considered when designing the interactive item. Second, web browsers might treat
touch events differently from click events. In particular, for content embedded as
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ExternalPageFrame, it is necessary to ensure that touch and click events are treated
by the JavaScript / HTML5 content in all browsers as expected.

Touch devicesmight also, by default, use additional gestures, including pinch zoom
gestures and, for Windows operating systems, the so-called charms bar (activated
using a touch gesture over the edge of the screen).

Touchpad vs. Mouse-Click: If notebooks with touchpads are used, an external
mouse might be considered for standardization purposes (i.e., to make sure that
test-taker can answer the assessment regardless of their familiarity with touch-
pads), and touchpads might be deactivated to avoid distraction when typing and
clicking is required.

(Onscreen) Keyboard and Text Entry: Text and numeric entries in assessments are
usually recorded using a built-in or connected keyboard. Text inputmight automat-
ically trigger an on-screen keyboard for devices with a touch screen. The operating
system automatically displays the on-screen keyboard and then reduces the space
available on the screen for the item content. In addition, the on-screen keyboard
might allow the test-taker to exit Kiosk-Mode.

Careful usability testing (and if aKiosk-Mode is planned, robustness checks regarding
test security) are necessary, particularly on touch devices.

7.2.6 Authentification / AccountManagement

Regardless of the specific software used for test delivery, the following terms are rel-
evant to web-based assessments.

Session: An essential concept for online assessments is the so-called session. Even if
data collection takes place entirely anonymously (i.e., without access restrictions),
all data belonging to one person should ideally result in one data record. Accord-
ingly, the session is the unit that bundles the data that can be jointly assigned to
one (potential) test-taker. With the help of client-side storage (i.e., session storage,
cookies, or local storage), the ID of a session, which is usually created randomly,
can be stored so that the data for an assessment, if interrupted and continued from
the same test-taker, can be matched. Sessions IDs can be stored within a particu-
lar browser on a computer if the client-side storage is activated and the test-taker
agrees to store client-side information.

Log-in/Password vs. Token: Authentication for online assessments can use Log-in
and Password (i.e., two separate components) or a one-time Token (i.e., only one com-
ponent). Often, there is no reason to arbitrarily separate log-in and password if the
identifier is created as pseudonymonly for a particular data collection. A distinction
can bemadewith regard to the question of whether the assessment platform checks
the validity of the identifier (access restriction) or if the identifier is only stored.

Protection of Multiple Tabs/Sessions: Finally, when a particular authentication is
implemented, it must be considered that the log-in can potentially occur multiple
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times and in parallel. The delivery software might ensure that an assessment with
one access (e.g., log-in/password or token) cannot be simultaneously answered and
accessedmore than once.

7.2.7 Task-Flow and Test Assembly

As described in section 2.7 items (i.e., in case of CBA ItemBuilder assessmentsTasks)
can be combined in different ways to assessments. Using the CBA ItemBuilder, the
assembly of individual assessment components into tests is part of the test deploy-
ment software. An assessment component is any component that can be meaning-
fully used as component, including a log-in page, cover pages, instructionpages, the
actual items or units, and exit or closing pages shown to test-takers.

Linear Sequence: The most common arrangement of assessment components is a
Linear Sequence. CBA ItemBuilder Tasks can create a sequence that might contain
items, prompts, feedback pages and dialog pages. As long as the same sequence is
used for all test taker, all deployment software can be used that support linear se-
quences.

Booklets: If different sequences or combinations of CBA ItemBuilder Tasks are used
(ofwhich each target personworks on exactly one), the procedure corresponds to so-
called Booklets (or test rotations). Depending on the study design, the assignment
of a test taker to a particular booklet or rotation is either done in advance (usually
assigned to log-ins or tokens, see 7.2.6), or the assignment is done on-the-fly when
a session is started.

Skip Rules: The deployment software for CBA ItemBuilder assessments is also re-
sponsible for omitting or skipping Tasks depending on previous responses. This
functionality is only required for the test deployment software, if the skip rule can
not be implemented within CBA ItemBuilder Tasks (using, for instance, multiple
pages and either conditional links or the CBA ItemBuilder task’s finite-state ma-
chine).

Multi-Stage Tests and Adaptive Testing: The more complex and elaborate the cal-
culations become, which are required for the selection of questions (or pages in a
CBA ItemBuilder task), and the more items in total are available, the more compli-
cated the implementation within a (single) CBA ItemBuilder task becomes. Accord-
ingly, special delivery software is required to implement complex multi-stage tests
and item- or unit-based, uni- or multidimensional adaptive tests using CBA Item-
Builder items (see section 7.5).



428 7 Test Assembly andDeployment

7.2.8 Time Limits across Tasks

Analogous to a sequencing of assessment content across individual parts (such as
Tasks in the case of CBA ItemBuilder created assessments), the time restriction
across tasks can be provided by a deployment software.

TimeMeasurement:Therequirementof a time limit across tasks typically exists only
for the actual items of a (cognitive) test, while before and possibly after the time-
restricted part further content, for instance, with instruction pages and a farewell
page are administered.Moreover, if a time limit across tasks is used, one ormultiple
additional pages are often shown, when the timeout occurred.

RemainingTime: When theminimal time to solve a particular item is known or can
be approximated, the deployment software might apply the time limit already at
a Task-switch (i.e., when in CBA ItemBuilder based assessments a new task is re-
quested based on a NEXT_TASK-command, see section 3.12.2), if the remaining time
(i.e., the time before the time limit will occur) is below the expected minimal time
that would be required to work on the (requested) next task.

Result-Data (Post-)Processing and Timeouts: Time limits not only affect the pre-
sentation of items, meaning that within a particular section of the assessment no
more items (i.e., Tasks within CBA ItemBuilder project files) are presented, when a
timeout occurred. Time limits also affect the (missing) coding of the responses in
the current task and in all subsequently tasks, not presented because of a timeout.

First, it is important to note, that the deployment software requests the ItemScore
(see section 7.7) for the current item (i.e., Task within an CBA ItemBuilder project
file) when a timeout occurs. Second, within this task, variables (i.e., classes) can be
coded asNot Reached (NR), if the corresponding questions were not yet presented in
a Taskwithmultiple pages. Hence, the differentiation betweenNot Reached (NR) and
OmittedResponses (OR) for Taskswithmultiple partsmust be included in the (regular)
CBA ItemBuilder scoring (see section 5.3.11).

For assessment components not presented because of a timeout (or because an in-
terviewer aborted the test, see section 7.2.4), no ItemScorewill be available, because it
is computed only when a Task is exited. Hence, the deployment software is required
to determine the remaining tasks thatwould have been presentedwithout the inter-
ruption and assign the appropriate missing code, either Not Reached (NR) in case of
a timeout orMissing due to Abortion if an interviewer aborted the assessment.

7.2.9 Date Storage and Test-Resume

Regardless of the deployment software, there are some data types that arise in all
CBA ItemBuilder-based data collections.These are briefly described in this section.

ItemScore (Result Data): When exiting CBA ItemBuilder items by a task-related
command (see section 3.12.1) or by an external navigation request of the delivery
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environment (timeout or test abort), the defined scoring rules (see section 5.3) are
evaluated. In the current version of the CBA ItemBuilder (i.e., for the REACT gen-
erator), the ItemScores are provided by the runtime as JSON data and collected by the
delivery platform.

Traces (Log Data): In addition to the ItemScore data, trace data are provided auto-
matically by the CBA ItemBuilder runtime. The data are provided as individual log
events and can be collected by the deployment software or even be analyzed already
instantly during the assessment.

Snapshot: In addition to the two data collected for further empirical analyses, snap-
shots of all internal states that represent the tasks are provided by the runtime so
that even in case of interruptions, the possibly complex CBA ItemBuilder tasks can
be continued at the last processing state.

Assessment content that is embedded into CBA ItemBuilder items using External-
PageFrames can use the Snapshot of the CBA ItemBuilder Runtime to implement per-
sistence of content across page changes (see section 4.6.5).

7.3 Using CBA ItemBuilder Itemswith R (Shiny Package)

 

 

 

 

TheR package ShinyItemBuilder allows using CBA ItemBuilder items in web-based
applications created with R/Shiny. This allows local administration of tests (from
RStudio) and online adminsitration using, for instance, www.shinyapps.io (or
hosting shinyproxy).

The use of R/Shiny for assessments is advantageous for two main reasons: It com-
bines the data collection (seemingly) with the (psychometric) use of gathered re-
sponses data and collected log events.Moreover, since an easy-to-use infrastructure
for Shiny applications exists, it enables a swift approach to run online assessments

https://github.com/kroehne/ShinyItemBuilder
https://shiny.rstudio.com/
https://www.rstudio.com//
https://www.shinyapps.io/
https://shinyproxy.io/
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without setting up a dedicated hosting environment. Although this hosting might
be less performant than hosting using more standard web technologies, item au-
thors can use R-functions to customize the test assembly (e.g., for multi-stage and
adaptive testing).

Concerning the different modes of test deployment (see section 7.2.1, R/Shiny can
be used for stand-alone deployment either locally, or online.

• Local:Theassessment is starteddirectly fromR locally, and test-taker answer items
in a browser on the same computer.7

• Online: The assessment is hosted using R / Shiny on a server (e.g., using
www.shinyapps.io), and test-takers answer the items in a browser, either on a
desktop device or even on amobile device.

Note that even if an online deployment should be created using the R package
ShinyItemBuilder, the preparation is done locally in R. After completing the prepa-
ration, the Shiny app is deployed to the online server.

7.3.1 Use of CBA ItemBuilder Project Files in ShinyItemBuilder

TheR/Shiny package ShinyItemBuilder needs to knowwhich items should be admin-
istered. This can be defined by providing an item pool, created from a folder with
CBA ItemBuilder project files or a list of CBA ItemBuilder project files and optional
tasks.

item_pool <- getPool(path="PATH-TO-YOUR-IB-PROJECTS")

If no additional function for navigation is defined (see section 7.3.3), the project/-
tasks defined in the item pool will be administered as linear sequence. Hence, you
can either change the order of project files / tasks in the object item_pool after the
call of getPool(), or provide a specific function navigation (see section 7.3.3).

The configuration is done using a list of attributes and functions, created with the
function getConfig().

assessment_config <- getConfig()

7Alternatively, a portable R (e.g., using DesktopDeployR) can be used, or R, the Shiny-App and the
browser can be bundled together with a browser as electron app (see, for instance, https://github.com/
zarathucorp/shiny-electron-template-m1-2023 for a template).

https://www.shinyapps.io/
https://github.com/wleepang/DesktopDeployR
https://github.com/zarathucorp/shiny-electron-template-m1-2023
https://github.com/zarathucorp/shiny-electron-template-m1-2023
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Variousoptions that canbedefined include thevisual orientationandzoomof items,
as described in the help:

?ShinyItemBuilder::getConfig

7.3.2 Start and End of Assessments using ShinyItemBuilder

The default configuration to start the assessment that the R/Shiny package
ShinyItemBuilderwill create a new identifier, when the assessment is loaded the first
time from a particular browser. The identifier is stored in the local session storage,
so that the same identifier will be used if the test-taker closes and re-opens the page
(or reloads the page). Using this identifier, the test-taker will always return the last
visited item. If the last item was ended, an empty page will be presented and the
function end defined in the configuration will be called.

The function end can be defined in the configuration to implement different authen-
tication workflows.

Multiple Runs: A new identifier is created automatically when the URL is visited
the first time (or if the application is started in a local deployment).The identifier is
stored either in the session storage (default or sessiontype="sessionstorage") , in the
local storage (sessiontype="localstorage") or using cookies (sessiontype="cookie").
As long as the identifier is stored, the started session will be continued.8 After the
last item the function endwill be called, that is defined in theobject assessment_config
using the function getConfig():

assessment_config$end=function(session){
showModal(modalDialog(

title = "You Answered all Items",
"Please close the browser / tab.",
footer = tagList(actionButton("endActionButtonOK", "Restart"))))

}

This function is called when the last item was shown (i.e., if the function naviga-
tion returns -1).TheShiny actionButton("endActionButtonOK", "Restart") allows test-
taker to re-start the assessment.

SingleRuns: If the function end does not include the action button (i.e., if the footer
is an empty tag-list: footer = tagList()))), the test-taker will not be able to start the
assessment again, once the last item is reached. Alternatively, the end function can
also be overwritten to re-direct to another URL:

8Currently ShinyItemBuilder will not restrict multiple tabs or browser windows accessing the assess-
ment simultaneously.
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assessment_config$end=function(session){
session$sendCustomMessage("shinyassess_redirect",

"https://URL-TO-REDIRECT.SOMEWERE/?QUERYSTRING")
}

Authentication: If the assessment is configuredwith sessiontype="provided", theob-
ject assessment_config created with the function getConfig() can contain a custom
login -function:

assessment_config$login=function(session){
showModal(modalDialog(
tags$h2('Please Enter a Valid Token and Press "OK".'),
textInput('queryStringParameter', ''),
footer=tagList(

actionButton('submitLoginOK', 'OK')
)
))

}

This function is shown, if the assessment is not started with a query-string pa-
rameter that includes a parameter with the name defined in the config assess-
ment_config$queryStringParameterName (default is token). If theparameter is provided,
the function assessment_config$validate is called to verify that the token is valid.

7.3.3 Define Sequencing / Navigation using ShinyItemBuilder

Using ShinyItemBuilder allows to implement different approaches for test assembly
and test assembly (see section 7.2.7).

Linear Sequence: If all test-taker should answer the identical CBA ItemBuilder pro-
jects/tasks in a similar sequence, ordering the tasks in the object item_pool is suffi-
cient.

In the following example, the demo item pool is reordered, so that the items are ad-
ministered in the reversed order:

item_pool <- getDemoPool("demo01")
item_pool <- item_pool [c(6,5,4,3,2,1),]
assessment_config <- getConfig()
shinyApp(assessmentOutput(pool = item_pool,

config = assessment_config,
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overwrite=T),
renderAssessment)

Booklets: If multiple sequences are required, a modified function navigation <-
function(pool, session, direction="NEXT") can be provided. The function obtains
the item pool (as defined above) and a session object.

Possible values for direction are the possibleRuntimeCommands available in the CBA
ItemBuilder (i.e., either NEXT, PREVIOUS or CANCEL, see section 3.12), and the value
START.The function is expected to return the index of the next item (starting with 1),
corresponding to the row in the itempool object.The function can store and retrieve
temporary information using the functions setValueForTestTaker(...) and getVal-
ueForTestTaker(...). The example in vignette("booklets") based on demo01 defines
two booklets (using items 2,3,6 in booklet 1 and using items 4,5,6 in booklet 2). A
random booklet is assigned (sample(unique(booklets$Booklet),1)) and stored for the
test-taker.

Adaptive Testing (CAT): Amodified function navigation <- function(pool, session,
direction="NEXT") can also be used to implement various forms of adaptive testing.
The package contains an example (see vignette("cat_with_catR")) how to use the R-
package catR (Magis and Raîche, 2012; Magis and Barrada, 2017) for a simple adap-
tive test (see Figure 7.1).

7.3.4 Score Responses in R

CBA ItemBuilder tasks provide a scoring (see chapter 5) that can be evaluated and
reused in R.

Retrieve ItemBuilder Scoring: The R package provides a template for the score-
function, that can be used to extract information from the CBA ItemBuilder pro-
vided ItemScore (see section7.2.9).Adaptationof this function isnecessary if selected
responses of the already administered tasks are to be used for test sequencing (e.g.,
if ShinyItemBuilder is used for adaptive testing). The score-function is called auto-
matically, after the administration of one item is completed.

7.3.5 Feedback in R usingMarkdown/knitr

As discussed in section 2.9.2, a technical platform for report generation is neces-
sary to provide instant feedback after an assessment is completed. In the ecosystem
of R/Shiny, the knitr package provides an easy-to-use approach to include dynamic
documents to dynamically generated documents.

The example in vignette("feedback") based on a selection of items provided as demo01

https://kroehne.github.io/ShinyItemBuilder/articles/booklets.html
https://kroehne.github.io/ShinyItemBuilder/articles/cat_with_catR.html
https://kroehne.github.io/ShinyItemBuilder/articles/feedback.html
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FIGURE 7.1:Output of an Adaptive Test Created with ShinyItemBuilder and catR.

illustrates how instant feedback can be created using markdown and kntir. Figure
7.1 provides another example.

7.3.6 Data Storage andData Access

The package ShinyItemBuilder illustrates how CBA ItemBuilder items can be used
with R/Shiny, ready to use for small-scale studies that can be hosted, for instance,
on shinyapps.io. Date are stored in R in a global variable runtime.data, persisted in
a folder configured using the argument Datafolder (default value is _mydata):

assessment_config <- getConfig(Datafolder="folderName")

Data are stored for each session identifier in a *.RDSfile that can be loaded inRusing
the function readRDS(). By default, data are only stored in the current instance (i.e.,
data will be lost if the application will be put into a Sleeping state or the instance is
deleted or newly created on shinyapps.io).9

To access data online, the package illustrates how a simple Maintenance interface

9Shiny can be used with more advanced approaches to achieve persistences, see, for instance here.

https://www.shinyapps.io/
https://www.shinyapps.io/
https://shiny.posit.co/r/articles/build/persistent-data-storage/
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could look like. If a maintenance password is provided, the keyboard shortcut Ctrl
+ X (configured as argument to the function getConfig(maintenanceKey=list(key="x",
ctrl=T, shift=F, alt=F), ...)) or the argument ?maintenance in thequery string (con-
figured as argument to the function getConfig(maintenanceQuery = "maintenance",
...)) opens a shiny dialog page. (see vignette("maintenance")).

 

 

Warning: Understanding how files persist in the chosen hosting environment is
fundamentally necessary. Storage in local files is done only in the running instance
and is lost when, for example, the Shiny application is put into a Sleeping state
or is updated. Inconsistencies are expected if multiple instances are used. Before
running a concrete data collection, be sure to read the vignette("datastorage").

7.3.7 Side Note: Interactively Inspect Log Events of CBA ItemBuilder
Tasks

The R package ShinyItemBuilder can also be used to directly log events collected by a
CBA ItemBuilder task live in RStudio.

This is illustrated with the following example:

item_pool <- getDemoPool("demo02")
assessment_config <- getConfig(Verbose = T)

shinyApp(assessmentOutput(pool = item_pool,
config = assessment_config,
overwrite=T),

renderAssessment)

Note the argument Verbose = T that is provided to the function getConfig. In ver-
bosemode, ShinyItemBuilderwill print detailed information to theRoutputwindow,
while the items can be interacted with in a web browser using shiny.

https://kroehne.github.io/ShinyItemBuilder/articles/maintenance.html
https://kroehne.github.io/ShinyItemBuilder/articles/datastorage.html
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7.4 UsingCBAItemBuilderItemswithTAO(usingPortableCustom
Interactions)

 

 

 

 

The repository fastib2pci can be used as a tool to convert CBA ItemBuilder
projects/tasks into PCI components that can then be integrated into QTI. Single
projects/tasks and linear sequences of projects/tasks are supported.Thegenerated
PCI components can be used, for example, to embedd CBA ItemBuilder items
into TAO-based assessments.

Tests in QTI-compatible platforms such as TAO are defined as a sequence of QTI
items. Each QTI item contains one or more QTI interactions. QTI interactions can
be Common Interactions, Inline Interactions, Graphical Interactions, or (Portable) Custom
Interactions (PCI). If TAO is used as the assessment platform, then QTI items can
be created, managed, and edited directly in TAO. For use cases where assessment
content cannot be implemented with QTI interactions, (Portable) Custom Interactions
(PCI) can be integrated.10

7.4.1 Prepare CBA ItemBuilder Project Files for fastib2pci-Converter

For item authors without experience in software development or if existing assess-
ment content is already available, theCBA ItemBuilder can be used as authoring tool
for PortableCustom Interactions (PCI), for instance, to create Technology-Enhanced Items
(see section 2.3) that can be used in TAO. Portable Custom Interactions that can be used
in QTI-items can be created using either a single or a linear sequence of multiple
CBA ItemBuilder Project Files.

10Note that examples and environments such as the QTI-PCI development environment can be helpful
for software developers when implementing Portable Custom Interactions.

https://github.com/DIPFtba/fastib2pci
https://www.taotesting.com/
https://taotesting.com/
https://taotesting.com/
https://github.com/Citolab/tspci
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To create a Portable Custom Interactions with CBA ItemBuilder Project Files, the
fastib2pci can be used. It allows creating Portable Custom Interactionswith either sin-
gle or multiple Project Files. As a necessary prerequisite, one or multiple Tasksmust
be defined within each Project Files. If multiple Project Files are used, an alphabetical
order is used.The same applies to the order of Tasks, if within one CBA ItemBuilder
Project Filemultiple Tasks are defined.

7.4.2 Generating PCI-Components using fastib2pci-Converter

The converter fastib2pci is provided as a Github project template that contains a so-
called CI/CD worker (i.e., Github actions). Using the converter requires an account
at github.com. After creating an account and log-in to your profile, navigate to the
repository fastib2pci and push the button ‘Use this template’ as shown in Figure 7.2.

 

 

FIGURE 7.2: Repository fastib2pci shows the button Use this template after log-in
to github.com.

Provide a new project name and make sure to select Include all branches.11 As
soon as the project is created, the CI/CDworker included in the template repository
fastib2pciwill create thePCI componentsusing the exampleCBAItemBuilderProject
Files included in the folder items. After the worker completed, the PCI components
can be downloaded from the repository in the sectionReleases (or using the following
link: https://github.com/{your github account name}/{repository name}/releases).

To use the converter with your ownCBA ItemBuilder Project Files, create a newdirec-
tory (e.g., component_1), upload CBA ItemBuilder Project Files to the new directory,
and delete the example directories ‘test_1’ and ‘test_2’. After committing the files,
the CI/CD worker will automatically update the PCI components and provide them
in the section Releases. Note that you can use a git-client (see section 8.3.2.2) to work
with the repository.

11Note that you can select Public or Private for your new project.

https://github.com/DIPFtba/fastib2pci
https://github.com/DIPFtba/fastib2pci
https://github.com/signup
https://github.com/DIPFtba/fastib2pci
https://github.com/DIPFtba/fastib2pci
https://github.com/
https://github.com/DIPFtba/fastib2pci
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Generating PCI-components for using CBA ItemBuilder Project Files in TAO-based
assessments is possible without installing a specific software. The packaging of
PCI-components is done within the CI/CD worker worker that is provided in the
template repository fastib2pci.

7.4.3 Flavors of PCI-Components Created by fastib2pci-Converter

For each sub folder of the directory items/ one *.Tar-file (tarball archive)12 is gener-
ated. Accordingly, if you plan to use multiple PCI-components for a particular as-
sessment, only one git-repository is required.

The *.Tar-files generated by the fastib2pci-converter contain different versions of
the PCI-components, using the identical CBA ItemBuilder Project Files in the repos-
itories items/-folder.There are two reasons to create different flavors:

IMS PCI vs. TAO PCI: The implementation of PCI support in TAO changed over
the last years from a TAO-specific implementation (TAO PCI) towards the standard
specification (IMS PCI). Both versions are generated by the fastib2pci-converter.

Generic vs. Specific: CBA ItemBuilder content is embedded using PCI-components
using iframes. All resourcesused inCBAItemBuilderProjectFilesare embedded in the
generated Specific PCI-components (required tomake the Portable). However, since
TAOmight have, depending on the configuration, a size limitation, the fastib2pci-
converter also creates aGeneric version that only includes theCBA ItemBuilder run-
time in the PCI-component (resulting in very small file sizes of about 150 KB), refer-
ring to static GitHub Pages for hosting the actual item content.

 

 

To use the Generic PCI-components created by fastib2pci-converter, github pages
must be enabled.13

If GitHub Pages are activated in the project (see Figure 7.3), the CI/CDworker worker
will automatically prepare the hosting for the item content as required for the
Generic PCI-components.

 

 

Important note: IfGitHub Pages are activated (i.e., if Generic PCI-components are
used), the item content is freely accessible using the following URL: https://{your
github account name}.github.io/{repository name}/{sub directory name}/

12Note that *.Tar-files are archivefile that can be extracted, for instance, using 7-Zip onWindows com-
puters.

https://www.taotesting.com/
https://github.com/DIPFtba/fastib2pci
https://taotesting.com/
https://taotesting.com/
https://sourceforge.net/projects/sevenzip/
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FIGURE 7.3:Example repository settings showing activated GitHub Pages.

If, for item protection reasons, the content can not be freely accessible, then using
theGenericPCI components requires providinga (secured) static hostingof the con-
tent in the Branch gh-pages, generated by the fastib2pci-converter. This effort is not
required for the Specific PCI components.

7.4.4 SideNote: Archive Assessment Content using GitHub Static Pages

For various reasons, it can sometimes be reasonable to provide assessment content
statically (i.e. without data storage). In addition to screenshots, CBA ItemBuilder
tasks, for example, canalso bedisplayedas interactivewebpages.With the converter
fastib2pci this can be easily realized if you have your GitHub Pages activated in your
account (eitherusingpublic repositories or aGitHubProplan). See thepublicGitHub
Pages for the template repository fastib2pci as an example: https://dipftba.github.io/
fastib2pci/

https://github.com/DIPFtba/fastib2pci
https://github.com/DIPFtba/fastib2pci
https://github.com/account/upgrade
https://github.com/DIPFtba/fastib2pci
https://dipftba.github.io/fastib2pci/
https://dipftba.github.io/fastib2pci/
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7.5 Using CBA ItemBuilder Itemswith the IRTlib-Software

 

 

 

 

The IRTlib software is a dedicated deployment software for complex assessments
based on CBA ItemBuilder items. Test compositions can be configured using a vi-
sual flow definition and used in offline and online assessments.

7.5.1 IRTlib-Editor vs. IRTlib-Player

The IRTlib Deployment Software consist of two different parts. An IRTlib-Editor to
configure studies, and a IRTlib-Player to run studies. The IRTlib-Player requires a
valid configurationof adeployment, that canbe created, changedandmodifiedwith
the IRTlib-Editor.

The IRTlib-Player supports different deployment modes for assessments, either of-
fline (e.g., fromUSB stick) or online (e.g., stand-alonewith aURLpointing to a ded-
icated server prepared for hosting the software).

The IRTlib-Editor used to configure and define studies can currently be use only of-
fline.14The identical assessment content (i.e., CBA ItemBuilder Project Files contain-
ing one or multiple tasks) can be used for online and offline delivery.

7.5.2 RuntimeRequirements (Offline andOnline)

An installation of the IRTlib-Editor is not necessary for offline use, because the soft-
ware (i.e., the IRTlib-Player and -Editor) is prepared to runwithout installation (cur-
rently only underWindows).

ReadinessTool (offline): A simple command-line readiness-tool is provided to check

14The online version of the IRTlib-Player and Editor as SaaS-solution is under preparation.

https://github.com/kroehne/IRTlibReadiness
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if a (Windows) computer fulfills the requirements to run the IRTlib-Player for offline
use.The readiness tool is configured with command-line parameters and, if so con-
figured, also forwards the command-line parameters to the player. This allows the
readiness-tool to always be started before the player, or to be called after the player
only in the event of an error.

The IRTlib-Player for online deployments is provided as docker image. For prepara-
tion and configuration of online deployments, filemanagement of CBA ItemBuilder
project files and configuration files the offline IRTlib-Editor can be used.

Requirements (online): Unlike the CBA ItemBuilder runtime itself (see section 7.7)
the IRTlib-Player for online deployments has additional browser requirements for
online data collection. Online collections are possible in browsers that support the
execution ofWebAssembly (WASM).15

7.5.3 Study Configuration

Global configurations within the IRTlib-Editor concern the available CBA Item-
BuilderRuntimes.Hence, before using the IRTlib-Editor forCBA ItemBuilder deploy-
ments it is necessary to add at least one Runtime. Moreover, for each study it needs
to be configured, if either Login16 and Password or a access Tokenwill be required.

Deliveries (i.e., studies) can be configured in the IRTlib-Editor. Studies need a unique
Name and allow for an additional Label. Additional configurations for Studies include
settings regarding the authentication of test-taker, the requested scaling of con-
tent, the configuration of a menu for test-administrators and the expected behav-
ior, when a test-taker finishes a session. Finally, the IRTlib-Editor allows to define
the Routing between Test Parts.

Each Study needs at least one Test Part, and currently two types of Test Parts are sup-
ported: CBA ItemBuilder and SurveyJS.

7.5.4 Configuration of CBA ItemBuilder Test Parts

To prepare a Test Part of type CBA ItemBuilder, the CBA ItemBuilder project files need
to be added to the configuration using the IRTlib-Editor. CBA ItemBuilder Project
Files (with Tasks and Scope) can be added at different sections of a Test Part configura-
tion.

 

 

The basic building blocks for defining test assemblies are always combinations of
CBA ItemBuilder Project files, Tasks and Scopes.

15See the website caniuse for browsers supporting the use ofWebAssemblies.
16These example items for login (IRTLibLoginExample.zip) and exit (IRTLibEndItemExample.zip) can

be used to design CBA ItemBuilder tasks for the IRTlib software.

https://caniuse.com/fullscreen
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IRTLibLoginExample.zip
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/IRTLibEndItemExample.zip
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After adding a CBA ItemBuilder Project File the Tasks defined in that Project File are
available in the IRTlib-Editor.TheadditionalScopeallows tousean identicalTaskmul-
tiple times. The section info allows to add items (i.e, CBA ItemBuilder Project Files
with Tasks and Scope) to the following slots:

• Prefix: Items administered in the beginning of a Test Part (e.g., a cover page, an
introduction or tutorial etc.)

• Epilog: Items administered at the end of a Test Part (e.g., a thank-you page etc.)
• Timeout: If the Test Part is time restricted, one or multiple items can be added that
will be administered, if a Timeout occurs in the Test Part

Themain items that should be administered between Prefix and Epilog can be added
to the section Items. If the option Routing is not activated, these items are admin-
istered in the sequence defined in the view Items. If Routing is activated, the View
Routing allows to define the sequence of items (i.e., CBA ItemBuilderProject Fileswith
Tasks and Scope) using the Visual Designer.

7.5.5 Configuration of ItemPools

For the definition of sequences, results of concrete items (i.e., Classes with scoring
conditions andResult Texts, see chapter 5) can be accesseddirectly. For adaptive tests,
inwhich the current item (or the list of current items) is selected using IRT-methods
(see section 2.7), the mapping of the scoring defined within the CBA ItemBuilder
Project Files and the variable 𝑢 (e.g., 0 for no credit, 1 for full credit and 0.5 for partial
credit), the IRTlib-Editor provides the additional concept of an Item Pool.

7.5.6 Configuration of Codebooks

Each item (i.e., a particular Task in a CBA ItemBuilder Project File administered in a
particular Scope) provides a number of result variables (i.e. Classes, see section 1.5.1)
as part of the ItemScore, when the presentation ended for a particular task either
because of a navigation-related command (see section 3.12.2) or because of a time
limit (see section 7.2.8). The Codebook allows to map the values provided by the CBA
ItemBuilder scoring into variables with labels and value labels, as required for data
sets.

Missing Value Coding: If a response was provided, either the name of the scoring
condition (hit/miss) or theResult Text represents the value of the variable.Within the
tasks, the defined scoring (see section 5.3.11) is expected to differentiate between
Not Reached (NR) and Omitted Response (OR), if no response is provided. Hence, the
values provided for classes (i.e., variables) of Tasks (i.e., for one or multiple items)
aremissing value coded based on theCBA ItemBuilder scoring.However, there are a
few processing steps required by the IRTlib-Player to apply themissing value coding
completely:
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(1) If a timeout or an abort by the test administrator / interviewer occurs,
the classes (i.e., variables) within the current task (i.e., the task in which
the test part was aborted or the task that was ended by a timeout) theNot
Reached (NR) codes are changed to eitherMissingdue toAbort orMissingdue
to Timeout.

(2) In the next step, the remaining tasks are determined that would have
been administered if the timeout or the abort would not have happened.
The classes (i.e., variables) of these tasks are then also missing-coded as
eitherMissing due to Abort orMissing due to Timeout.

(3) Finally, all remaining tasks are determined (i.e., the tasks that are neither
administered before the timeout or the abort and would have also not
been administered if no timeout or abort had occurred).The classes (i.e.,
variables) for these tasks are missing-coded asMissing by Design.

Takingall three steps together the resultingdata set of theobtained itemscore canbe
transformed into a regular rectangular data set, with one column for each class (i.e.,
variable),where the number of classes (i.e., variables and thereby columns) is known
in advance as soon as all pairs of CBA ItemBuilder projects files and task names are
defined and the CBA ItemBuilder project files are available.

 

 

If the scoring definition within the CBA ItemBuilder Tasks is complete and error
free (i.e., conditions are mutually exlusive per class, see section 5.3.3) and with
missing value coding (i.e., the scoring definesmissing responses for each class and
differentiates, if required, between Not Reached and Omitted Response), the IRTlib
software can provide result data that are ready for raw data archiving.

For test designs with a unit structure (i.e., multiple items within a task), a differen-
tiation betweenNot Reached (NR) and Omitted Responses (OR) needs to be included in
the scoring definition of the CBA ItemBuilder Tasks. The IRTlib software then uses
this differentiation todifferentiate betweennormal responses,MissingbyDesign,Not
Reached (NR) / Omitted Response (OR), Missing due to Abort, and Missing due to Timeout
even in the case of complex task-flows or test assemblies that may depend on given
responses, conditions and skip rules or even so-called pre-load variables (i.e., values
assigned in advance to logins or tokens or values provided at the start of an assess-
ment, see section 7.5.3).

7.5.7 Data Collected by the IRTlib-Software

Digitally-based assessments with CBA ItemBuilder Tasks create results data (based
on the scoring definition, see chapter 5), raw log events (automatically generated log
events), and additional user-defined log events (triggered either in the finite-state
machine or in content embedded using ExternalPageFrames).
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RawDataArchives:The data stored by the IRTlib-Player always have the reference to
the so-calledSession. If a loginor token is usedasPersonIdentifier to authenticate test-
takers, the raw data of a session are stored in a file {personidentifier.zip}. If there
wasno login in aparticular session (yet), or if the study is configured touse a random
identifier, the raw data archive will be named according to this (randon) ID.The raw
data archive. is a zip archive that can contain multiple files. The files ItemScore.json
and Trace.json contain the itemscores and logdataprovidedby theCBAItemBuilder
Tasks in JSON format. The file Log.json gathers additional log data provided by the
IRTlib-Player and the file Snapshot.json contains all information required to restore
the state of a Task (used, for instance, for crash recovery).

Monitoring Data: After the completion of an individual assessment, summarized
status information can also be provided directly by the IRTlib-Player. Using this
functionality, it is possible to react to key measures (e.g., particular timemeasures)
already during data collectionwithout the need to process raw data archive contain-
ing the log or result data.The status information can either be written to a file (mon-
itoring file) or passed in an online assessment as part of a forwarding URL. Compu-
tation of monitoring information is defined in the visual editor.

The monitoring data are created as variables in the visual editor and are stored as
list of variable-value pairs. In the JSON file the variable-value pairs are stored in the
following form:

{
"ExampleDateTime": "2021-08-02T10:25:58.6209884+02:00",
"ExampleInteger": 42,
"ExampleString": "Any String",
"ExampleDecimal": 3.1415926

}

Please note that the representation of the values in the JSON format differs slightly
depending on the data type.

7.5.8 Integration into LearningManagement Systems

If a hosting of the IRTlib software is configured, it can be used as tool in Learning
Management Systems (LMS) that support the Learning Tools Interoperability (LTI) inter-
face.
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7.6 Using CBA ItemBuilder Items in SCORMPackages (with xAPI)

 

 

 

 

The repository fastib2scorm can be used as a tool to convert CBA ItemBuilder
projects/tasks into SCORM packages that can then be integrated into Learning
Management Systems (LMS). Single projects/tasks and linear sequences of pro-
jects/tasks are supported. The generated SCORM components can be used, for
example, to embedd CBA ItemBuilder items into moodle.

Assessment content embedded into LearningManagement Systems (LMS) can become
Open Educational Resources. Open standards, such as the Sharable Content Object Refer-
enceModel (SCORM) described how content can be packaged into a transferable ZIP-
archives, called Package Interchange Format to be used in different LMS that support
SCORM.

Flavors of SCORM-Packages created by the fastib2scorm-converter

• SCORM 1.2
• SCORM 2004

7.6.1 Prepare CBA ItemBuilder Project Files for fastib2scorm-Converter

To create a SCORM packages with CBA ItemBuilder Project Files, the fastib2scorm
can be used. It allows creating SCORMpackageswith either single ormultipleProject
Files. As a necessary prerequisite, one ormultiple Tasksmust be defined within each
Project Files. If multiple Project Files are used, an alphabetical order is used.The same
applies to the order of Tasks, if within one CBA ItemBuilder Project Filemultiple Tasks
are defined.

https://github.com/DIPFtba/fastib2scorm
https://moodle.de/
https://github.com/DIPFtba/fastib2scorm
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7.6.2 Generating SCORM Packages using fastib2scorm-Converter

The converter fastib2scorm is provided as aGithub project template that contains a so-
calledCI/CDworker (i.e., Github actions, see also 7.4.2). Using the converter requires
an account at github.com. After creating an account and log-in to your profile, navi-
gate to the repository fastib2scorm and push the button ‘Use this template’ (see also
Figure 7.2 above for the similar approach used for the fastib2pci-converter).

7.6.3 General Data Provided to the LMS

SCORMpackages that consist of a single CBA ItemBuilder task or a linear sequence
of tasks automatically return the information summarized in Table 7.1 to the Learn-
ingManagement System (LMS) without further configuration:

• Completion: If all tasks in a SCORM component are administered, the
cmi.completion_status is reported as completed, otherwise either incomplete is
reported (if any user interaction with the SCORM content were recorded) or
not attempted (if the SCORM component was loaded, but no interactions were
recorded).

• Recent Task: If a SCORM component is created with multiple CBA ItemBuilder
Tasks, the recent Task name is reported as cmi.core.lesson_location (1.1 / 1.2) or
cmi.location (2004 2st, 3nd, 4th) . If a SCORM component is resumed, the com-
ponent is continued with this Task.

• Progress: If multiple CBA ItemBuilder Tasks are combined as SCORM compo-
nent, the progress (i.e., the number of already completed Tasks) is reported as
cmi.progress_measure (2004 2nd, 3rd, 4th).

• Total Time and Session Time: The total time a SCORM component was used (ac-
cumulated across multiple visits) is reported as cmi.core.total_time (1.1 / 1.2) or
cmi.total_time (2004 2nd, 3rd, 4th). The time of the last session is reported as
cmi.session_time (2004 2nd, 3rd, 4th).

• Suspend Data: The snapshot of started CBA ItemBuilder Tasks are required to re-
sume theTasks. If possible (i.e., if feasiblewithin the restrictions of theSCORM for-
mat definition) the (compressed) JSON-Snapshot is provided as cmi.suspend_data.
Note that the max size varies across SCROM versions (1.1 / 1.2: 4096 characters;
2004 2nd edition: 4000 characters; 2004 3rd / 4th edition: 64000 characters).

https://github.com/DIPFtba/fastib2scorm
https://github.com/signup
https://github.com/DIPFtba/fastib2scorm
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TABLE 7.1: Data Reported by all SCORM Components with CBA ItemBuilder Tasks

Data Model Description Versions

cmi.completion_status Completion status, i.e., completed,
incomplete, not attempted, unknown

(all)

cmi.core.lesson_location Recent Task, i.e., the name of the
last visited CBA ItemBuilder Project
/ Task used to resume

(1.1 / 1.2)

cmi.location (see cmi.core.lesson_location) (2004 2st,
3nd, 4th)

cmi.progress_measure Value between 0 (0% and) and 1
(100%) indicating the progress
within the component

(2004 2nd,
3rd, 4th)

cmi.core.total_time Accumulated total time (1.1 / 1.2)
cmi.total_time (see cmi.total_time) (2004 2nd,

3rd, 4th)
cmi.session_time Time of the last session (2004 2nd,

3rd, 4th)
cmi.suspend_data JSON string to restore tasks states (all, but

varying size
limits)

Not supported yet:
cmi.core.exit

Exit status, i.e., time-out, suspend,
logout

(1.1 / 1.2)

Not supported yet: cmi.exit (see cmi.core.exit) (2004 2nd,
3rd, 4th)

Not supported yet:
cmi.core.entry

First attempt ab-initio or resume (1.1 / 1.2)

Not supported yet: cmi.entry (see cmi.core.entry) (2004 2nd,
3rd, 4th)

7.6.4 Report Scoring Results Provided by CBA ItemBuilder Tasks to the
LMS

The CBA ItemBuilder scoring (see Chapter 5) consists of a list of Classes, each pro-
viding one active hit (or miss) at a time, and optionally a string or numeric result
(called Result-Text). Additionally, scoring is provided in the form of variables with
values.

• CBA ItemBuilder Scoring: Raw results as provided by the CBA ItemBuilder Tasks
are converted to the cmi.interactions-structure, defined in the SCORM standard,
using the fields. For each class and each variable, a cmi.interactions-entry is cre-
ated with a unique key (id) and a value (learner_response).
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Classes:

• id: {Project-Name}.{TaskName}.{ClassName}

• learner_response: Hitname | ResultText

Variables:17

• id: {Project-Name}.{TaskName}.{VariableName}
• learner_response: Type | VariableValue

7.6.5 Mapping of Scoring Result to Indicate Success

Thetransmissionof results-data fromSCORMpackages embedded in learningman-
agement systems in the form of cmi.interactions is sufficient tomake all data avail-
able to the LMS for later use. However, it is not sufficient to report the results in a
way, that the LMS can understand and feedback to teachers or course administra-
tors. For that purpose, an additionalmapping of the raw results to correct responses
/ incorrect responses is required, so that raw scores, success and credits can be de-
rived.

TODO:We need to define a codebook structure for that purpose.

• RawScore:

– cmi.core.score.raw
– cmi.core.score.max
– cmi.core.score.min

• Success:

– cmi.success_status
– cmi.core.credit
– cmi.core.lesson_status

TABLE 7.2: Data Reported by SCORM ComponentsWith Scoring

Data Model Description Versions

cmi.success_status … (all)
… … …

17Note: Variables are supported starting with CBA ItemBuilder 10.0 and it is expected that variable
names and class names are unique.
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7.6.6 Trace-Data using xAPI-Statements

Additional behavioral data gathered inside of SCORM package using the CBA Item-
Builder runtime can be stored using xAPI statements.The following statements are
provided by default, storing the data provided by the CBA ItemBuilder runtime (see
section 7.2.9):

• Traces (Log-Data) : JSON messages informing about log events inside the CBA
ItemBuilder Tasks are provided as single xAPI statements, with the data provided
in the object part:

{
"actor": { "mbox": "mailto:user@example.com","name": "User Name" },
"verb": { "id": "https://example.com/verbs/logged", "display": { "en": "logged" } },
"object": {
"id": "http://example.com/system/events/123456",
"definition": {

"name": {
"en": "CBA ItemBuilder Event Log"

},
"description": {
"en": "Logged a CBA ItemBuilder event"

}
"data": "... JSON data provided by the runtime ..."

}
},
"timestamp": "2023-07-25T10:30:00Z"

}

• Scoring Results : JSON messages containing the scoring results of CBA Item-
Builder Tasks are provided as xAPI statements, with the data provided in the result
part:

{
"actor": { "mbox": "mailto:user@example.com","name": "User Name" },
"verb": { "id": "https://example.com/verbs/experienced", "display": { "en": "experienced" } },
"object": {
"id": "http://example.com/project-file/task",
"definition": {

"name": {
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"en": "CBA ItemBuilder Project Name"
},
"description": {
"en": "User Name experienced Project Name / TaskName."

}
"result": {
"extensions": {

"https://xapi.itembuilder.de/extensions/itemscore": {
... ItemScore JSON ...

}
}

}
}

},
"timestamp": "2023-07-25T10:30:00Z"

}

• Snapshot : JSON messages containing the complete restore data of CBA Item-
Builder Tasks are provided as xAPI statements, with the data provided in the result
part:

{
"actor": { "mbox": "mailto:user@example.com","name": "User Name" },
"verb": { "id": "https://example.com/verbs/experienced", "display": { "en": "experienced" } },
"object": {
"id": "http://example.com/project-file/task",
"definition": {

"name": {
"en": "CBA ItemBuilder Project Name"

},
"description": {
"en": "User Name experienced Project Name / TaskName."

}
"result": {
"extensions": {

"https://xapi.itembuilder.de/extensions/snapshot": {
... Snapshot JSON ...

}
}

}
}

},
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"timestamp": "2023-07-25T10:30:00Z"
}

7.7 Using CBA ItemBuilder Items in Custom Web Applications
(Taskplayer API)

 

 

Thissectionbriefly describeshowsoftwaredevelopers canuseCBAItemBuilder con-
tent in web applications.

 

 

Important note: This section describes how CBA ItemBuilder projects can be em-
bedded into new environments by technically experienced programmers, without
using the existing deployment software tools described in this chapter.

The CBA ItemBuilder is the tool for creating individual assessment components.
These can be items, instructions, units or entire tests. Typically, several CBA Item-
Builder projectsmust be used for the application. Each CBA ItemBuilder project file
provides one ormore entry points called Tasks. For a test section you then need a list
of ItemBuilder project files and the corresponding task names to administer them,
for instance, in a linear sequence.

CBA ItemBuilder Project Files are zip archives that contain the following components
(see also section 8.3.3):

• A: The information required at design time for creating assessment components
with the CBA ItemBuilder (i.e., for editing content). The files are only required
for opening andmodifying the assessment componentswith the CBA ItemBuilder
and the files are not required at runtime (i.e., when using the assessment compo-
nents to collect data).
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• B: Resource files (i.e., images, videos, and audio files) in web-supported formats
that are imported using the CBA ItemBuilder to design pages. The file names of
resource files are linked in the CBA ItemBuilder to components (i.e., the resource
files are required for item editing and at runtime).

• C: Embedded external resources ( i.e., HTML, JavaScript, and CSS files also in
web-supported formats) integrated into pages with ExternalPageFrames / iframes
are stored inside the zip archive. An HTML file is defined for each ExternalPage-
Frames / iframes as entry, but more files might be necessary.

• D: A config.json that allows rendering the item content with the CBA ItemBuilder
runtime is also stored in the zip archive. Only the config.jsonfile and the two fold-
erswith the resources (resources) and theembeddedresources (external-resources,
that can contain sub-directories) are required for using the assessment compo-
nents generated with the CBA ItemBuilder.

• E: A file stimulus.json is also part of the CBA ItemBuilder project files that con-
tains JSON-serialized, meta information about the tasks, such as the runtime
version (runtimeCompatibilityVersion), the name (itemName) and the preferred size
(itemWidth and itemHeight) as well as a list of all defined Tasks (tasks). This file also
contains a list of required resource files (resources and externalResources) that al-
lows pre-caching the item before rending.

Taskplayer API: The required Runtime to embed CBA ItemBuilder items into
browser-based assessments is provided as a JavaScript file (main.js) and a CSS file
(main.css) for each version of the CBA ItemBuilder. Since version 9.0 the interface
of the Taskplayer API provided by the JavaScript runtime remained stable, while the
internal implementation is changed and updated when new features are imple-
mented in the CBA ItemBuilder. To render an CBA ItemBuilder project of a partic-
ular version using the config.json file together with the two folders (resources and
external-resources), the same version of the CBA ItemBuilder runtime (i.e., main.js
and main.css) is required.

For individual linear sequences, the runtime provides navigation between the tasks
directly. If skip rules or adaptive tests are to be implemented, then several runtimes
can be combined for the administration of individual tasks or packages of several
tasks. This approach also allows implementing a delivery platform that can handle
ItemBuilder tasks of different versions.

For programming a CBA ItemBuilder delivery, the following pointsmust be consid-
ered and implemented:

• Provision of Static Files: To use CBA ItemBuilder items, the resources (directories
resources and external-resources) must bemade available (e.g. via static hosting).
This canbedoneviaarbitraryURLs,whichare communicatedvia the configuration
of the runtime.
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• Configuration: Via URL parameters or with a structure cba_runtime_config de-
clared in the global JavaScript scope (i.e. as window.cba_runtime_config) the runtime
of the TaskPlayer API can be configured.

• Caching of Snapshots: Browsers can be closed, and assessments should be able to
be continued afterward as unchanged as possible. Tasks can also be exited and re-
visited as part of between-task navigation. For these requirements, the runtime
provides the state of a task as a so-called snapshot, which the delivery software is
expected to store and to provide for restoring the state of tasks.Therefore, for im-
plementing a custom delivery, it is required to enable persistence of the snapshot
data because these snapshots have to be made available to the TaskPlayer API for
resuming and restoring tasks.

• Storing of Provided Data: For a data collection with CBA ItemBuilder items us-
ing the TaskPlayer API, the following two types of datamust be stored: At definable
intervals, the TaskPlayer API transmits the collected log data (referred to as trace
logs). These data have become the focus of scientific interest for the in-depth in-
vestigation of computer-based assessments and should always be stored. The di-
rect results in (i.e., the so-called Item Scores) are provided by the TaskPlayer API
when the Tasks are switched and must also be stored. Snapshots, trace data, and
item scores are each assigned to a person-identifier and a task so that they can be
easily post-processed afterward.

An description of an example implementation of an Execution Environment using the
TaskPlayer-API is provided (seeEE4Basic in sectionB.5) togetherwith a technical doc-
umentation for developers (see Reference in section B.5).





8
Assessment Cycle andWorkflows

 

 

Starting from a concrete diagnostic question (Diagnostic Interest), the development
and implementation of computer-based assessments takeplace in aprocess that can
be illustrated, for example, as an Assessment Cycle (see Figure 8.1).

 

 

FIGURE 8.1: Illustration of an Assessment Cycle that includes Transfer.

The first part of this workflow of computer-based assessments (Diagnostic Interest
and ItemDevelopment, see also, e.g., Lane et al., 2015) can be broken down into more
detailed parts and steps:

• Overall Planing and Preparation (see section 8.1.1) and
• ItemDevelopment (see section 8.1.2).

455
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If the intended use of assessment material, for instance, prepared using the CBA
ItemBuilder is defined (i.e., if Test Design and Test Assembly are known), the distribu-
tion of content to Project Files can be optimized (see section 8.2).

A well-considered distribution of assessment content to individual project files can
reduce effort and the risk of errors for the following steps:

• Testing (see section 8.4),
• Test Administration and Data Collection (section 8.5),
• Data Preparation, Reporting and Feedback (see section 8.6), and
• Documentation and Archiving (see section 8.7).

Finally, developed instruments can be shared and made available, for instance, as
Open Educational Resources (OER, see section 8.7.4) to be used for further research or
in (educational) practice. All different parts of a usual workflow for CBA projects as
shown in the Assessment Cycle are described in this chapter.

8.1 Planning of CBAProjects

 

 

Assessment projects can face time pressure if necessary steps for planning and
preparing have either not been considered or if timetables and milestone plans un-
derestimated requirements for necessary steps. However, time pressure at the end
might be less likely if a systematic approach is followed.

8.1.1 Overall Planing and Preparation

Table 8.1 lists the initial steps that should be taken before implementing specific
items or tasks for a concrete computer-based assessment.
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TABLE 8.1: Workflow forOverall Planing and Preparation

Overall Planing and Preparation

Domain Definition and Claims Statements
Content Specification
Feature Collection & Requirements
Software-Tool Selection

DomainDefinitionandClaimsStatements: As thefirst stepof planningandprepar-
ing anassessment project, the construct domain to be testedneeds to bedefinedand
articulated.Afternaminganddefining thedomain tobemeasured, clear statements
of the claims to be made about test-takers knowledge, skills and abilities (KSAs) are
required.

Content Specification: The fundamental arguments that should be possible based
on an assessment require validity-evidence based on the test content to support the
specific interpretations anduses of test scores.This requires a precise content speci-
fication (i.e., test content and test format), including specifications onhow theKSAs
should be measured, which cognitive processes are required, and which item for-
mats and response types are intended.

Feature Collection & Requirements: A systematic collection and documentation of
all requirements that exist regarding item presentation and test delivery is sug-
gested before selecting a particular assessment software. Planning for technology-
based assessments (see, e.g., International TestCommission andAssociation of Test
Publishers, 2022) also includes considering how the use of technology can directly
impact the assessment experience.

What if the required functionalities and features of the assessment software and the
requirements for test delivery, analyses, and implementationof the computer-based
assessment still need to be precisely described? In that case, creating storyboards
and implementing minimal examples (as described in the 8.1.2 section) could help.

Software-Tool Selection: Selecting software components for the different parts is
possible based on the collected requirements. Various tools might be appropriate
for implementing the actual items, the assessment delivery, and the data process-
ing during or after the assessments. If different tools are used, their interplay poses
another requirement.

Some aspects for the selection of software components are:

• Features of the software: Items of which type can be implemented using the as-
sessment software (e.g., specific response formats, support of QTI items, items
composed by multiple pages etc.)? Is response times measurement required with
an accuracy of milliseconds, or is a web-based implementation appropriate?
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• License to use the software: How can the software be used for different parts of the
assessment project, including the actual data collection, archiving of the instru-
ments, and the dissemination of the developed CBA instruments?

• Interoperability and vendor lock-in:Howcan the assessment content beused if key
stakeholders or project partners change?

• Support and Service Level Agreement: Is technical support for implementing the
items and conducting the data collections available, or can a specific agreement be
concluded?

• Runtime requirements for offline delivery: Is test delivery without internet access
possible and which devices and operating systems are supported? How is it en-
sured that testing can be carried out without interruption in the face of incorrect
entries and that it can be continued after system failures?

• Requirements for online assessments: Bandwidth for group testing, hosting re-
quirements, number of concurrent supported test-takers, redundancy andbackup
strategy, supported browser versions?

• Software integration: If developers are involved, are they required to implement
the complete assessment or only parts (e.g., specific content embedded using Ex-
ternalPageFrames, see section 3.14, or the integration of CBA ItemBuilder items us-
ing the TaskPlayer API, see section 7.7)?

Thepersonal abilities, resources, and skills of those involved in the project also play a
not inconsiderable role in the success of CBA projects. Assessment projects often re-
quire competencies fromdifferent areas, which is an argument for interdisciplinary
teams.

 

 

How to do this with the CBA ItemBuilder? Using the CBA ItemBuilder as an au-
thoring tool, item authors (see section 2.11.1) should be enabled to create inter-
active items, tasks, and assessment components. The underlying argument here
is that implementing item ideas and assessment concepts by content experts can
create implementations that are superior to more traditional waterfall-like pro-
cesses (complete description of requirements on paper in advance, followed by im-
plementation by programmers).

Programmers and software developers are only needed in this process if specific
extensions in the form of ‘ExternalPageFrame’ content are required or existing
HTML5/JavaScript content is to be integrated. Psychometricians (e.g., for scaling
and IRT-based item selection), and system administrators (e.g., for hosting online
assessments on in-house servers), may be needed to complete a team.
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8.1.2 From Idea to Implementation

Once the process model for item creation and software selection has been decided
upon, the individual items (in cycles, if necessary) are implemented using the steps
shown in Table 8.2.

TABLE 8.2: Workflow for ItemDevelopment

ItemDevelopment

Item Story Boards and ItemWriting
Minimal Examples and Item Computerization
Item Review andModification
Scoring Definition and Scoring Testing
Item Tryouts (Cog-Labs / Field Testing)
Item Banking

Storyboards: Afirst step for the creationofmore complex computer-based itemsare
storyboards, which illustrate in the form of sketches in which sequence information
is to be presented and answer options are to be given. For diagnosticallymeaningful
assessment components, particularly the behavior by which test-takers should pro-
vide information about their competence or ability is of particular importance, i.e.,
which behavior or actions should be used for evidence identification. According to
the possibilities of computerized assessments to create interactive, authentic, and
complex tasks (cf. Parshall, 2002), evidence identification does not have to include
theworkproducts exclusively. Still, it canalso refer to features of the test-takingpro-
cess (i.e., process indicators from the log data included in themeasurementmodel).

Minimal Examples: Based on the initial ideas and storyboards, the functionalities
and features required for designing the computer-based items can be derived. Typ-
ically, developing complex items to the end is not necessary to check whether a
specific implementation is possible. Instead, so-called minimal examples, i.e., exe-
cutable items that exclusively illustrate a particular functionality, can be used.

 

 

How to do this with the CBA ItemBuilder? Minimal examples illustrating features
of the CBA ItemBuilder are provided via links included in the figure descriptions
of this manual (see the links labeled ib, which give access to the individual CBA
ItemBuilder projects shown in a particular figure).

Feature-Complete Prototype: Based on the division of content into pages, reused
page components, and dialogs, designing a prototype is suggested that is as com-
plete as possible and that at least fully maps navigation within assessment com-
ponents (i.e., within-unit navigation). This step is not necessary if items are created
based on an already developed and tested template.
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How to do this with the CBA ItemBuilder? The CBA ItemBuilder supports the re-
use of page templates, and existing projects can be adopted andmodified as tem-
plate project (see section 6.8).

ProductionofAudiofiles, ImagesandVideos:For theproductionof authentic tasks,
simulation-based assessment and the contextualization of assessment content, im-
ages, audio, and video files are often required (see section 6.2). These must be cre-
ated as accurately as possible and across tasks, with consistent font sizes, colors,
etc., and saved at the required size.

Item Computerization: Combining and merging the visual material of items with
potential possibilities for the test-taker’s interactions (i.e., ways to respond to the
assessment content) is a creative process that should result in opportunities to col-
lect (valid) evidence about what test-takers know, can do, and understand. In other
words, everything should be allowed that helps in making justifiable claims about
KSAs.

In order to exploit the potential of computer-based testing for creating tasks that re-
quire specific construct-relevant test-takingbehavior and that elicit informative evi-
dence, two approaches are possible: A) Collaborativework in interdisciplinary teams
(content experts and developers) and an iterative, agile approach for implementing,
evaluating, andmodifying computer-based tasks. B) Content experts learn and uti-
lize tools to implement computer-based itemsdirectly, allowing themtoplay around
with potential implementations and evaluate the impact on task characteristics and
the interpretation of work products and test-taking processes.

 

 

How to do this with the CBA ItemBuilder?Within the functional scope of the CBA
ItemBuilder object model, item authors can design interactive tasks without the
help of programmers and optimize them with regard to diagnostic use (approach
B). If HTML5/JavaScript content is developed and included as ExternalPageFrame,
then feedback and review rounds are recommended (approach A).

Item Review and Modification: Tasks and computer-based implementations of
items are usually not created in one step. Instead, assessment components are typ-
ically reviewed after an initial draft and revised in review loops to improve and op-
timize them step by step.

 

 

How to do this with the CBA ItemBuilder? The preview function can be used for
the review process with CBA ItemBuilder items. For this purpose, the CBA Item-
Builder items may have to be shared between different actors, for which version
management techniques (see section 8.3.2) can be used, for example.
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Item Tryouts (Cog-Labs / Field Testing): After item development (and testing, see
section 8.4), initial empirical testing in cognitive labs (so-called coglabs) or small-
scale testing (e.g., with only one school class) is often helpful. Use cases for try-
outs are to learn more about the comprehension and usability of new tasks or to
(roughly) estimate the required processing time and task difficulty.The test deploy-
ment software described in chapter 7, for instance the R/Shiny package ShinyItem-
Builder (see section 7.3), can be used to implement a tryout. If necessary, either a
screen-recording software can be used to capture the detailed test-taking process,
or the tryout can use theCBA ItemBuilder’s feature of collecting replay-complete log
data (see section 2.8.3).1

Item Banking:The steps that individual items must go through describe a process
from initial design, revisions, and tryouts to scaling and then the operational use of
items in an automated or manual test assembly technique. At each stage, persons
with different roles, such as item author, item reviewer, psychometrician, test de-
veloper, project manager, and others, can change an item’s status in a pre-defined
workflow. Possible workflows include the dissemination or archiving of operational
items and the long-term storage of items required for follow-up assessments, sub-
sequent cycles, or linking or bridge studies. Moreover, the role of persons and the
defined workflow also determine which actions, such as commenting on an item,
moving it to the next stage, or bringing an item back to a previous stage (or even
discarding an item draft), are possible. Hence, instead of managing items in files
(or CBA ItemBuilder project files) and metadata about items in spreadsheets, Item
Banking using, for instance, web-based software is possible.

8.2 Distributing Content to Project Files and Tasks

 

 

TheCBA ItemBuilder’s flexibility for creating assessment componentswithmultiple
pages requires planning how the content should be distributed as either one or in
multiple Tasks (i.e., entry-points) and Project Files (i.e., zip archives).

1Note that content embedded as ExternalPageFrame is currently not included in the replay-
completeness.
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Assessments created with the CBA ItemBuilder are composed of Tasks. Tasks are
stored in Project Files that share their resources (e.g., images, videos, audio files). All
test deployment tools described in chapter 7 canbeused to administer either a single
Task or a linear sequence of Tasks. While this is sufficient for typical data collections
using only one booklet or a set of fixed booklets, adaptive testing (including multi-
stage tests) can require to analyze responses live during the assessment to select the
appropriate subsequent Task (or multiple Tasks such as stages).

 

 

It is suggested to think about the distribution of assessment content into Tasks
and Project Files before creating the CBA ItemBuilder projects.

Assessment material will be used as shown in Table 8.3 to collect data with a partic-
ular test design (i.e., implementing a particular test assembly strategy), using either
manual or automated test assembly (see section 2.7) or booklets. Typically, in a cal-
ibration (or field trial) study, the first version of a newly developed test (i.e., a more
extensive selection of items implemented, for instance, in CBA ItemBuilder project
files) is administered. After investigating item properties (such as item fit, see sec-
tion 2.5), items are slightly modified, and a selection of items is used to create the
test(s) using the test assembly approach of choice.

TABLE 8.3: Steps for Test Design and Assembly

Test Design and Assembly

Test Assembly Specification
Booklet Definition

Formany use cases, the following five rules are helpful in deciding how to distribute
content to Tasks and how to distribute Tasks to Project Files:

1. All content that is always administered together should be in one task.
For example, if the items that belong to a shared stimulus form a unit,
then each unit should be created as a task.

2. Content thatmight be separated after a revision or item selection should
be put into different tasks. This ensures that the CBA ItemBuilder tasks
need as little revision as possible after a field test.

3. Tasks that refer to the same pages or resources should be placed in one
CBA ItemBuilder project file. This avoids repeated copying of content
(e.g., images, videos, etc.).

4. If information from an item is needed, for instance, for a subsequent fil-
ter or jump rule, then the items involved can, in the simplest case, be
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placed in one task. In this way, the CBA ItemBuilder project files remain
as independent as possible from the specific functions of the test delivery
software.

5. Generally, the tasks (and the CBA ItemBuilder project files) should be as
small as possible.Thiswill save time inspecting and previewing the items
and allow different persons to work on different parts of the assessment.

Amoredetailed, albeit complicated, description of the dependencies is summarized
below:

Each CBA ItemBuilder Task will always contain at least one page with at least one
item.However,multiple pages (andmultiple items)within a singleTask are possible.
In order to guide the possibilities to optimize the distribution of items to Tasks and
Tasks to Project Files, but also to discuss dependencies and potential limitations, the
following section summarizes what needs to be considered when planning the use
of Project Fileswith multiple Tasks.

Tasks: Tasks are the entry-points the test-deployment software can use (see section
3.6). The primary role of a Task is to define the first page (or the first page and an
additional X-Page), shown after an assessment component has been loaded. Only
one Task can be used at once. If multiple items should be visible simultaneously, the
items need to be on the same page and shown within the identical Task (see section
2.4 for details about test design, item presentation and navigation).

RuntimeCommands:RuntimeCommands (see section 3.12) can be used to trigger ac-
tion from the current Task to the test deployment softare, for instance, to request
a navigation to the next or the previous Task. Test-taker can trigger a Runtime Com-
mands, when the Runtime Command is attached to components (e.g., Butttons). Run-
time Commands can also be triggered either by timers or by any component that can
be linked to Events (i.e., RuntimeCommands can be triggered as operators in rules de-
fined in the Finite-StateMachine, see section 4.4.6).

Pages: Tasks show either single pages (one at a time) ormultiple pages simultaneous
(either usingX-Page layout, see section 3.4.2, as Page Areas, see section 3.5.4 or using
dialog pages, see section 3.15). Each Page can be used in a Task multiple times and
different Taskswithin one Project File can share Pages (i.e., different Tasks can use the
same Pages). Links (see section 3.11) andConditional Links (see section 4.3) can be used
to navigate between Pages.

Finite-State Machine: The internal logic layer of the CBA ItemBuilder (i.e., one or
multiple Finite-StateMachine(s), see section 4.4) is defined for each CBA ItemBuilder
Project File (i.e., multiple Tasks) share the identical Finite-State Machine definition(s).
However, the Task Initialization syntax (see section 4.5) can be used to prepare the
general Finite-StateMachine definition for a particular Task.

Variables: In addition to the finite-statemachine definition, variables in CBA Item-
Builder Project Files are also globally defined and valid for all Tasks.
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Summary: The use of multiple Taskswithin one Project Files requires additional con-
siderations to make sure, the Tasks can be used independently. Dependencies can
arise based on links (see section 3.11) and conditional links, the Finite-StateMachine(s)
(see section ) and variables (see section 4.2). If information or results within parts
of an assessment needs to be shared, for instance, using Variables provided by the
Finite-State Machine, these assessment components must be implemented with one
Tasks (see, for instance, the examples provided in section 6.4.2).

Assessment content (i.e., items, units or clusters) distributed in booklet designs, for
instance, used in balanced (incomplete) block designs, must be distributed into dif-
ferent Tasks to enable an test deployment software to assemble the tests as required.
Similarly, for item-level adaptive testing or unit-level adaptive testing, the entities
that are selectedadaptively froman ItemPoolmustbe implemented in separateTasks.

Finally, if identical resourcesareused indifferentTasks (for instance, audioandvideo
files), the Tasks should be implemented in one Project File to reduce redundant files
that need to be deployed (andmaintained).

 

 

FIGURE 8.2:Example Illustrating the Distribution of Items to Tasks (html|ib).

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UseOfTasksExamples/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UseOfTasksExamples.zip


8.3 IT-Management of CBA Projects 465

8.3 IT-Management of CBAProjects

 

 

Assessment projects are often not created by one person alone. If a complete
computer-based instrument is developed, content experts, psychometricians, and
computer experts are involved. In research contexts, practical implementation of
assessment components is often supported or even delegated to student assistants.
Besides, when complex assessment software, such as the CBA ItemBuilder, is uti-
lized, user-support may be involved. Additional content experts may be asked, for
instance, to review the developed items or tasks. And when data collection takes
place in the context of more extensive empirical studies, professional survey insti-
tutes or data collection agencies are sometimes involved and contribute to the over-
all success based on their diverse experience.This large number of participants and
themany individual decisions at the content level and the technical implementation
of computer-based assessments quickly become quite complex. For this reason, it
is recommended to use project management software whenever possible, as briefly
described in the following section.

8.3.1 Use of ProjectManagement Software

First of all, personalized user accounts are needed to use project management soft-
ware for preparing computer-based assessments in teams or groups. The user ac-
counts might be organized using groups with different roles and permissions. Per-
sonal accounts that are not shared between users are prerequisites for efficiently
dividing tasks between people and assigning changes to specific users.

To distinguish and structure different phases of creating, testing, piloting, and de-
livering computer-based assessments, project management tools provide the con-
cept of versions ormilestones.The actual work steps are then divided into parts (issues
or tasks) andmanaged in an issue tracker. Each topic or ticket can then be assigned
to a user and processed by them individually or assigned to other users for work
sharing. Observers can be registered, informed about the progress of the process-
ing of a task. Typically, issues or tasks can be structured hierarchically and com-
bined into superordinate work packages. Projectmanagement software can be used
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to process tasks using well-defined workflows (e.g., tickets of a particular category
can be assigned to one of the states ‘new’, ‘in progress’, ‘review’, ‘feedback’, ‘solved’
and ‘closed’). Each ticket is typically dedicated to one separate topic, and the indi-
vidual tickets can be assigned to milestones or versions. In that case, the progress
within the issue tracker can be automatically used to create a roadmap that shows
which work steps still need to be completed before the next milestone is reached.
Finally, project management tools also provide assistance for knowledge manage-
ment, for example, by providingWiki pages or additional storage for documents or
files.

Open-source tools that canbehosted on your own servers are, for instance, Redmine
(Lesyuk, 2013; Pavic, 2016), OpenProject or Gitlab (Hethey, 2013; Baarsen, 2014). If
the assessment content does not require special protection, public cloud solutions
such as Github can also be used (Tsitoara, 2020).

8.3.2 Use of Version Control Software

First, the answer to the obvious question:Why is version control helpful for develop-
ing computer-based assessments?The explanation refers to the nature of computer-
based assessments. Computer-based assessments are created using different soft-
ware tools. A deployment software (see chapter 7) is used, for instance, togetherwith
a Web Browser or a browser component, to show the assessment to test-takers or
participants.Moreover, the test content is either createdwith an authoring software
for the test content (suchas theCBA ItemBuilder) or is specifically programmed (i.e.,
implementedwith a particular programming language). Altogether, all components
together create the computer-based assessment, typically stored in multiple files.
Accordingly, a tool that keeps track of all files and identifies differences between
files and folders is useful for preparing computer-based assessments. Techniques
that originated in software development has proven useful for managing and cre-
ating assessments. Version control software allows one or more users to managage
anddocument the status of a set of files (referred to as a repository) andmake changes
traceable at the level of individual files. Moreover, a verbal description for changes
in files is documented using so-called commit-messages.

Since item authors and users of the CBA ItemBuilder may not be familiar with the
idea and concrete implementation of version management software, we describe
two popular systems in more detail below. However, version control software is a
also a key component in the context of Open Science and Reproducible Research
(Christensen et al., 2019).Thedevelopment environment forR (RStudio) for example
comes with Git integration (Gandrud, 2020).

8.3.2.1 SVN / Subversion

Often, project management software can be configured already to support the cre-
ation of repositories for version management. A project can then be assigned one

https://www.redmine.org/
https://www.openproject.org/
https://gitlab.com/
https://www.github.com/
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or more repositories, each of which supports a specific version management tech-
nique. The use of two such methods will be described in some detail: Subversion
(SVN) and Git.

Overview: Subversion (SVN) is less complex thanGIT, which is whywe describe this
methodfirst. Versionmanagement generallymeans that all files and documents be-
longing to a project are stored in a common repository. In the context of SVN, this
repository is always on a server, i.e., usually accessible via a network. Only selected
users have access to the repository. If SVN is used in combination with a project
management tool, all registered users with the appropriate permission can access
the repository. Every file is stored in the central repository in all created versions.
Files can be added to the SVN repository using the commit operation. Check-out or
update transfers or updates the files from the central repository to a local working
copy (see Figure 8.3).

 

 

FIGURE 8.3: SVN: Repository andWorking Copies (Mason, 2006).

All users of an SVN repository work with local copies and can adjust, modify, delete,
and add newfiles (or folders) in theworking copy of the repository. After completing
a particular step (e.g., after changing the assessment according to a specific ticket
from the issue tracker), the changes are submitted collectively to the repository (i.e.,
checked-in with the help of a commit command). For that purpose, the individual
changes are described in a commitmessage so that it is traceablewhich changeswere
checked-in. Suppose the changes are related to a specific ticket. In that case, the
ticket number can be specified in the Commit message, for example, to document
the changes in a traceable manner.

RepositoryURL: A repository URL identifies SVN repositories. If a public domain is
used, they are thus globally unique. For example, the repository URL could look like
this: https://{example-domain.org}/svn/{project-title} If the version management
is integrated into a projectmanagement software, then the repository URL can usu-
ally also be retrieved there.

Revision: To manage the different versions, SVN uses the concept of revisions. A
repository is always in a concrete revision (starting with zero). Each commit, i.e. all
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changes to one or more files that are submitted at the same time, increases the re-
vision number by one. The SVN repository stores the complete history of changes,
i.e. for eachfile its content can be exactly determined (and if necessary also restored)
to a specific revision. If you know the repository URL of an SVN and a specific revi-
sion number, then the content is also uniquely referenced.

Requirements: Many project management tools allow you to view a repository on-
line in the browser and, for example, browse through revisions and, if necessary,
follow the links to the issue tracker. However, client software is required to work
with an SVN repository locally.

 

 

To use an SVN repository, client software is required.

Different software tools for the different operating systems can be used toworkwith
SVN repositories. For Windows, for example, TortoiseSVN is quite widespread, a
free edition of an SVN software for MacOS offers, for example, SmartSVN.

Check-out: After installing an SVN client (e.g., TortoiseSVN), a working copy can
be created locally for an existing repository. Even for a repository that is empty un-
til then (i.e., revision 0), working with an SVN starts with a first check-out. The first
check-out will create the working copy locally and connects the local folder to the
SVN repository. If the repository is already filled with files and folders (i.e., in a re-
vision greater than zero), then all files are downloaded and cached locally during the
check-out. As soon as the check-out is completed (at a particular revision), it will be
possible to work, modify, and, if necessary, even execute files in the working copy.

 

 

Theworking copy of an SVN repository is stored in a local directory.

Checking out an SVN repository works the same way if there are already files in the
repository.

Commit:The localworking copyof anSVNrepository canbeworkedwithin the same
way as any other directory. After an intermediate (completed) state is reached, the
files can be committed to the repository via theCommit command. For this purpose,
the SVN client displays the files that have been changed. The selection to be trans-
ferred can be made and described with a commit-message. Afterward, the changed
files are transferred over the network, and the revision number of the SVN reposi-
tory increases by one. Newly inserted or files that were not yet under version control
must be added to the repository with Add.

https://tortoisesvn.net
https://www.smartsvn.com/
https://tortoisesvn.net
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After committing changes to an (SVN) repository, it is possible to track the history
of changeswithout renaming thefiles. SinceCBA ItemBuilderProject Filesmustnot
be renamed (see section 3.2.1), a version control system is recommended.

Save changes (for instance, in the CBA ItemBuilder) before committing files.

Update: As soon as more than two working copies are used (e.g., because several
people are involved in the preparation of a computer-based assessment), the current
status of aworking copymay be out of date. For SVN repositories, thismeans, in the
simplest case, that the current revision of the working copy is smaller than themost
recent revision on the server (in the repository). If no files have been changed in the
outdated working copy, a simple update can be used to update the working copy.

Check forModifications:The question ofwhether files or directories in a localwork-
ing copy have changed, been added, or deleted can be easily checkedwith the help of
SVN. For this purpose, the function Check forModifications is available, with the help
of which a comparison of the working copy can be displayed with its current revi-
sion. This function can also be used to check whether an existing working copy still
contains modified files that are not yet under version control.

Conflicts: As long as parallel changes in the SVN repository always affect different
files, Commit and Update allow all users of the SVN repository to edit files in parallel
and to share themusing the repository.However, if two usersmake parallel changes
to one or multiple identical files, so-called conflicts occurs. Conflicts can be related
to files (file conflict) or to the directory tree (tree conflicts). Conflicts occur when
executing the update command. If user A tries to commit a file that was changed and
committed already by a different user B, SVN requests to update the working copy
for user A if he or she tries to commit changes. Since the SVN repository is agnostic
against its content, conflicts need to be resolved by users. With existing conflicts,
no commits are possible. A graphical user interface (or the explorer integration of
TortoiseSVN using the context menu) is of great value for resolving conflicts.

Advanced Features: A complete introduction to all features, options, and possibili-
ties of versionmanagementwith SVNwould go beyond this book’s scope.Therefore,
only the keywords for selected advanced features will be mentioned and briefly ex-
plained in the following:

• Merging: SVN attempts to combine changes in the repository with local changes
that have not yet been committed when updating.This process is calledmerging. If
this does not succeed, a conflict occurs.

• Ignored Files or Folders: Files or directories that should not be part of the reposi-
tory but are located within the working copy’s directory can be excluded from the
SVN. For instance, this function is useful if an assessment software that is part
f the SVN, result data are written into a subdirectory, and test possible test data
should be excluded from the repository.

https://tortoisesvn.net
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• Diff: For files in text format (i.e., explicit text documents, but also files with pro-
gram syntax and files in CSV, DAT, INI, XML, JSON, YAML, and similar formats),
the difference from a previous version can be easily displayed directly in SVN.The
display of differences (diff) is beneficial, especially when the commit-message is
not meaningful. SVN client tools (such as TortoiseSVN) create diffs for other file
formats. Unfortunately, the simple visualization of differences of non-text based
file formats (i.e., images, but also ZIP archives and CBA ItemBuilder project files) is
often not possible.

• Revert: Inorder to restore aprevious state of theSVNrepository, the revert function
can be used to restore an earlier revision of the files and folders of the repository.

Version management using SVN can also use tags and branches, and has a concept
for locking of files (see for more details, for instance, Mason, 2006).

Summary: Version control allows to prepare and develop computer-based assess-
ment usingmultiple files in repositories.The critical benefit of using version control
compared to other file sharing approaches (e.g., cloud storage) is that modification
of files are documented (using commit messages) and that conflicts (i.e., modifica-
tion of identical part of the repository by multiple users) are detected (and infras-
tructure to handle conflicts is provided). Moreover, the revision number (of SVN
repositories) can be used to exactly define the version of all2 files used for deploy-
ment of a computer-based assessment (i.e., for a particular data collection).

8.3.2.2 GIT

As amoremodern alternative to SVN, the basics of versionmanagement with Git is
now briefly described.

Overview: Git, unlike SVN, is a distributed versionmanagement system.This allow
to use Git to manage different versions before pushing changes over a network to a
remote repository. This two-step process of commits adds some complexities com-
pared to SVN. However, it allows using Git (i.e., to perform almost all operations)
locally.

Repository URL: For GIT, the remote repository is addressed via a URL. How the
URL looks exactly depends on the way of communication with the server. Possible
protocols are https and ssh.

Commit Hash: Instead of an incremental revision number (that is used by SVN),
each commit in git is identified by an SH1 hash. To identify a commit, the hash short-
ened from 40 characters to 6-8 characters is often displayed in the git history. In-
stead of taking the largest revision number, git uses a HEAD as a named pointer to
a specific commit, representing the current commit (of a given branch).

Requirements: Various cloud services (e.g., github) and project management tools

2Not that file hashes are typically only used for single files.

https://tortoisesvn.net
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FIGURE 8.4:GIT: Remote Repository and Local Repositories.

offer the possibility of creating git repositories and viewing them in the browser.
Files can often also be edited or uploaded in the browser and changed directly in the
repository via commit.

 

 

To use git, client software is required.

Git clients for all platformscanbedownloaded fromhttps://git-scm.com).Git clients
are directly integrated in a number of tools (e.g., RStudio) and there are graphical
tools for git (e.g.GitHubDesktop, SourceTree, andmanymore) aswell as aWindows
Explorer integration (TortoiseGit).

A full introduction to git is not necessary for organizing assessment projects and is
beyond the scope of this chapter (see, e.g., Tsitoara, 2020). In the following, only the
basic steps necessary to use git without branches to manage files will be described.

Clone: Before working with files in a local working copy of a git repository, a copy
of the repository is required.This can be created for empty and already used repos-
itories via the Clone command. Compared to SVN (where checkoutwas used for this
step), git uses clone to download not only the current commit (HEAD) but also all
previous versions of files and all changes in the local repository.

StagedFiles: Fileswithin theworking copy are, analogous to SVN, not automatically
part of the repository. For that theyhave to be addedwithAdd.Git thendifferentiates
between the states for files shown in Figure 8.5.

New files are initially ignored by git, i.e. their contents are untracked. When a file is
added, git marks it as staged. A snapshot of the staged files can be created in a git
repository via commit. After that the state of the compressed files is umodified until
they are edited or changed.Then they aremarkedasmodified. Before editedfileswith
the status modified can become unmodified files again via Commit, they undergo the
status of staged files again.Unmodified files can be removed from the repository (i.e.,
marked as untracked).

Commit: Trackedfiles that have beenmodifiedor added (i.e. files in the staged status,

https://git-scm.com/
https://tortoisegit.org
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FIGURE 8.5: Lifeciycle of file satus in git.

seefigure 8.5) canbe commented.Graphical tools for git often show thefiles in staged
state or allow to stage all files that have beenmodified by a simple selection.

 

 

After committing changes to a git repository, it is possible to track the history of
changes without renaming the files. Different versions of files stored in git repos-
itories can be be used locally.

Analogous to SVN, a commit message is required for each commit, which is then
used in the git history to describe the changes. The snapshot of the files from the
working copy createdwith thehelp of a commit ismarkedwith ahash at git and stored
in the local repository.

Push: After committingfiles the additional push command is required to transfer the
commit, which ismade on a local branch of the git repository to a remote repository
(see Figure 8.4).

Fetch: Whenmultiple users push to a git repository, commits made by another user
can be retrieved with Fetch. This makes the repository aware of changes, but Fetch
does not yet integrate them into the local working copy.

Pull: Only with the command Pull will changes pushed to the repository by other
users be downloaded and copied to the local working copy. If conflicts occur, these
must be resolved and solved via amerge commit. Git provides the options use ours and
use theirs for this.

Additional Features:The git tool, popular in software development, goes far beyond
the features and functionality needed to manage (binary) assessment components
in the form of CBA ItemBuilder Project Files.

• Tagging: Since each commit is only marked with a hash, this is not well suited for
naming a specific version (e.g. the tested final version of an assessment). For this
purpose, the option of tagging can be used in git, where a concrete state of a repos-
itory is named with a (readable) label (e.g. v1.0).
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• Branches: Git has a sophisticated concept for Branches, i.e. for the division into sev-
eral areas, in which files with the same name can have a different status. For ex-
ample, when changes are made by different users at the same time, git automat-
ically creates Branches. Branches can also be used to test and develop changes in a
protected section,while themain section remains usable. Often,Branches are used
systematicallywith git, for instance,whenever anew feature is to bedeveloped and
tested. A popular strategy for this approach is git flow.

• Revert and Reset: Git provides several ways to access previous commits in a reposi-
tory. Especiallywhen several userswork in a commongit repository, it is necessary
to choose carefully here. In order to track the history of CBA ItemBuidler Project
Files and to revert to a previous version if necessary, it is often sufficient to display
the git history in the browser if the changes were committed to the central repos-
itory via ‘push’. Project Files in earlier versions can then be downloaded and reused
if changes are to be discarded.

• Similar to SVN, git can also ignore individual files or files of a certain type or in a
certain directory via the .gitignore file.

Summary: Git is a complex and powerful version control system whose basic fea-
tures can also be used to manage assessment projects. It is superior to SVN for this
task if the versions are not stored in a central repository and are to be managed lo-
cally even without a network connection.

8.3.3 Workingwith Project Files as ZIP Archives

 

 

CBA ItemBuilder Project Files contain information that can be read manually or
automatically from ZIP archives.The ZIP archive is not changed in the process.

Extract CBA ItemBuilder Version: Each CBA ItemBuilder file contains a file
{Project-Name}.json. In this JSON file, which can be read with a text editor, the sup-
ported version of the CBA ItemBuilder (runtimeCompatibilityVersion) is directly in
the first line.

Extract Scoring Information: Suppose many CBA ItemBuilder files are to be tested
automatically and integrated into delivery software. In that case, it is a good idea to
automatically check the transfer of result data (i.e., the scoring). For this purpose,
the scoring can be read out automatically from the JSON file included in the CBA
ItemBuilder project files.3

Reading Metadata: CBA ItemBuilder Project Files contain metadata for describing

3See here for an example.

https://github.com/kroehne/IRTlibExtractItemBuilderScoring
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the content (see section 6.3.4). Metadata can be found in the file metadata.xml. This
XML-file following the Dublin Core specification can be extracted from the ZIP
archives.

TABLE 8.4: Content of CBA ItemBuilder Project Files required at Runtime

Folder/File Description

stimulus.json Metadata and information about the tasks
config.json Runtime definition of the tasks
resources/ Resource files required for the task
external-resources/ External resources required for the task

Runtime Code: The CBA ItemBuilder Project Files fulfill two functions. They allow
modifying, editing, and previewing of items using the CBA ItemBuilder desktop
program. In addition, they can be used with existing deployment software (see, for
example, section 7.5) or by programmers using the TaskPlayer API (see section 7.7)
to execute assessments. Files and directories required at runtime are listed in Table
8.4. Files and directories required for editingwith the CBA ItemBuilder are summa-
rized in Table 8.5.

TABLE 8.5: Content of CBA ItemBuilder Project Files required atDesign-Time

Folder/File Description

metadata.xml Metadata defined in the Project File (see section 6.3.4)
internal.json Internal project information used by the CBA

ItemBuilder
global_1_1.xlf XML file containing texts for translation in

XLIF-format
global.cbavaluemap XML file containing the definition of ValueMaps
global.cbaitemscore Scoring definition (with reference to dsl-file in folder

scoringResources/
scoringResources/ Folder with dsl-files containing Scoring Conditions
global.cbavariables XML file containing the definition of Variables
global.cbalayoutsettings XML file containing the layout definition for Tasks
conditionFiles/ Folder with dsl-files containing Conditional Link

Conditions
global.emfstatemachine XML file containing the State definitions
statemachineFiles/ Folder with dsl-files containing Finite-StateMachine

syntax
{page}.cbaml/.cbaml_diagram Page definition edited with the CBA ItemBuilder for

each {page}
project.properties Global properties of the Project File
.project (Can be ignored.)

https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
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Editing Project Files outside of the CBA ItemBuiler as ZIP archives can easily de-
stroy the files.Make changes only to files in the directories resources and external-
resources and make backup copies in any case, or use version management (see
section 8.3.2).

Replace Resource Files: Images, videos and audio files added to CBA ItemBuilder
Project Files via the Resource Browser (see section 3.10.1) are included in the ZIP
archives in the sub-directory resources. If the file names (incl. upper and lower case)
and the file formats (incl. the file extension) remain identical, resource files can be
exchanged, modified, and updated even without the CBA ItemBuilder in the ZIP
archives. The resolution (pixel width times height) for image and video files should
remain the same to guarantee that the resources are appropriately rendered during
runtime.4

Add ExternalPageFrame Resources: If in CBA ItemBuilder Project Files content is in-
serted as ExternalPageFrame, then the files are included unchanged in the directory
external-resources of the ZIP archive. Content can be added to ZIP archives (i.e.,
CBA ItemBuilder Project Files) using the EmbeddedHTLMExplorer (see section 3.14.2).
As long as the Page Address (see Figure 3.151), i.e., the file which is directly included
by a component of type ExternalPageFrame remains identical, the external resources
in the directory external-resources can also be updated, added or inserted directly
in the ZIP archive.

Edit ValueMaps: Defining complexValueMaps using the editor provided by the CBA
ItemBuilder (see section 4.2.4) can be cumbersome. The definition of Value Maps is
stored in the file global.cbavaluemap inside of the CBA ItemBuilder Project Files. The
followingXML shows the content of the file global.cbavaluemap used for the example
item shown in Figure 4.14 (see section 4.2.4).

<?xml version="1.0" encoding="UTF-8"?>
<valuemap:ValueMapper xmi:version="2.0" xmlns:xmi="http://www.omg.org/XMI"

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns:valuemap="http://valuemap.softcon.de" version="VERSION_01_01">
<valueMaps xsi:type="valuemap:DiscreteValueMap" name="M_Example">
<entries guard="1" text="Red" image="1.fw.png"

audio="red.mp3" video="red.mp4"/>
<entries guard="2" text="Red-Yellow" image="2.fw.png"

audio="red-yellow.mp3" video="original.ogv"/>
<entries guard="3" text="Green" image="3.fw.png"

audio="green.mp3" video="green.mp4"/>
<entries guard="4" text="Yellow" image="4.fw.png"

4An example for adjusting the audio volume of embedded audio files can be found here.

https://github.com/kroehne/IRTlibAudioInZipNormalizer
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audio="yellow.mp3" video="yellow.mp4"/>
</valueMaps>

</valuemap:ValueMapper>

As long as the structure of the XML file remains valid and all resources exist (i.e.,
images, audio and video files mentioned in the XML attributes are included in the
Project File), the file global.cbavaluemap can be extracted from the ZIP archive, edited
in a text editor (or XML editor) and copied in the ZIP archive again. To make sure
the CBA ItemBuilder Project File remains valid, open the file in the CBA ItemBuilder
and preview all Tasks after changing the file global.cbavaluemap.

8.3.4 Use of Continuous Integration/ContinuousDelivery

Continuous Integration (CI) and Continuous Delivery (CD) refers to techniques devel-
oped in software engineering, for automatically updating software environments
enforcing automation in building, testing and the deployment of applications.
CI/CD is organized in so-called Pipelines, which are code scripts executed based on
triggers, such as Push commands in git repositories (see section 8.3.2.2).

Content created as Project Fileswith the CBA ItemBuilder can be used together with
the TaskPlayer API (see section 7.7) in CI/CD-pipelines. The converter described for
the integration of CBA ItemBuilder items as PCI components into TAO (see section
7.4) is based on a Github workflow. The pipeline that is shared as a Github tem-
plate project (see the project fastib2pci) is configured to automatically build the PCI
components using CBA ItemBuilder Project Files committed to the corresponding git
repository.

8.4 Testing CBAProjects

 

 

A downside of themany advantages of computer-based assessments (see section 2.1

http://taotesting.com/
https://github.com/
https://github.com/
https://github.com/DIPFtba/fastib2pci
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is that the more interactive (and innovative) assessment items are, the more sen-
sitive the created content is to errors and potential glitches. Potential issues that
require (sometimes) intensive testing can be functional (e.g., a missing NEXT_TASK
command, see section 3.12.1), or affect only the layout and presentation of tasks (see
section 6.8.5 for tips).

Moreover, since different software components and multiple steps are usually in-
volved in generating assessment content, finding errors and testing assessment
projects can be complex, requiring a systematic approach. The most crucial part of
implementing CBA assessment projects is understanding and developing a notion
ofwhat needs to be tested andwhen testsmayneed to be repeated if specific changes
have beenmade to a test delivery or the components used.

TABLE 8.6: Steps for Testing

Testing

Cross-Browser Testing (when required)
Component Testing / Scoring Testing
Integration Testing / Data Storage Testing

8.4.1 Testing Cross-Browser Compatibility

The items created with the CBA ItemBuilder are displayed in the browser with the
help of a runtime (see TaskPlayer API in section 7.7) and, if necessary, other addi-
tional software components of the delivery software. In the current version, theCBA
ItemBuilder runtime is implemented in JavaScript based on the React framework
and tested with the CBA ItemBuilder in the current browsers at the time of release.
However, additional functionality provided by the used browser or the used browser
component is always necessary to display the items. Browsers are subject to contin-
uous development and change, and several differences exist between browsers on
devices with different operating systems.

The dedicated testing of CBA ItemBuilder content in different browsers is necessary
if A) browsers are used which had a low penetration at the time of the release of the
CBA ItemBuilder version (e.g., browsers on specific devices like SmartTVs) or were
still unknown (e.g., newer browser versions after the release of a specific CBA Item-
Builder version/runtime). Cross-browser testing is B) also necessary if any content
is included via the ExternalPageFrame interface that was either implemented specifi-
cally for an assessment or has not yet been tested in the intended browsers.

RunningPreview inSpecificBrowser:Theassessment figures createdwith theCBA
ItemBuilder can be viewed in the browser directly from the authoring tool (see sec-
tion 1.4). By default, the system browser is used, i.e., the browser registered Web
browser on the local computer used to run the CBA ItemBuilder. After a preview has
been started, theURLopened in thedefault browser canbeopened inotherbrowsers
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if they are installed locally on the computer. In this way, assessment content can be
viewed and checked in different browsers.5

UsingExternalTools forCross-BrowserTesting:SinceCBA ItemBuilder createdas-
sessment components are generated as HTML output for integration into test de-
liveries, tools for testing websites in different browsers can also be used to verify
cross-browser compatibility.

Key technologies for automating website testing such as Selenium or PlayWright,
and the various solutions for automated website testing on various devices can be
used to test cross-browser comparability. Cross-browser testing is suggested in par-
ticular when external components are embedded into CBA ItemBuilder project files
using the ExternalPageFrame-component (see sections 3.14 and 4.6.2), of if CSS adap-
tations are used (see section 6.3.3).

8.4.2 Testing Assessments Using Synthetic Data

For the further test steps shown in table 8.6, it has proven helpful to consider the
structure of assessment projects. Assessments generally consist of many individual
components (items and units, as well as instructional components like tutorials).
The Components are administered either in a fixed sequence (see Fixed Form Testing
in section 2.7.1), in different booklets or rotations (see section 2.7.2) or in individ-
ualized sequences (seeMulti-Stage Testing in section 2.7.3 and Computerized-Adaptive
Testing in section 2.7.4).

An essential first step is Component Testing to ensure that test cases systematically
cover the specific conditions of all components.Thismeans that the individual com-
ponents (i.e., items or units, instruction pages, tutorials, etc.) are tested separately.

ComponentTesting /ScoringTesting: Component testing regarding the behavior of
items can be combined with scoring testing of individual items. Depending on the
complexity of the evidence identification rules used to define the scoring, scoring
testing might be trivial (for instance, to make sure that the selection of radio but-
tons is appropriately captured). However, it can get more complex if, for instance,
multiple pages are used and themissing-value coding is included in the scoring def-
inition.

 

 

Howtodo thiswith theCBAItemBuilder?The itemauthors canbest testCBA Item-
Builder tasks in scoring and functioning if they have also defined the rules for ev-
idence identification and evaluating responses and concrete test-taker behavior.
For this reason, the CBA ItemBuilder provides a possibility with the Scoring-Debug
Window (see, for instance, section 5.1), how component tests of single Tasks can be

5The regular URL is http://127.0.0.1:7070/app/. In this URL 127.0.0.1 is the local IP address, 7070 is
the Port used by the CBA ItemBuilder for any preview (see appendix B.4).

https://www.selenium.dev/
https://playwright.dev/
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executed directly from the preview and repeated several times byReload of the pre-
view. If necessary, the scoring can also be checked by persons who have not dealt
with the CBA ItemBuilder in depth (see the Quick Start: Explore Scoring in section
1.5).

To test the scoring, the individual assessment components must first be identified.
For each item, all the different correct and incorrect solutions should be system-
atically entered, produced, and checked. If several items or ratings are contained
within a component, it is recommended to check to what extent they are indepen-
dent. If the defined scoring rules reveal dependencies, then the scoring check of
the individual components should also consider all combinations, as far as possible,
with reasonable total effort.

 

 

How to do this with the CBA ItemBuilder? Component Testing of CBA ItemBuilder
content becomes more straightforward if multiple small tasks are created and
stored in (independent) Project Files (see section 8.2).

For organizing the testing of CBA projects, it is recommended to use a version con-
trol system and to organize the process using an issue tracker (see section 8.3).

Integration Testing / Data Storage Testing: Data storage (typically for result data)
uses the single assessment components integrated into the test deployment soft-
ware. A systematic approach is based on Click Pattern (also calledMock Cases), mean-
ing pre-defined responses to all items in a test or booklet. To verify the entered re-
sponses (synthetic data) with the results collected by the assessment software, the
data post-processing (see section 8.6) should be in place (end-to-end testing).

For pragmatic reasons, the use of screen recording software (e.g., OBS Studio) to
check the scoringmay also prove helpful. If the screen is continuously recorded dur-
ing the scoring check, then possible input errors can be identified more quickly in
the event of inconsistencies.

Missing or skipped responses, time constraints, timeouts, and special test events,
such as test leader interventions or test terminations at defined points, should be
included in the mock cases so that missing coding can be checked later.

 

 

How to do this with the CBA ItemBuilder? In the current version of the CBA Item-
Builder,Classes are usedwithin the Project Files to define result variables whose val-
ues are either categorical (hit or miss Scoring Conditions) or non-categorical (when
the result-text()-operator is used). In addition, the delivery software can use a

https://obsproject.com/
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codebook to translate them into variables (with customized variablenames andvari-
able labels) and, for categorical variables,with (newly defined) variable values (e.g.,
of type integer) and with additional value labels.

Please note that if item selection is also dependent on random processes in the con-
text of adaptive testing, for instance, aspart of exposure control, then the algorithms
for item selection must be tested as an additional step. Testing adaptive algorithms
is done, for instance, in pre-operational simulation studies, if the algorithms used
for operational testing are accessible for simulation studies as well.

Verification of LogEvents: As described in the section 2.8, the theory-driven collec-
tion of log data is increasingly important. Various possible process indicators can be
extracted from log data, providing information about emotional and cognitive pro-
cesses during test and itemprocessing. Log data thus provide the basis for a possible
improvement in the interpretation of test scores and, if use is planned, should be re-
viewed before an assessment is conducted. When verifying and checking log data,
special attention should be paid to the fact that log events depend on their context
(ContextualDependency of LogEvents).Therefor, verifying and checking log eventsmay
require a reconstruction of the context from previous log events.

 

 

How to do thiswith theCBA ItemBuilder? Inspection and verification of log events
is possible in the state of Component Tests within the CBA ItemBuilder Preview us-
ing the build-in Trace-Debug Window (see section 1.6). Moreover, the data post-
processing workflows (see section 8.6 available for the different deployment ap-
proaches also allow inspecting the log data as part of the testing procedures of CBA
projects.

8.5 Running Assessments

After the preparation and testing of assessment projects, the actual data collection
(fieldwork) takes place.The data collection can be releasedwith a specific revision or
tagged version status if a software tool is used to version the assessment content (see
section 8.3.2). Suppose this revision number or version information is also stored
in the survey data. In that case, it can be traced which exact version was used for a
test-taker, even in the case of longer data collectionphases andpossible adjustments
during the field time.
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TABLE 8.7: Steps for Test Administration / Data Collection

Test Administration / Data Collection

User Management / Authentication
Test Deployment

The steps summarized in table 8.7 start with UserManagement / Authentication. If as-
sessments are embedded intoother (digital) environments or (longitudinal) designs,
information might be linked to the identifiers used for test-takers authentication
(e.g., as log-in or token). These so-called pre-load variables need to be handled by
the test deployment software (see, for instance, section 7.5). Special focus is also on
identifier used for persons (usermanagement / authentication), as these identifiers
might need to be replaced during data post-processing.

While the assessment is running typical using one or multiple (mixed-mode) deliv-
erymodes described in section 7.2.1, intermediate datamight be available to start data
processing while the data collection is running (for instance, by providing the Raw
Data Archives of already completed assessments incrementally). If CBA is integrated
into a computerized survey with evenmore components (e.g., questionnaires or in-
terviews), then selected data from the assessment can also be taken over directly for
field monitoring (e.g., in the form of a monitoring file, see section 7.5.7).

8.6 Data Processing after Assessments

The data preparation process should be already tested as part of the Integration Test-
ing (see section 8.4.2). For this purpose, the required routines (e.g., R scripts) should
already have been created prior to data collection and tested with the help of syn-
thetic data. Testing is complete if it is verified that the central information canbede-
rived from completing tasks required for identifying evidence about the test-taker’s
knowledge, skills, and abilities.

TABLE 8.8: Steps for Data Preparation / Reporting / Feedback

Data Preparation / Reporting / Feedback

Data Preparation
Coding of Open-Ended Responses
Final Scoring / Cut Scores / Test Reports
Data Set Generation / Data Dissemination
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How to do this with the CBA ItemBuilder? The simplest case for Data Preparation
of assessment projects using the CBA ItemBuilder are studies in which the Code-
book andMissingValueCoding are already included in thedeployment software. If all
instruments are implemented using CBA ItemBuilder content and if no External-
PageFrame content is used, the required data preparation for result data boils down
to combining data stored in case-wise individual raw data archives into a data set in
the desired file format.

Data Preparation: Data preparation can begin during data collection if intermedi-
ate data are provided or made available. Typically, the data is generated in smaller
units (i.e., sessions) in which a test-taker processes a set of tasks compiled for him
or assigned to him via pre-load information. The data on a test taker, as provided
by the assessment software, can be understood as a Raw Data Archive. Analogous to
the scans of paper test booklets, these RawData Archives (for example, combined as a
ZIP archive) are the starting point for data preparation. If raw data from computer-
based assessments must be archived in terms of good scientific practice, then this
canbeunderstoodas the requirement for long-termstorageof theRawDataArchives.

A first step often required to describe the collected data as pseudonymized or
anonymized is the exchange of the person identifiers (ID change) that were used
during data collection. Person identifiers might be used as the file name of the Raw
Data Archives and might be included in several places. Since the Raw Data Archives
should not be changed after data collection, the data processing means extracting
the relevant information from the RawData Archives and changing the person iden-
tifier in the extracted result data and the extracted log data.

Approaches known forOpen Science andReproducible research (Gandrud, 2020) should
be used (i.e., using scripts that are maintained under version control), to allow re-
running the complete data preparation starting from the Raw Data Archives to the
final data sets. If the data preparation is carried out entirely with the help of scripts
(e.g., using R), later adjustments are more straightforward. Possible adjustments
include deletion requests for the data of individual test-takers, which might other-
wise be cumbersome if, for example, a large number of data sets is created due to
the collected log data (see section 2.8).

 

 

How to do this with the CBA ItemBuilder? For automatic and script-based pro-
cessing of data collected with the CBA ItemBuilder and selected delivery software,
the readout of raw data archives can be automated with the R package LogFSM (see
section 2.8.5).

Coding of Open-Ended Responses: Operators described in chapter 5 for the CBA
ItemBuilder for evaluating so-called Open-Ended Answers are currently limited.
Open-ended answers (such as text answers) can only be scored automatically to a
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minimal extent (in the CBA ItemBuilder, only with the help of regular expressions).
More modern methods of evaluating open-text responses using natural language
processing methods [NLP; see, for instance, Zehner et al. (2016)] might require a
two-step procedure. Training data are collected in the first step and not evaluated
live during test-taking. Afterward, classifiers are trained based on NLP language
models or adapted in the form of fine-tuning. Once such classifiers are available,
the answers canbe automatically evaluatedby test-takers and transferred to thedata
set.

A similar procedure applies to graphical answer formats (e.g., when an External-
PageFrame allows test takers to create a drawing for their answer). For the creation of
training data as preparation of an automatic coding or if answers are to be evaluated
exclusively humanly, the open answer must be extracted from the raw data archives
for an evaluation process (Human Scoring).

 

 

How to do this with the CBA ItemBuilder? Using the data collected during run-
time (in particular using the so-called Snapshot) the TaskPlayer API can be used to
restore the item in exactly the state inwhich the itemwas left by the test-taker.This
allows to build solutions for human coding of open responses. Note that if content
is embedded using ExternalPageFrames, the JavaScript/HTML5 content embedded
into CBA ItemBuilder items must implement the getState()/setState()-interface
to collect the state of the ExternalPageFrames on exit and to allow to restore the con-
tent for scoring purposes (rating).

Final Scoring: The decision of whether items already score the responses (scoring)
or whether only the raw responses (i.e., the selected items, entered texts, etc.) are
collected at runtime ismade differently for different assessments. As long as the re-
sponses are not needed for filtering or ability estimation (see section 2.7), there is no
critical reasonwhy scoring shouldnot be performedas part of post-processing.Only
if created assessment content is shared (see section 8.7.3) is it helpful to define the
scoring, for instance, directly within the CBA ItemBuilder Project Files (i.e., the files
to be shared), because this way, items are automatically sharedwith the appropriate
scoring.

CutScores and ItemParameters: Even if the scoring, i.e., for example, themapping
of a selection to a scoring (correct, wrong, partially correct), can be part of the item
(i.e., is implemented, for instance, using the scoring operators described in Chapter
5), the ItemParameters and potentialCutScores (i.e., threshold values for estimated la-
tent abilities) are not considered to be part of the assessment content, because these
parameters might either not be known when a newly developed instrument is used
for the first time or the values might depend on the intended target population.
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How to do this with the CBA ItemBuilder? To implement adaptive testing (i.e., a
dynamic selection of Tasks during testing, see section 6.7.2), Item Parameters are
needed. Depending on the deployment software used, the Item Parameters can be
stored, for example, as an Item Pool (see section 7.5.5) or used in an R function (see
section 7.3.3).

Test Reports: Different parts of an assessment software might be responsible for
feedback either during the assessment (see section 2.9.1), or after data processing and
scoring of open-ended responses (see section 2.9.2). Hence, reports can be gener-
ated either online (as part of the assessment software) or offline (as part of the data
processing).

 

 

How to do this with the CBA ItemBuilder? You can implement basic examples of
using CBA ItemBuilder items with automatic, out-of-the-box feedback using the
R package ShinyItemBuilder (see section 7.3.5).

Data Dissemination: The provision and distribution (i.e., dissemination) of data
from computer-based assessments, for example in research data centers, can be
done for Result Data and Process Indicators in the typical form of data sets (one row
per person, one column per variable). Since the different assessment platforms and
software tools provide log data in different ways, log data can be transformed into
one of the data formats described in section 2.8.4 as part of the data processing after
an assessment.

8.7 Documentation and Archiving of Computer-Based Assess-
ments

 

 

Theassessment cycle introduced in thebeginningof this chapter (seeFigure8.1) con-
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tains theDocumentation&Dissemination as the last component. In general, documen-
tation canbeunderstoodwith respect to the items (i.e., the instrument) and the data
(see Table 8.9).

TABLE 8.9: Steps for Documentation

Documentation

Item and Instrument Documentation
Data and Log-Data Documentation

Archiving and documentation of computer-based assessments can have different
objectives. The first central question is whether there is a link to research data that
has already been collected. Hence, the software’s archiving often takes place in the
context of the data archiving so that questions regarding the interpretation or un-
derstanding of the existing data can be answered concerning the used software. In
this case, the software used should be provided along with the assessment content
(i.e., tasks, instruction pages, etc.) as closely as possible to how they were used to
collect the research data. However, since the software might come with specific re-
quirements archiving the computer-based assessmentmust take into account these
requirements so that the software can (hopefully) also be executed in the future.

Archiving of computer-based assessments can also serve the purpose that other re-
searchers or stakeholders can use the developed assessment instruments (sharing).
The two goals need not be mutually exclusive, but it should be made clear what the
goal of archiving computer-based assessments is.

• Goal to archive assessment content to document an existing data set
• Goal to allow the use of developed content in future data collections

A second key issue concerns the separation of assessment software and assessment
content. Such a separation exists, for example, if the software allows the export of
the assessment content created with it, as it is the case, for instance, with TAO that
allows exporting the items in QTI format (Question and Test Interoperability6). In the
caseofQTI, different software components couldbeused to administer assessments
that use the QTI content. A similar separation also applies to the CBA ItemBuilder,
which allows the assessment components created with it to be archived indepen-
dently of the software (i.e., the specific version used to author the CBA ItemBuilder
project files and the software used for test-deployment). Since the CBA ItemBuilder
project files contain the runtime configuration (see section 8.3.3), that is sufficient
to use deployment software (includingTAO, see section 7.4) or theTaskPlayerAPI (see
section 7.7).

• Requirements to run /use the software (operating system / frameworks / browsers)

6Que (2022)

http://taotesting.com/
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• Requirements to run / use the content (compatibility of content, e.g., QTI version)

A third question concerns the anticipated, expected, and allowed use and possible
modifications to the archived computer-based assessment, for instance, for future
data collections onnew samples.This third question includes licensing issue regard-
ing the content (i.e., the items and possible embedded resources such as images), li-
censing of the software, and the technical aspects required for using (i.e., executing
and running) the software securely.

• Right to use the software / the content for specific purposes (e.g., new data collec-
tion)

• Right to store the software / the content (for instance, for achieving)
• Right to distribute the software / the content for further use (e.g., for other
projects)

• Right to change the software / the content (for instance, to adjust for further needs)

8.7.1 Archiving CBA Software to Document Datasets

If the goal is to archive a digitally-based assessment to interpret existing data, a first
idea could be to archive the complete software as used for the data collection.7 The un-
derlying rationale is similar to paper-based assessments and the practice of archiv-
ing the assessment materials (i.e., booklets), for instance, as PDF files. However,
acknowledging that the assessment was digitally based, more than static represen-
tations for items or screens (e.g., screenshots) might be required, and archiving the
assessment as an interactive systemmight be considered the natural choice.

Documentation of Requirements: Whether the archiving of the software used in
data collection is useful depends, first of all, on how the requirements needed to run
the software can be fulfilled. Accordingly, a prerequisite for investigating the via-
bility of this approach is a documentation of all runtime requirements from a tech-
nical perspective. Assessments used in offline deployments (see section 7.2.1) might
require a particular operating system, require a minimum screen resolution, and
might be tested only for particular pointingdevices (e.g., not tested for touch input).
Beyond these apparent requirements, dependencies (i.e., specific browser versions,
installed frameworks or components, such as Java or .NET), user privileges (i.e., is
admin access required), and network requirements (e.g., free ports) need to be doc-
umented and considered. If assessments were performed with dedicated hardware
(i.e., computers that were deployed to the assessment sites), additional settings and
configurations (e.g., at the operating system level) might also be necessary in order

7Sometimes deciding which version of a computer-based assessment should be archived might also
be relevant. Suppose changes in the assessment software and content are tracked, for instance, using
version control tools (see section 8.3.2). In that case, the datasetsmight reference that particular version,
and archiving should contain all versions used during data collection.
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to be able to reproduce the data collection with the archived software. In particu-
lar formobile deployments using apps, the distribution of the assessment software to
the mobile devices needs special attention. For online deployments, both perspective
need to be distinguished: For online deployments, both perspectives need to be distin-
guished: At the client side, supported (i.e., tested, see section 8.4.1) browsers need to
be documented, while at the server side, documentation of runtime requirements
and the server configurationmight be relevant to run the assessment software.

Software Virtualization: Techniques such as Virtual Machines (used, for instance,
for desktop virtualization, such as VMWare, Virutal Box or Parallels) and Contain-
ers (used, for instance, for server virtualization, such as Docker or LXC) might help
to make software (in specific environments) available for a more extended period.
However, in particular for desktop virtualization, licensing of the operating system
need to be considered.

IntendedUse ofArchivedAssessment Software:The critical question regarding the
usefulness of this type of archiving is what researchers can dowith assessment soft-
ware archived in this way. If no further precautions have been taken in the assess-
ment software itself, then items can be replayed and answered in the combinations
used in the field (e.g., within a booklet design).This option can be helpful, for exam-
ple, to learn about the items (i.e., the assessment content) in context, to inspect the
behavior of items and the assessment platform, and to investigate how prompts or
feedbackwere displayed. If the archived assessment software also provides the gen-
erated (raw) data access, this approach also allows checking how a particular test
taker or response behavior is stored or represented in the data set.

8.7.2 Dedicated Approaches for Documenting CBAData

As described in the past section, archiving the assessment software itself, while an
obvious idea, is of limited benefit for documenting data from computer-based as-
sessments without special provisions within the assessment software.

Documentation of Result Data and Process Indicators: In terms of documentation
of outcomedata (i.e., raw responses and input aswell as scored responses), data sets
with result data of computer-based surveys are standard. Hence, codebook docu-
ments can be used to describe the result data (in terms of metadata). Result Data,
available in variable values per person, can be supplemented by additional Process In-
dicators (i.e., information describing the test-taking process), for which a value (in-
cluding NA) is also expected for each person.

If knowledge of the specific itemcontent is necessary for interpreting the result data
or theprocess indicators, insight into tasksprovidedbyanarchivedassessment soft-
ware may be sufficient. However, some information about the log data generated
when interacting with the assessment content can be necessary to document Raw
Log Events and Contextualized Log Events (see section 2.8.1 for the terminology).

Documentation ofRawLogEvents andContextualized LogEvents: Which interac-
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tions are generally stored by a digitally-based assessment can often be documented
and described even without the specific assessment content. In case of the CBA
ItemBuilder, the log events provided by the items are described for the different
components used to implement the content (see appendix B.7 for a documentation
of log events), and additional log events might be defined by the item author (de-
scribed as Contextualized Log Events). Moreover, the deployment software is expected
to add additional log events at the platform-level.

Themore challenging part of the documentation is to relate the assessment content
and the collected log data so that the data can be meaningfully interpreted in the
context of test-takers interactions and assessment content.

Real Items and Live Access to Log Events: The obvious option to allow researchers
to inspect interactive assessments is to give them the computerized items in a form
where the events stored in the log data are visible after one has demonstrated a par-
ticular behavior or interacted with the item. This can be achieved by different ap-
proaches, either by modifying the deployment software (see, for instance, section
7.3.7) or by using the authoring software (see Trace DebugWindow in section 1.6.2).

Documenting Instruments Using Mock-Items: Given that assessments are often
translated (e.g., in the context of international large-scale assessments), there is an-
other way of documenting interactive items to facilitate the interpretation of log
data. For that purpose, we define Mock-Items as items in which the sensitive item
content (i.e., everything that should not become public to keep the items secure) is
replaced by placeholders. Such a replacement is required for all texts, images, video,
and audio files that could provide hints about the item’s content. However, it is as-
sumed that replacing the content is possible without altering or destroying the in-
teractive items’ structure and functioning.

 

 

How to do this with the CBA ItemBuilder? The recommended strategy to docu-
ment the log data of assessment content created with CBA ItemBuilder is to pro-
vide access directly to the CBA ItemBuilder Project Files. If this is not possible for
item content protection, mock itemsmight help.

Screen Casts or Annotated Screenshots: Documenting log events can also be done
using screencasts (i.e., screen recordings showingaparticularbehavior and thegen-
erated log events), for instance using released items. Or annotated screenshots of
computer-based instruments can be used. And even specifically created webpages
that show how specific interaction are logged can be used (e.g., PIAAC R1 Log Data
Documentation).

8.7.3 Approaches to Archive or Share Assessments for Re-Use

Beyond documenting existing data, an important goal can be sharing developed as-
sessment content to use in future data collections.

https://piaac-logdata.tba-hosting.de/
https://piaac-logdata.tba-hosting.de/
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Sharing Software as is: Although similar to the idea described above (see section
8.7.1), sharing assessment content bundled with an assessment software as-is for
re-use adds additional challenges. The following aspects require special attention:
First, it must be considered that the redistribution of the software is different from
the use of the software, so it may be a question of licensing whether the right to
redistribute exists for the software and for the included content. A second aspect
concerns the issue of IT security. For archiving accompanying a data set, the assess-
ment software is used under controlled conditions. However, if sharing assessment
for re-use aims to facilitate future data collectionswith a digitally-based assessment
using existing software as is, it must also be possible to do so safely. For online de-
liveries, in particular, this requires patching and applying security updates sooner
or later, meaning the possibility of maintaining the software.

Sharing of Software with Sources: Many assessment software maintenance and
customization issues canbe solved if the runtimecomponents (i.e., compiledorbuilt
code) and the source code are archived. In particular, if assessment content and as-
sessment software are not separate, making them available, for example, via a pub-
lic source code repository (e.g., GitHub.com) may allow other researchers to reuse
the resources developed. While the open source provision of assessment software
naturally presupposes the right to disseminate the sources, it also presupposes the
human resources (i.e., appropriate IT know-how) to be able to use them.

Sharing of Content (Only): An obvious alternative to sharing created assessment
content for further use arises when the Content can be separated from the Software.
The option to share created items as Content is at first analogous to paper-based as-
sessment. As soon as a PDF or Word document of a test booklet is shared, it can be
used to prepare future assessments.

 

 

Question & Test Interoperability (QTI) is a standard to share assessment content
that is supported, for instance, by TAO. Using the converter fastib2pci, CBA Item-
Builder generated content can be packaged as PCI components, that can be em-
bedded and used in QTI items (see section 7.4).

Two examples will be examined in more detail here. If a standard exists (as is the
case, for example, with Open Office XML8 for text documents), then different pro-
grams can use documents that follow that standard.TheQuestion &Test Interoperabil-
ity (QTI) specification can be understood as a similar standard for computer-based
assessments. If, for example, items created in TAO are exported inQTI format, then
these can be stored andused in later assessments if an assessment software can read
and process the QTI format.The apparent prerequisite for this model to be applica-
ble is that the assessment content can be implemented as QTI items. As the field of
computer-based assessment continues to evolve, the QTI standard is also being ex-

8ECMA-376, ISO/IEC 29500

https://taotesting.com/
https://github.com/DIPFtba/fastib2pci
https://taotesting.com/
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panded and adapted9. Hence, it might be necessary to document the exact version
of the QTI standard, and only the particular version of the software used to author
the QTI items (e.g., a specific TAO version) might interpret the assessment content
precisely (i.e., the rendering and behavior of the interactive content might be dif-
ferent across different QTI players). Moreover, if the software used for QTI editing
adopt to a new version, a migration process might be required.

 

 

How to do this with the CBA ItemBuilder? Assessment content created with CBA
ItemBuilder in one version can be archived as CBA ItemBuilder Project Files and
shared for later use. To use the assessment content, delivery software containing
the runtime of this CBA ItemBuilder version is required.

If the standard is not sufficient, sharing the content independently from the soft-
ware used to create the content can also be possible.This is illustrated with the CBA
ItemBuilder, which does not follow the QTI standard. However, as long as a deploy-
ment software is available that supports this version of the CBA ItemBuilder, the
generated content can be used for future data collections.

Migration Strategy: Project Files of recent CBA ItemBuilder versions can be used for
assessmentprojects, as longas sufficient browser support is providedandno techni-
cal or security-related issues prohibit the use of old versions. If archived Project Files
of an older version can no longer be used in current delivery software, older Project
Files can be migrated using the CBA ItemBuilder. Migrating an outdated Project File
means opening the Project File in a newerCBA ItemBuilder and then saved as a Project
File in this new version.Doing sowill update the generated code or the runtime con-
figuration required to use the Project Filewith a particular deployment software.

The update of Project Files is possible because the implementation of the CBA Item-
Builder ensures that a newer version can read the content of the previous version
and convert it if necessary. Accordingly, it may be necessary to perform the migra-
tion inmultiple steps (using intermediate versions of the CBA ItemBuilder).The re-
lease notes of the CBA ItemBuilder (see Table B.5) provide information on points to
be considered regarding backward compatibility.

 

 

How to do this with the CBA ItemBuilder? The recommended strategy for shar-
ing and archiving assessment content created with CBA ItemBuilder is to pro-
vide Project Files. As long as suitable deployment software supports the version, the
ProjectFiles canbeuseddirectly.TheProject Files canbemigratedwith theCBA Item-
Builder if no deployment software supports the (outdated) version.

9See, for instance, 1EdTech Question & Test Interoperability (QTI)

https://taotesting.com/
https://www.imsglobal.org/question/index.html
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8.7.4 Assessment Content as Open Educational Ressources (OER)

Thearchiving of created and digitally based implemented assessment content in ed-
ucational science applications can be understood as a particular formofOpenEduca-
tionalResources (OER).This is particularly true if the goal is to enable content sharing,
where the developed items constitute the shared resource.

 

 

How to do this with the CBA ItemBuilder? To support the sharing and provision
of assessment content created with CBA ItemBuilder, a suitable license should be
defined and metadata stored within the CBA ItemBuilder Project Files (see section
6.3.4)

Before making extensive adjustments to items, it must be thought about whether
this will change psychometric properties and item parameters that have been em-
pirically determined or verified, for example, with the help of a scaling study (see
section 2.5.4).





ClosingChapter

 

 

Without a doubt, the possibilities and options of computer-based assessment have
not yet been exhausted. Further research and the development of future software
tools are necessary to collect diagnostic information efficiently that allows deriving
inferencewith valid interpretations. Even though there are still many ideas and rea-
sons to further develop in particular the CBA ItemBuilder, we provide this tool as it
is to support Open Science (Stodden et al., 2014) and to support Reproducible Research
(Gandrud, 2020;Christensen et al., 2019) in the area of computer-based assessment.

• Why Open Science? The development of assessment instruments, psychometric
tests, and questionnaires in a research context is often publicly funded. Making
these instruments available for later use contributes to anOpenScienceunderstand-
ing.

• Why Reproducible Research? The comparability of assessments (i.e., mode ef-
fects) is influenced by a large number of small Properties of Measurement (see sec-
tion 2.2.1). To increase the reproducibility of findings, insight and exchange about
the computer-basedmeasurement instruments arenecessary,whichmight be fos-
tered by sharing or providing restricted access to CBA ItemBuilder items.

Interactive learning content and related assessment items created in CBA Item-
Builder can also be shared in terms of Open Educational Resources (OER, see section
8.7.4).
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How to Share?

 

 

Sharing CBA ItemBuilder items is easy. Define the metadata (see section 6.3.4)
within the CBA ItemBuilder project files to inform about the author, the license,
and the possibilities to use your content and upload the CBA ItemBuilder item to a
repository (e.g., osf orGitHub). If you chooseGitHub, youmight create a new repos-
itory using the template provided as fastib2pci (see section 7.4). Using this template
will not only automatically provide a PCI component but also a simple preview of
the item content as a static GitHub page. You can also archive your computer-based
items as assessment material to research data centers.

How to Contribute?

 

 

Requirements for the development of the CBA ItemBuilder are collected and priori-
tized by the Centre for Technology-Based Assessment (TBA). If features are needed
or need to be expanded for future projects, contact the ib-support@dipf.de.

Open Source development is more than welcomed for HTML5/JavaScript packages
that can be used as ExternalPageFrame and for embedding of CBA ItemBuilder tasks

https://osf.io/
https://github.com/
https://github.com/DIPFtba/fastib2pci/
https://tba.dipf.de/en
mailto:ib-support@dipf.de
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using the TaskPlayer-API (see section 7.7) into open source software that can be used
for test deployment.

Suggestions for example items, references or feedback about errors or improvement
of this book can be provided to ib-support@dipf.de.

mailto:ib-support@dipf.de
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Glossary of Terms

 

 

TABLEA.1: Glossary of (Technical) Terms used in this Book

Term Description

Adaptive Testing (see Computer-Adaptive Testing)
Assessment
Component

Depending on the intended use, the Project Files created with
the CBA ItemBuilder can contain either instruction pages or
single items, questions, so-called units, stages or complete
tests. For simplification, this book will therefore refer to
Assessment Components, meaning Project Fileswith a particular
Task used as entry point.

CBA Presentation
Size

CBA ItemBuilder projects are always created for a specific
resolution.The CBA Presentation Size for new projects is
defined as a property of the started CBA ItemBuilder instance
and can be changed in the menu via the entry ‘Utilities >
Open preferences’ (see section 3.2.2).The CBA Presentation Size
for existing projects is defined in the Global Properties (see
section 3.6.2).

Class In the context of the CBA ItemBuilder, the term Class is used
for the assignment of hit or miss conditions of the Scoring to
groups or variables (see section 5.1).

Command (see Runtime Command)
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Term Description

Computer-Adaptive
Testing

Computer-based adaptive testing (CAT) is a psychometric
technique in which the selection of administered items from
an item bank is designed to increase measurement efficiency
by taking into account previously observed answers (see
sections 2.7.4 and 6.7.2).

Component For creating items with the CBA ItemBuilder, all objects that
can be added to an item from the Palette are called Components
(see section 3.7). Components that can be added to a currently
selected Component in theDrawing Area of the Page Editor, are
listed in the Palette. Only Containers can have nested
Components.

Component Edit The list of all Components that are nested in the the current
selected Component are listed in the so-called Component Edit
view (see section 3.1.2).

Conditional Link Link which can refer to different pages (including the current
pages) via conditions and can execute optional operators
when called (see section 4.3).

Container Containers are Components that can contain other Components
(see section 2.11.4). Components that belong to a common
container might share properties. For instance, the radio
buttons (components of type RadioButton, see section 3.9.2)
that belong together are nested in a specific container, called
RadioButtonGroup.

ContextMenu Menu (see section 3.1) that can be called to configure
components in the Page Editor and to call commands in the
Project View, Component Edit and in the EmbeddedHTMLExlorer
using the right mouse button (secondary click).

Dialog Pages whose Frame component is configured to be displayed
as a popup or dialog (see section 3.15). Dialogs can either be
displayed as an additional page while continuing to interact
with the main page, or dialogs are displayed asModular
Dialogswhich are displayed exclusively and do not allow
interaction with the underlying page.

Domain Specific
Language (DSL)

The syntax components used for designing the dynamic parts
of assessment components and for scoring tasks are not
defined in any specific programming language. Instead, the
CBA ItemBuilder uses its own syntax for the domain of
computer-based assessment, which can be referred to as a
domain-specific language (DSL). Based on this syntax, a
configuration is then generated, which can be processed at
runtime in a programming language (e.g. JavaScript).
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Term Description

Entry Point Each Project File that is edited with the CBA ItemBuilder and
then used to configure test deliveries must define entry
points.These entry points are defined as Tasks and also
include the scoring definition (see Task).

Event (see either Log-Event or FSM-Event)
Execution
Environment

TheCBA ItemBuilder creates Assessment Components that can
be used in assessments as test assemblies in so-called Test
Deliveries (see chapter 7).

Finite-State
Machine (FSM)

Finite-state machines are used as logic layer inside the CBA
ItemBuilder to allow complex item behavior and advanced
interactivity (see section 4.4).This layer can be used to modify
the visual presentation or behavior of items in a very flexible
way, using FSMEvents, FSMVariables and FSMOperators.
Many of the advanced functions of the IB can be constructed
by using one or multiple (nested) finite-state machines.

Frame Assessment components are designed with the CBA
ItemBuilder using pages of different types. Each page needs a
root component, which is used to define page properties
(such as size). Components of type Frame serve as root
element for pages (see section 3.5.1).

FSMEvent Finite-state machines (FSM) process so-called FSM events (see
section 4.4.3) using deterministic rules (see section 4.4.4).The
FSM events can be triggered automatically by time intervals,
by timers or by user interactions. Many components
therefore allow one or more FSM events to be assigned to them
(see section 4.4.3). FSM events can be used during the
administration of assessment components. After
administration, user interactions and internal state changes
are stored in Log events in the Log data, and can be analyzed
(see section 2.8), for instance, to extract Process Indicators.

FSMOperators If a rule is defined for the current state of a Finite-State
Machine (FSM) that matches a FSM event that has just been
triggered, then the FSMwill process that rule and change to
the new state if so defined as FSMTransition. As part of the
rule, operators can be defined that are executed to make
changes to variables or components.The CBA ItemBuilder
provides a set of FSMOperators that can be used to perform
actions in transitions (see section 4.4.6).

FSMRules The possible transitions between states of Finite-State
Machines (FSM) are defined using rules (see section 4.4.4).
Rules are triggered by FSM events and can contain conditions
(see section 4.4.5).
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Term Description

FSMVariables TheCBA ItemBuilder adds variables to the capabilities of
(nested) Finite-StateMachines (FSM). Variable values can be
used with the help of ValueMaps andMap-Based Value Displays
(see section 4.2.5) to change the appearance of pages. FSM
variables can also be used in scoring conditions (see section
5.3.5) and in conditions of FSMRules (see section 4.4.5).

GIF Graphics Interchange Format is an 8-bit-per-pixel bitmap
image format that was introduced by CompuServe in 1987
and has since come into widespread usage on theWorldWide
Web due to its wide support and portability (see section 3.10.1
for supported file formats of the CBA ItemBuilder).

Global Properties Settings that apply to a particular project are defined in the
Global Properteis (see section 3.6.2).

HTML5/JavaScript Hypertext Markup Language (HTML) in version 5, as defined
by theWorldWideWeb Consortium (W3C) and the scripting
languages JavaScript that is used browsers to support
interactive content.

Hit-Condition (see Scoring Condition)
Item A part of a test assembly corresponding to a question or task

in an assessment. Items can be presented each on a single
page or multiple items are placed on one page, depending on
the task design and the implemented navigation (see section
2.4).

Item Size (see CBA Presentation Size)
JPEG JPEG (Joint Photographic Experts Group) is a commonly used

method of compression for photographic images (see section
3.10.1 for supported file formats of the CBA ItemBuilder).

Link The connection of pages in the CBA ItemBuilder is done via
links. A link can be triggered by clicking on different
components. Links can also be integrated into components of
type HTMLTextField or TextFiel. Links that always lead to the
same page (see section 3.11) are distinguished from
Conditional Links (see 4.3).

MainMenu Mainmenu of the CBA ItemBuilder at the top of the program
window (see section 3.1.1). This menumust be distinguished
from the context menus of the CBA ItemBuilder (see Context
Menu).

Miss-Condition (see Scoring Condition)
Mock Cases Click patterns used to check scoring and data storage (see

section 8.4.2).
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Term Description

Mock Items For the interpretation of log data from computerized
assessment, access to tools is necessary so that the meaning
of log events can be clearly interpreted and contextualized. If
the release of the original items is not possible, it is possible
to create so-calledMock Items, which do not contain any
protected item content, but are similar enough in structure to
the original items that they can be used to interpret the log
data (see section 1.6).

Modal Dialog (seeDialog)
Log-Events Interactions between test-takers and an assessment platform

can be stored in the form of log data, which consists of a
variety of events of different types (Log-Events, see section
1.6). Together with the task content, process indicators can be
derived from the analysis of log data (see section 2.8).

Minimal Example Small, fully executable example illustrating a particular
functionality (see section 8.1).

Navigation The term navigation is used to describe how test-takers can
move between different elements (between-item navigation),
or within an element (such as an item or a units (within-item
navigation). Different response elements (for example
buttons) can be used to trigger navigation between pages
within-items. Likewise, FSM operators or Commands can be
used to trigger between-item navigation.

Operators (see FSMOperators or Scoring Operators)
Panel Components of type ‘Panel’ are used to group components

and to display background images or frames, for example.
Typical pages of type Simple Page need at least one additional
component of type Panelwithin the root element (Frame, see
section 3.5).

Page Each CBA ItemBuilder project can consist of one or multiple
pages. Pages are of a particular page type. Pages typically
contain a Frame and a Panel, as well as additional Components
(either visual elements such as texts, images or response
elements, such as CheckBoxes or Buttons) or Containers (for
instance, additional Panels or RadiouButtonGroups).
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Term Description

Page Type Each page is of a particular type, and several page types are
available in the CBA ItemBuilder.The available components
and containers which can be used to add content to a page
depent on the page type. Pages of different type have to be
used to implement specific parts of an complex
computer-based item.The type of a page, for example, Simple
Page, WebBrowserPages or TaskBarPages is defined when the
page added to the project and it is impossible to change the
page type.

Palette The Palette is the part of the CBA ItemBuilder user interface
that gives access to components that can be added to the
currently selected part in the visual designer.

PNG Portable Network Graphics, a bitmapped image format that
employs lossless data compression (see section 3.10.1 for
supported file formats).

Preview TheCBA ItemBuilder is the authoring tool to create elements
for computer-based assessments.These elements can be used
in browser-based test deliveries. In order to see how the
items will be rendered in the browser environment, the CBA
ItemBuilder allows to preview the elements (Tasks, Projects or
Pages) by automatically generating the required HTML pages
and opening the pages a web-browser.

Preferences Default settings for the CBA ItemBuilder are defined in the
CBA ItemBuilder Preferences (see section 3.2.2).

Project File Item authors can build and edit Project Fileswithin the CBA
ItemBuilder. A Project File can contain assessment components
(i.e., either a single item, several units, or even a complete
test). The decision about howmany separate project files are
used to computerize a particular test material is up to the
item author. Project files create with the CBA ItemBuilder are
ZIP archives. However, very large files with many items in
single IB project are not suggested, because the size of the
ZIP files might become too large.

Properties /
Properties view

The components added to an item are configured using
additional properties. Properties of the currently selected
component can be edited in the so-called Properties view.

Process Indicator Specific information that, extracted from individual log
events (raw log data), provides knowledge about a particular
behavior as a person variable (see section 2.8.

RAP (depraved) The technical platform used to generate HTML content in
older CBA ItemBuilder versions (RAP = Remote Application
Platform).
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Term Description

React A JavaScript library used by the current CBA Item Builder as
part of the generated HTML content.

Resources Resources used within CBA ItemBuilder projects are included
in the project files, for example, pictures, audio files and video
files.

Regular Expression A sequence of characters that define a search or validation
pattern (RegExpr, see section 6.1). The CBA ItemBuilder uses
“Unicode Technical Standard#18 Unicode Regular
Expressions” (http://www.unicode.org/reports/tr18/) to score
text responses (see section 6.1.2) and as Input Validation Pattern
to restrict the characters that can be entered in text entry
items (see section 6.1.3).

RawVariables For the definition of result variables, a distinction can be
made between variables that contain the raw response (as
entered by the test-taker) and result variables that store the
scored response (see Scoring Variables)). In the CBA
ItemBuilder RawVariables and Scoring Variables can be
defined. For storing input text (and numeric variables) the
result_text() operator can be used (see section 5.3.10).

Rules (see FSMRules)
Runtime Command Command that can be assigned as action to components such

as Buttons, and that is processed by the runtime environment
(e.g. to switch to the next task, see 3.12).

Scoring Scoring refers to the automatic analysis of test-taker’s
response with respect to pre-defined (scoring) rules. Item
authors can precisely define scoring patterns for each
possible response. Scoring patterns are organized within Task
(see section 5.1 for details).

Scoring Condition The scoring of CBA ItemBuilder Tasks is structured using
conditions, which can be defined in CBA ItemBuilder asHit-
(orMiss-) Conditions. For categorical variables, a Scoring
Condition assigned to a Class (i.e. variable) is a possible
categorical value. Scoring operators can be used to define when
exactly a Class should be assigned this value (see section 5.3).
This procedure also allows the definition of missing values
(see section 2.5.2).

Scoring Operators For the definition of scoring conditions, operators can be
used to form logical expressions or to evaluate the state of
components, the visited pages or occurred states, etc. (see
section 5.3).

http://www.unicode.org/reports/tr18/
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Term Description

Scoring Variables In the scoring definition, the information about which
selection or input should be counted as correct (Full Credit) or
partial (Partial Credit) can already be taken into account. In
this case it is possible to speak of Scoring Variables.

String A string is a data type used in programming that is comprised
of a set of characters that can contain text, spaces and
numbers.

TAO TheTAO Framework is an open-source project which provides
a very general and open architecture for computer-assisted
test development and delivery. Assessment components
created with the CBA ItemBuilder can be used with TAO
using the PCI interface (see section 7.4).

Task Within CBA ItemBuilder projects, Tasks are self-contained
item packages defined by the item author. Tasks are used to
provide entry points into CBA ItemBuilder project files that can
be used for test assemblies.

Task-Editor Part of the CBA ItemBuilder that allows to define Tasks (see
section 3.6 and to defineHit-/Miss-Conditions for Scoring).

Template Pages can be exported as templates for later use. Using this
functionality, page duplication and efficient workflows for
creating assessment components can be realized with the
CBA ItemBuilder (see section 6.8.7).

Test Assembly The assembly of items into tests or test parts is called test
assembly. This can be done to create booklets, rotations or
multi-stage tests before test delivery (once), or during testing
on the fly or depending on previously observed responses (see
Computer-Adaptive Testing).

Test Delivery The collection of data in computer-based assessment is
referred to as test-delivery. Assessment components created
with the CBA ItemBuilder can be used for different forms of
delivery, e.g. stand-alone offline or online (see chapter 7).

Toolbar Important functions of the CBA ItemBuiler are permanently
accessible via small icons directly below the MainMenu via
the Toolbar (see section 3.1.1).

Trace-Event (see either Log-Event)
Transitions (see FSMRules)
Variables (see FSMVariables, RawVariables, or Scoring Variables)
Weight Decimal number that can be defined when scoring (usually

1). If a weight is used, then one result can be scored per task
(the hit ormiss condition with the highest weight). The use of
Classes is then not possible (included to maintain
compatibility with previous CBA ItemBuilder projects).
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Term Description

WYSIWYG “What you see is what you get” – content (text and graphics)
displayed onscreen during editing appears in a form closely
corresponding to its appearance when printed or displayed as
a finished product.

X-Page Expression used for pages that can be displayed in addition to
other pages.The X-Page layout distinguishes between X-Pages
and regular pages (such as simple pages). The definition of a
page as X-Page is done when the page is created (see 3.4).

X-Page-Layout Arrangement of pages using a regular page and an X-Page
simultaneously and side by side. Can be defined for a Task
(see 3.6.2).





B
Useful Tables

 

 

B.1 MainMenus

The tables in this annex provide information on the different menus of the CBA
ItemBuilder. The description contains references to the sections where further in-
formation can be found.

The CBA ItemBuilder contains the following main menus that can be accessed di-
rectly in the CBA ItemBuilder window:

• Filemenu (see table B.1)

• Editmenu (see table B.2)
• Diagrammenu (see table B.3)
• Projectmenu (see table B.4)
• Templatesmenu (see table B.5)
• Utilitiesmenu (see table B.6)
• Helpmenu (see table B.7)

507



508 B Useful Tables

TABLEB.1: Overview of the Filemenu.

File > Toolbar Description

New Project yes
 

 

Create a new project (see 3.2.1). If a project is
currently open that contains unsaved changes, you
must decide whether to save or discard the changes
before creating the new project.

Open Project yes
 

 

Open an existing CBA ItemBuilder project for editing
and previewing (see section 1.4.1).

Save yes
 

 

Save changes in the current CBA ItemBuilder project.
Save As... yes

 

 

Save current CBA ItemBuilder project with new
name (see section 3.2.1).

Close Project yes
 

 

Closes the current project. If the current Project File
contains unsaved veining, a prompt is displayed.

Exit no
 

 

Exits the CBA ItemBuilder. If the current Project File
contains unsaved veining, a prompt is displayed.

TABLEB.2: Overview of the Editmenu

Edit > Toolbar Description

Undo no
 

 

Undo last action. Several actions can be undone (see
3.7).

Redo no
 

 

Redo the undone action and perform it again. If
several actions have been undone, several actions can
also be redone (see 3.7).

Cut no
 

 

Not implemented for Page Editor (see section 3.7.2 on
how to alternatively use theDuplicate feature).

Copy no
 

 

Not implemented for Page Editor (see section 3.7.2 on
how to alternatively use theDuplicate feature).

Paste no
 

 

Not implemented for Page Editor (see section 3.7.2 on
how to alternatively use theDuplicate feature).

Delete no
 

 

Not implemented for Page Editor.
Select All no Select all components in the current Page Editor
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TABLEB.3: Overview of the Diagrammenu

Diagram > Toolbar Description

Font no
 

 

Font setting for a component selected in the Page
Editor, if the component provides a text property.
Similar to the settings in the tab Appearance of the
Properties view (see section 3.1.4).

Fill Color no
 

 

Fill color for a component selected in the Page
Editor, if the component provides a Background
Color property (and Is Transparent: false).
Identical to the settings in the tab Appearance of the
Properties view (see section 3.1.4).

Line Color no
 

 

Line color for a component selected in the Page
Editor, if the component provides a Border Color
property (and a non-zero Border Width is
configured). Identical to the settings in the tab
Appearance of the Properties view (see section 3.1.4).

Line Type no
 

 

(not supported)
Line Width no

 

 

(not supported)
Arrow Type no

 

 

(not supported)
Line Style no

 

 

(not supported)
Select no

 

 

Sub-menu with the entries All, All Shapes and All
Connectors to select elements nested in the
currently selected component of the Page Editor.
Note that Connectors refers to paths defined for
ImageMaps (see section 3.9.10).

Arrange no
 

 

(Function not supported for current use.)
Align no

 

 

Sub-menu with the entries Align Left Align
Center, Align Right and Align Top Align Middle,
Align Bottom.

Text Alignment no Text alignment settings for components that
support the property Alignment.

Order no Sub-menu with the entries Bring to Front, Send to
Back, Bring Forward and Bring Backward that can be
used to change the Z-Order of components in the
Drawing Area of the Page Editor. Note that this order
is only for editing purposes and does not affect the
order in the Preview.

Auto Size no
 

 

(Function not supported for current use.)
Make Same Size no Helper to make Width, Height or Both (Width and

Height) of two or more selected components
identical.
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Diagram > Toolbar Description

Filters no (not supported)
View no Sub-menu to show or hide Grid or Rulers in the

Drawing Area of the Page Editor. Also allows to
activate or de-activate the Snap to Grid feature (see
section 3.7.1).

Zoom no
 

 

Increas zoom in the Page Editor (see section 3.1.1).

TABLEB.4: Overview of the Projectmenu

Project > Toolbar Description

Preview project yes
 

 

Launch the dialog to start a Preview of a selected
Task, the whole project or a selected Page (see
section 1.4.2).

New page from
template

no
 

 

Create a new page based on an existing page
template (see section 6.8.7).

Import page no
 

 

Import an exported page to the current CBA
ItemBuilder Project File (see section 6.8.7).

Import external
content

no
 

 

(Function not supported for current use.)

Import XLIFF no
 

 

Import XLIFF file from external translation (see
section 6.9).

Verify text
translation

no
 

 

Verify imported XLIFF translation (see section
6.9).

Finalize
translation

no
 

 

Finalize external translation (see section 6.9).

Edit all text
blocks

no
 

 

Edit all defined text blocks for TextFields used in
the current CBA ItemBuilder Project File (see
section 5.3.8).

Edit all text
fields

no
 

 

Edit al text fields used in the current CBA
ItemBuilder Project File (see section 1.7.2).

Edit all user
defined IDs

no
 

 

Dialog to edit all UserDefinedIds in the current CBA
ItemBuiler Project File (see section 3.7.4).

Update rich text
displays

no
 

 

Update the images of all TextFields used in the
Page Editor.

Browse resources yes
 

 

Opens the Resource Browser used to import and
manage media files resources (see section 3.10.1).
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Project > Toolbar Description

Browse Task and
Item Score

yes
 

 

Opens the Task Editor used to define Tasks and
Scoring for the current CBA ItemBuilder Projecct File
(see section 3.6).

Browse Value Maps yes
 

 

Opens the editor for ValueMaps in the current CBA
ItemBuilder Project File (see section 4.2.4).

Edit State Machine yes
 

 

Opens the StateMachine Tree View and the State
Machine Syntax for the current CBA ItemBuilder
Project File (see section 4.4.1).

Edit State Chart yes
 

 

(Function not supported for current use.)

TABLEB.5: Overview of the Templatemenu

Templates > Toolbar Description

Browse templates no
 

 

Opens the Template Browser of the CBA ItemBuilder
that allows to show, import, delete and export
pages saved in the CBA ItemBuilder Instance as
Templates (see section 6.8.7).

TABLEB.6: Overview of the Utilitiesmenu

Utilities > Toolbar Description

Xliff Editor yes
 

 

(Currently not maintained, see section 6.9)
Open preferencs no Open the CBA ItemBuilder preferences dialog (see

section 6.9 for CBA Item Builder XLIFF settings,
section 6.8.2 for CBA Item Fonts, section 3.6.2 for
CBA Presentation Size, section 1.4.2 for CBA Preview
and section 3.1.4 for CBA Ruler And Grid settings).

TABLEB.7: Overview of the Helpmenu

Help > Toolbar Description

Help Contents no
 

 

Shows theQuick Reference embedded in the CBA
ItemBuilder.

Help Online no
 

 

Shows online help.
About no

 

 

About dialog showing the version of the CBA
ItemBuilder (see section 1.3).
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Help > Toolbar Description

Update Software no
 

 

Not implemented. See section 1.2 for information
about new versions and upates.

B.2 Operators

Thepower ofCBA ItemBuilder‘sConditionalLinks (see section 4.3) andFinite-StateMa-
chines (see section 4.4) is achieved by the fact that actions can be executed when Con-
ditional Links are activated or transition between states are triggered by active Rules.
Moreover, scoring of Tasks can incorporate component states and additional infor-
mation provided by the CBA ItemBuilder at runtime (see section 5.3.2).

For many purposes, so-called Operators are available (see section 4.4.6), which are
listed in a table in this part of the appendix:

• Table B.8 lists operators for StateMachines
• Table B.9 lists operators for Component States
• Table B.10 list operators for Trees
• Table B.11 lists operators for Evaluations
• Table B.12 lists finite-state machine operators for TaskManagement
• Table B.2 lists finite-state machine operators for Calculation Engine
• Table B.13 lists Logical Expressions

• Table B.15 lists operators for Comparisons
• Table B.16 lists Arithmetic operators

• Table B.17 listsMiscellaneous operators

In addition to the operator and a description, each table also indicates whether the
operator has a return value. If this is the case, an operator can also be used in a con-
dition (see section 4.4.5 for conditions in FSMRules, section 4.3 for conditions inCon-
ditional Links, and section 5.3.2 for Scoring Conditions).

 

 

Tables in this appendix last verified and updated for version 9.1.
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..
.)

Th
e
op
er
at
or
al
w
ay
sr
et
ur
ns
tr
ue
.Th

e
si
ng
le
pa
ra
m
et
er
ve
rs
io
n
co
pi
es
th
e
te
xt
fr
om

th
e

Te
xt
So
ur
ce
to
th
e
re
su
lt
te
xt
of
th
e
H
it/
M
is
sc
on
di
tio
n.
Th
e
m
ul
tip
le
pa
ra
m
et
er
ve
rs
io
n

us
es
th
e
te
xt
fr
om

th
e
Te
m
pl
at
eS
ou
rc
e
as
te
m
pl
at
e
an
d
re
pl
ac
es
ea
ch
oc
cu
rr
en
ce
of

%<
in
de
x>
$s
(w
he
re

<i
nd
ex
>
is
an
in
te
ge
rb
et
w
ee
n
1a
nd

th
e
to
ta
ln
um

be
ro
fg
iv
en

Va
lu
eS
ou
rc
es
)b
y
th
e
te
xt
sn
ip
pe
to
bt
ai
ne
d
fr
om

th
e
Va
lu
eS
ou
rc
e
co
rr
es
po
nd
in
g
to
th
e

gi
ve
n
in
de
x.
Ex
am

pl
e:

re
su
lt
_t
ex
t(
"S
or
te
d
te
xt
:
%1
$s

%3
$s

%2
%s
",

"o
ne
",

"t
wo
",

"t
hr
ee
")
w
ri
te
sS

or
te
d
te
xt
:
on
e
th
re
e
tw
o

tr
ac
e_
sn
ap
sh
ot

(T
ex
tS
ou
rc
e)
,

tr
ac
e_
sn
ap
sh
ot

(T
em
pl
at
eS
ou
rc
e,

Va
lu
eS
ou
rc
e,

Va
lu
eS
ou
rc
e,

..
.)

Th
e
op
er
at
or
al
w
ay
sr
et
ur
ns
tr
ue
.Th

e
si
ng
le
pa
ra
m
et
er
ve
rs
io
n
tr
ac
es
th
e
te
xt
fr
om

th
e

Te
xt
So
ur
ce
in
th
e
tr
ac
e
lo
g
an
d
du
m
ps
a
sn
ap
sh
ot
of
th
e
cu
rr
en
tt
as
k
to
tr
ac
e
lo
g.
Th
e

m
ul
tip
le
pa
ra
m
et
er
ve
rs
io
n
us
es
th
e
te
xt
fr
om

th
e
Te
m
pl
at
eS
ou
rc
e
as
te
m
pl
at
e
an
d

re
pl
ac
es
ea
ch
oc
cu
rr
en
ce
of

%<
in
de
x>
$s
(w
he
re

<i
nd
ex
>
is
an
in
te
ge
rb
et
w
ee
n
1a
nd

th
e

to
ta
ln
um

be
ro
fg
iv
en
Va
lu
eS
ou
rc
es
)b
y
th
e
te
xt
sn
ip
pe
to
bt
ai
ne
d
fr
om

th
e
Va
lu
eS
ou
rc
e

co
rr
es
po
nd
in
g
to
th
e
gi
ve
n
in
de
x.
Ex
am

pl
e:

tr
ac
e_
sn
ap
sh
ot
("
So
rt
ed

te
xt
:
%1
$s

%3
$s

%2
%s
",

"o
ne
",

"t
wo
",

"t
hr
ee
")
w
ri
te
sS

or
te
d
te
xt
:
on
e
th
re
e
tw
o

tr
ac
e_
te
xt
(T
ex
tS
ou
rc
e)
,
tr
ac
e_
te
xt

(T
em
pl
at
eS
ou
rc
e,

Va
lu
eS
ou
rc
e,

Va
lu
eS
ou
rc
e,

..
.)

Th
e
op
er
at
or
al
w
ay
sr
et
ur
ns
tr
ue
.Th

e
si
ng
le
pa
ra
m
et
er
ve
rs
io
n
tr
ac
es
th
e
te
xt
fr
om

th
e

Te
xt
So
ur
ce
in
th
e
tr
ac
e
lo
g.
Th
e
m
ul
tip
le
pa
ra
m
et
er
ve
rs
io
n
us
es
th
e
te
xt
fr
om

th
e

Te
m
pl
at
eS
ou
rc
e
as
te
m
pl
at
e
an
d
re
pl
ac
es
ea
ch
oc
cu
rr
en
ce
of

%<
in
de
x>
$s
(w
he
re

<i
nd
ex
>

is
an
in
te
ge
rb
et
w
ee
n
1a
nd

th
e
to
ta
ln
um

be
ro
fg
iv
en
Va
lu
eS
ou
rc
es
)b
y
th
e
te
xt
sn
ip
pe
t

ob
ta
in
ed
fr
om

th
e
Va
lu
eS
ou
rc
e
co
rr
es
po
nd
in
g
to
th
e
gi
ve
n
in
de
x.
Ex
am

pl
e:

tr
ac
e_
te
xt
("
So
rt
ed

te
xt
:
%1
$s

%3
$s

%2
%s
",

"o
ne
",

"t
wo
",

"t
hr
ee
")
w
ri
te
sS

or
te
d
te
xt
:

on
e
th
re
e
tw
o

Th
eo
pe
ra
to
rm

at
ch
es
()
is
im
po
rt
an
tf
or
sc
or
in
g
st
ri
ng
re
sp
on
se
s(
se
es
ec
tio
n
5.
3.
4)
,w
hi
le
th
er

es
ul
t_
te
xt
()
ca
n
be
us
ed
to
co
py
re
sp
on
se
s

to
re
su
lt
va
ri
ab
le
s(
se
es
ec
tio
n
5.
3.
10
).
Th
eo
pe
ra
to
rs

tr
ac
e_
te
xt
()
an
d
tr
ac
e_
sn
ap
sh
ot
()
ar
ei
m
po
rt
an
tf
or
ad
di
ng
us
er
-d
efi
ne
d
lo
g
ev
en
ts

to
th
e
tr
ac
e
lo
g
(s
ee
se
ct
io
n
4.
4.
6)
.
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TA
BL
E
B.
12
:F
in
ite
-s
ta
te
m
ac
hi
ne
op
er
at
or
sf
or
Ta
sk
M
an
ag
em
en
t

O
pe
ra
to
r

D
es
cr
ip
tio
n

is
Cu
rr
en
tT
as
k(
Ta
sk
)

Re
tu
rn
tr
ue
if
Ta
sk
is
cu
rr
en
tly
ex
ec
ut
in
g.

ne
xt
_t
as
k(
Ta
sk
,
Te
st
)

Sw
itc
h
to
th
e
ne
xt
ta
sk
.B
ot
h
pa
ra
m
et
er
sa
re
op
tio
na
l,
bu
tT
as
k
is
m
an
da
to
ry
if
Te
st
is

sp
ec
ifi
ed
.

-I
fn
o
pa
ra
m
et
er
is
gi
ve
n,
sw
itc
h
to
th
e
ne
xt
ta
sk
.I
ft
he
re
is
no
ne
xt
ta
sk
do
no
th
in
g.

(Th
e
ex
ec
ut
io
n
en
vi
ro
nm

en
ts
el
ec
ts
th
e
‘n
ex
t’
ta
sk
.)

-I
fa
Ta
sk
is
gi
ve
n,
go
to
th
is
ta
sk
(in

th
e
sp
ec
ifi
ed
Te
st
if
a
Te
st
is
gi
ve
n)
.I
fn
o
su
ch
ta
sk

ex
is
ts
do
no
th
in
g.

If
th
e
ta
sk
sw
itc
h
ta
rg
et
st
o
a
ta
sk
th
at
w
as
in
te
rr
up
te
d
be
fo
re
,t
he
ex
ec
ut
io
n

en
vi
ro
nm

en
td
ec
id
es
w
he
th
er
to
in
iti
at
e
a
ne
w
ta
sk
in
st
an
ce
no
w
or
to
re
su
m
e
th
e
ta
sk

in
te
rr
up
te
d
ea
rli
er
.

ba
ck
_t
as
k(
)

Sw
itc
h
ba
ck
to
th
e
pr
ev
io
us
ta
sk
.I
ft
he
re
is
no
pr
ev
io
us
ta
sk
do
no
th
in
g.
(Th
e
ex
ec
ut
io
n

en
vi
ro
nm

en
ts
el
ec
ts
th
e
‘n
ex
t’
ta
sk
.)
If
th
e
ta
sk
sw
itc
h
ta
rg
et
st
o
a
ta
sk
th
at
w
as

in
te
rr
up
te
d
be
fo
re
,t
he
ex
ec
ut
io
n
en
vi
ro
nm

en
td
ec
id
es
w
he
th
er
to
in
iti
at
e
a
ne
w
ta
sk

in
st
an
ce
no
w
or
to
re
su
m
e
th
e
ta
sk
in
te
rr
up
te
d
ea
rli
er
.

ca
nc
el
_t
as
k(
)

Te
rm
in
at
e
th
e
cu
rr
en
tt
as
k
w
ith
ou
ts
w
itc
hi
ng
to
an
ot
he
rt
as
k.

N
ot
ea
bo
ut
ex
ec
ut
io
n
se
qu
en
ce
w
he
n
us
ed
in
as
ta
te
m
ac
hi
ne
tr
an
si
tio
n
ru
le
:Th

es
ys
te
m
po
st
po
ne
st
as
k
sw
itc
he
su
nt
il
al
lo
th
er
op
er
at
or
s

in
a
tr
an
si
tio
n
ar
ee
xe
cu
te
d.
Fo
rm

ul
tip
le
ta
sk
sw
itc
h
op
er
at
or
si
n
a
si
ng
le
tr
an
si
tio
n
it
w
ill
on
ly
ex
ec
ut
et
he
la
st
ta
sk
sw
itc
h
en
co
un
te
re
d

du
ri
ng
th
et
ra
ns
iti
on
.F
or
at
ra
ns
iti
on
th
at
le
ad
st
o
as
ta
te
w
ith

ap
ag
ea
ss
ig
ne
d,
th
es
ys
te
m
sw
itc
he
st
o
th
is
pa
ge
af
te
ra
ll
ac
tio
ns
as
si
gn
ed

to
th
e
tr
an
si
tio
n
ar
e
ex
ec
ut
ed
.I
fa
ta
sk
sw
itc
h
ap
pe
ar
si
n
th
e
ac
tio
n
lis
to
ft
he
tr
an
si
tio
n,
th
e
pa
ge
sw
itc
h
is
do
ne
in
th
e
ol
d
ta
sk
si
nc
e

th
e
ta
sk
sw
itc
h
is
po
st
po
ne
d
as
de
sc
ri
be
d
ab
ov
e.

Ta
bl
e:
Fi
ni
te
-s
ta
te
m
ac
hi
ne
op
er
at
or
sf
or
Ca
lcu
la
tio
n
En
gi
ne
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TA
BL
E
B.
13
:L
og
ica
le
xp
re
ss
io
ns
in
th
e
do
m
ai
n
sp
ec
ifi
cl
an
gu
ag
e
(D
SL
)

O
pe
ra
to
r

D
es
cr
ip
tio
n

ca
lc
Ge
tM
em
(M
em
Id
x)

Re
tu
rn
th
e
ro
un
de
d
in
te
ge
rv
al
ue
of
th
e
ca
lc
ul
at
or
m
em
or
y
id
en
tifi
ed
by
M
em
or
yI
nd
ex
.R
et
ur
n
0

if
th
e
m
em
or
y
is
no
ti
ni
tia
liz
ed
or
no
ts
et
.

ca
lc
Op
(O
pe
ra
ti
on
,
In
te
ge
rP
ar
am
)

Pe
rf
or
m
sa
n
op
er
at
io
n
on
th
e
st
ac
k
of
th
e
ca
lc
ul
at
or
.Th

e
fo
llo
w
in
g
op
er
at
io
ns
ar
e
av
ai
la
bl
e:

-c
le
ar
:C
le
ar
st
he
la
st
op
er
an
d
on
to
p
of
th
e
st
ac
k
(if
an
y)
.

-c
le
ar
al
l:
Cl
ea
rs
th
e
fu
ll
st
ac
k.

-e
qu
al
s:
co
m
pu
te
st
he
re
su
lt
by
ex
ec
ut
in
g
al
lo
pe
ra
tio
ns
on
th
e
op
er
an
ds
on
th
e
st
ac
k.

-a
dd
:p
us
he
st
he
ad
d
op
er
at
io
n
to
th
e
st
ac
k.

-s
ub
tr
ac
t:
pu
sh
es
th
e
su
bt
ra
ct
op
er
at
io
n
to
th
e
st
ac
k.

-m
ul
ti
pl
y:
pu
sh
es
th
e
m
ul
tip
ly
op
er
at
io
n
to
th
e
st
ac
k.

-d
iv
id
e:
pu
sh
es
th
e
di
vi
de
op
er
at
io
n
to
th
e
st
ac
k.

-f
ac
t:
ca
lc
ul
at
es
th
e
fa
ct
or
ia
lo
ft
he
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

by
th
e

re
su
lt.

-p
ow
er
:c
al
cu
la
te
st
he
po
w
er
of
th
e
cu
rr
en
to
pe
ra
nd

ba
se
d
on
th
e
ex
po
ne
nt
‘ex
p’
gi
ve
n
as

In
te
ge
rP
ar
am

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt:
xe
xp

-n
po
we
r:
pu
sh
es
th
e
po
w
er
fu
nc
tio
n
on
th
e
st
ac
k
(a
nd

ex
pe
ct
sa
n-
th
po
w
er
in
te
ge
ro
pe
ra
nd
):
xy

-r
oo
t:
ca
lc
ul
at
es
th
e
po
w
er
of
th
e
cu
rr
en
to
pe
ra
nd

ba
se
d
on
th
e
in
ve
rs
e
ex
po
ne
nt
gi
ve
n
as

In
te
ge
rP
ar
am

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt:
x1
/e
xp

-n
ro
ot
:p
us
he
st
he
ro
ot
fu
nc
tio
n
on
th
e
st
ac
k
(a
nd

ex
pe
ct
sa
n-
th
ro
ot
in
te
ge
ro
pe
ra
nd
):
x1
/y

-s
in
:c
al
cu
la
te
st
he
si
ne
fu
nc
tio
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e

st
ac
k
by
th
e
re
su
lt.

-c
os
:c
al
cu
la
te
st
he
co
si
ne
fu
nc
tio
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt.

-t
an
:c
al
cu
la
te
st
he
ta
ng
en
tf
un
ct
io
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt.
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O
pe
ra
to
r

D
es
cr
ip
tio
n

-c
ot
:c
al
cu
la
te
st
he
co
ta
ng
en
tf
un
ct
io
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt.

-s
ec
:c
al
cu
la
te
st
he
se
ca
nt
fu
nc
tio
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt.

-c
sc
:c
al
cu
la
te
st
he
co
se
ca
nt
fu
nc
tio
n
of
th
e
cu
rr
en
to
pe
ra
nd

an
d
re
pl
ac
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
by
th
e
re
su
lt.

-e
:c
al
cu
la
te
st
he
na
tu
ra
le
xp
on
en
tia
tio
n
(b
as
e
‘e’
)o
ft
he
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
an
d

re
pl
ac
es
it
by
th
e
re
su
lt:
ex

-e
xp
:c
al
cu
la
te
st
he
ex
po
ne
nt
ia
tio
n
of
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
w
ith

th
e
ba
se
gi
ve
n
as

In
te
ge
rP
ar
am

an
d
re
pl
ac
es
it
by
th
e
re
su
lt:
ba
se
x

-l
n:
ca
lc
ul
at
es
th
e
na
tu
ra
ll
og
ar
ith
m
(b
as
e
‘e’
)o
ft
he
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
an
d
re
pl
ac
es
it

by
th
e
re
su
lt:
ln

-l
og
:c
al
cu
la
te
st
he
lo
ga
ri
th
m
of
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
w
ith

th
e
ba
se
gi
ve
n
as

In
te
ge
rP
ar
am

an
d
re
pl
ac
es
it
by
th
e
re
su
lt:
lo
g b
as
e

-i
nv
mu
lt
:c
al
cu
la
te
st
he
in
ve
rs
e
of
th
e
cu
rr
en
to
pe
ra
nd
,i
.e
.d
iv
id
es
1b
y
th
e
cu
rr
en
to
pe
ra
nd
:1
/x

-i
nv
po
we
r:
pu
sh
es
th
e
in
ve
rs
e
po
w
er
fu
nc
tio
n,
i.e
.n
-t
h
fu
nc
tio
n
on
th
e
st
ac
k
(a
nd

ex
pe
ct
sa
n-
th

po
w
er
in
te
ge
ro
pe
ra
nd

>
0)
:l
og

yx
-l

ef
tb
r:
pu
sh
es
a
le
ft
(o
pe
ni
ng
)b
ra
ck
et
on
th
e
st
ac
k
as
a
m
ar
ke
rf
or
in
te
rm
ed
ia
te
ca
lc
ul
at
io
n.

-r
ig
ht
br
:p
us
he
sa
ri
gh
t(
cl
os
in
g)
br
ac
ke
to
n
th
e
st
ac
k
an
d
ca
lc
ul
at
es
th
e
re
su
lt
of
th
e
ex
pr
es
si
on

be
tw
ee
n
th
e
co
rr
es
po
nd
in
g
le
ft
br
ac
ke
ta
nd

re
pl
ac
es
it
by
pu
sh
in
g
th
e
re
su
lt
on
th
e
st
ac
k.

-m
sa
ve
:s
av
es
th
e
cu
rr
en
to
pe
ra
nd

on
to
p
of
th
e
st
ac
k
in
to
th
e
m
em
or
y
re
fe
rr
ed
to
by
th
e
m
em
or
y

in
de
x
gi
ve
n
as
In
te
ge
rP
ar
am

.
-m

re
ad
:r
ea
ds
th
e
m
em
or
y
va
lu
e
re
fe
rr
ed
to
by
th
e
m
em
or
y
in
de
x
gi
ve
n
as
In
te
ge
rP
ar
am

an
d

pu
sh
es
it
on
to
p
of
th
e
st
ac
k
(o
rr
ep
la
ce
st
he
cu
rr
en
to
pe
ra
nd
).

-m
cl
ea
r:
cl
ea
rs
th
e
m
em
or
y
re
fe
rr
ed
to
by
th
e
m
em
or
y
in
de
x
gi
ve
n
as
In
te
ge
rP
ar
am

(i.
e.
se
ts
it
to

0)
.
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O
pe
ra
to
r

D
es
cr
ip
tio
n

-m
ad
d:
ad
ds
th
e
cu
rr
en
to
pe
ra
nd

on
to
p
of
th
e
st
ac
k
to
th
e
re
fe
rr
ed
m
em
or
y
va
lu
e
an
d
sa
ve
st
he

re
su
lt
in
th
e
re
fe
rr
ed
m
em
or
y.

-m
su
bt
ra
ct
:s
ub
tr
ac
ts
th
e
cu
rr
en
to
pe
ra
nd

on
to
p
of
th
e
st
ac
k
fr
om

th
e
re
fe
rr
ed
m
em
or
y
va
lu
e

an
d
sa
ve
st
he
re
su
lt
in
th
e
re
fe
rr
ed
m
em
or
y.

ca
lc
Op
nd
(O
pe
ra
ti
on
,
Di
gi
ts
)

M
od
ifi
es
th
e
cu
rr
en
to
pe
ra
nd

on
th
e
st
ac
k
of
th
e
ca
lc
ul
at
or
.Th

e
fo
llo
w
in
g
O
pe
ra
tio
ns
ar
e

av
ai
la
bl
e
(th
e
pa
ra
m
et
er
D
ig
its
–
a
no
n
ne
ga
tiv
e
in
te
ge
r–

m
ay
be
op
tio
na
l):

-a
dd
:a
dd
sD

ig
its
at
th
e
en
d
of
th
e
cu
rr
en
to
pe
ra
nd
.

-d
ec
im
al
:s
et
st
he
de
ci
m
al
pl
ac
e
an
d
ad
ds
D
ig
its
at
th
e
en
d
of
th
e
cu
rr
en
to
pe
ra
nd

(if
sp
ec
ifi
ed
).

-b
ac
k:
re
m
ov
es
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B.3 Regular Expression Symbols

TABLEB.18: Regular Expression Symbols

Symbols Description of Regular Expression

. Matches any character except line breaks. Equivalent to [^\n\r].
^ Beginning. Matches the beginning of a string3 or of a line.
$ End. Matches the end of the string or of the line.
() Capturing group. Groupingmultiple expressions.
{} Quantifier. Defines the number of times that the character in front of

the opening bracket occurs
{x,y} x =minimum, y =maximum number of repetitions.
[] Character set. Matches any character in the set.
[^] Negated set. Match any character that is not in the set.
\| Alternation. Matches the expression before or after the \|.
? Optional. Match between 0 and 1 of the preceding token.
+ Match 1 or more of the preceding token.
* Match 0 or more of the preceding token.
.* Set the preliminary or later string part free.
\\ Matches the character after the \\.
?: Non-capturing Group. Groups multiple tokens together without

creating a capture group.
\\\\ Matches a backslash.
[\\s\\S] Match any character.
[a-z] Range. Matches a character in the range a to z.
[A-Z 0-9] Matches only upper case letters, blanks and digits.
[a-zA-Z]? Matches single characters (only one character or empty string).
[^a-z] Matches all characters except lower case letters.
[0-9] Matches any character in the range 0 to 9.
\\d Digit. Matches any digit character, equals [0-9].
\\D Not digit. Matches any character that is not a digit character, equals

[^0-9].
\\s Whitespace. Matches any whitespace character (spaces, tabs, line

breakes).
\\S Not whitespace. Matches any character that is not a whitespace

character.
\\w Word. Matches any word character (alphanumeric), equals [a-zA-Z

0-9].
\\W Not word. Matches any character that is not a word character

(alphanumeric), equals [^a-zA-Z0-9].
\\n Line break.
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B.4 Technical Configuration

By default, the configuration of the CBA ItemBuilder provided in the cba-
itembuilder.ini activates the following features:

• State-Machine Degubber (-DAllowFSMDebugging=true)
• Trace Debugger (-DAllowTraceDebugging=true)
• Scoring Viewer (-DAllowScoreDebugging=true)

Parameter Description

-DAllowFSMDebugging=true Allows opening the Finite-StateMachine
(FSM) Viewer in the preview (using Ctrl+M)
for debugging the FSM state. Only intended
for item development.

-DAllowTraceDebugging=true Allows opening the Trace Event Viewer in the
preview (using Ctrl+T) for testing and
debugging the logging. Only intended for
item development.

-DAllowScoreDebugging=true Allows opening the Scoring Viewer in the
preview (using Ctrl+S) for debugging the
implemented scoring. Only intended for
item development.

Additional features can be de-activated by modifying the cba-itembuilder.ini file:

Parameter Description

-Dfile.encoding=UTF-8 Support for non-Western European
languages.

-DsimpleTextEditorWrap=yes Automatic word wrap in the Simple Text
Editor (for SimpleTextFields and
InputFields).

-DTraceHighlightedText=true Traces the highlighted texts (start, end
position and text).

-DTraceVerbose=true Shows Trace Events on console and log files.
-DalwaysGenerateAtSave=yes Forces automatic generation of the project

before saving (should be set to yes).
-DdefaultItemHeight=NNN Default CBA Item height in pixel (NNN), 715

pixel if none is defined.
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Parameter Description

-DdefaultItemWidth=NNN Default CBA Itemwidth in pixel (NNN). 722
pixel if none is defined.

-DDefinedOrdering=false Does not apply the defined ordering for
overlapping graphical components. Only
used for backward compatibility for the old
style undefined ordering (applied before rel.
3.4.0).

-DisTreeViewShowsAll=no Shows all components in the Component
View (to be used only for debugging
purposes).

-Donline.help.update.site= Default path where the bundle to update the
CBA Item Builder help feature is located.

-DPreloadImages=true Preloads images of all
image/IconValueDisplays at startup of an
item, so that value changes are displayed
without delay at runtime (default= false).

-DPreloadTextFields TextFields are pre-loaded when the item is
initialized the first time.The preloaded
TextFields will render much faster at first
display time.This is only supported for the
browsers Firefox and Internet Explorer due
to technical limitations in other browsers
(for example Chrome).

-
Djava.util.Arrays.useLegacyMergeSort=true

RequiredMergeSort algorithm.

-Declipse.consoleLog=true TODO
-Djetty.port=7070 Port used by the internal servlet engine Jetty

for previewing items.
-Donline.help.update.site= TODO
-
Dosgi.Framework.extensions=org.eclipse.equinox.weaving.hook

TODO

-
Dsun.rmi.dgc.client.gcInterval=3600000

TODO

-D defaultItemHeigh= Default presentation size (height)
-D defaultItemWidth= Default presentation size (width)
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B.5 CBA ItemBuilder Versions

 

 

TABLEB.21: CBA ItemBuilder Versions (with React-based runtime)

Version Date Links

10.0 2023-11-06 Runtime, JSON Schema, EE4Basic,
Reference

9.9 2023-03-23 Runtime, JSON Schema, EE4Basic,
Reference

9.8 2022-09-22 Runtime, JSON Schema
9.7 2022-04-20 Runtime, JSON Schema
9.6 2021-12-16 Runtime, JSON Schema
9.5 2021-08-19 Runtime, JSON Schema
9.4 2021-05-28 Runtime, JSON Schema
9.3 2021-04-08 Runtime, JSON Schema
9.2 2020-12-18 Runtime, JSON Schema
9.1 2020-10-01 Runtime, JSON Schema
9.0 2020-06-17 Runtime, JSON Schema
… … Previous versions not listed here

https://reactjs.org/
https://kroehne.github.io/CBAItemBuilderBook/download/10_0/runtime_10_0_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/10_0/jsonschema_10_0_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/10_0/ee4basics-10.0.0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/10_0/CBA-Reference-10_0_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_9/runtime_9_9_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_9/jsonschema_9_9_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_9/ee4basics-9.9.0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_9/CBA-Reference-9_9_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_8/runtime_9_8_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_8/jsonschema_9_8_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_7/runtime_9_7_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_7/jsonschema_9_7_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_6/runtime_9_6_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_6/jsonschema_9_6_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_5/runtime_9_5_1.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_5/jsonschema_9_5_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_4/runtime_9_4_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_4/jsonschema_9_4_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_3/runtime_9_3_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_3/jsonschema_9_3_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_2/runtime_9_2_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_2/jsonschema_9_2_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_1/runtime_9_1_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_1/jsonschema_9_1_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_0/runtime_9_0_0.zip
https://kroehne.github.io/CBAItemBuilderBook/download/9_0/jsonschema_9_0_0.zip


B.6 Component Register 533

B.6 Component Register

 

 

The following Table B.22 contains references for all components of the CBA Item-
Builder, indicatingwhere in thismanual the components are described (columnRef-
erence), which page type is required to use the component (column Page) and which
containers allow using the component (column Container).
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B.7 Documenetation Log Events

 

 

During the delivery of assessment components created with the CBA ItemBuilder,
log events are generated, which can be collected and stored by the software used
for test deployment. The log events are delivered using the TaskPlayer API (see sec-
tion 7.7) as JSON objects. The deployment software is responsible for storing and
probably transforming the format of the data provided in log events. Raw Log Events
are generated by default (see section 2.8.1).The documentation of the different Raw
Log Events provided by CBA ItemBuilder is done separately for events of different
components-categories:

• RawLogEvents for basic components (tableB.23): Click events for buttons and links,
page change and scroll events

• Raw Log Events for components that support selection (table B.24): Log events that
occur when components in the test are clicked or selected

• Raw Log Events for answer-changes (table B.25): Log events, which can indicate the
change of a response

• Raw Log Events for text entry components (table B.26): Log events for selection and
modification of components for text entry

• RawLog Events for value inputs (table B.27): Log events for value input components
• Raw Log Events for audio an video components (table B.28): Log events for player
components used to embedmedia

• RawLogEvents for tree components (tableB.29): Log events for theCBAItemBuilder
tree component

• RawLogEvents for advanced components (tableB.30): Log events for advanced com-
ponents

• RawLogEvents for text highlighting (table B.31): Log events for the text highlighting
in TextFields

• RawLogEvents for test deployment (table B.32): Log events for the test deployment.
Note that the deployment software can provide additional events.

As described in section 2.8.4 log data can be stored in different formats, such as the
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Universal LogFormat, Flat andSparse LogDataTables or as eXtensibleEvent Stream (XES).
All formats use theThe event name is either contained as a column (flat and sparse log
data table) or corresponds to the table inwhich the log data of this event type is stored
(universal log format).

The different tables list the events with different names (event type), give a short de-
scription, and name the central event-specific data transmitted by the events. Op-
tional attributes are speciallymarked.Beyond thedocumentedattributes, log events
often provide the following additional attributes:

• indexPath: The index path of the component instance.
• userDefIdPath: The user defined ID path of the component instance.
• clientX/clientY/pageX/pageY/screenX/screenY:Thepositionof the element indiffer-
ent metrics.

These attributes’ values reproduce properties of the affected components and can be
used to map the affected parts of the instrument (beyond the UserDefinedID).1

 

 

FIGUREB.1:Example item illustrating Raw Log-Events (html|ib).

1Two additional events are not included in the tables: The event Snapshot provides a snapshot (i.e., a
restoring point for the current task) and the vent Recommend is currently marked as obsolete.

https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UnitTestLogging/Task01/
https://kroehne.github.io/CBAItemBuilderBook/items/10_00/UnitTestLogging.zip
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