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Preface

This book is one of the results from the project ‘Active Learning, Transparent Assessment’ (Actief
Leren, Transparant Beoordelen — ALTB). It reflects the experience in design and development of a
little more than 2000 of closed questions in fifteen small to midsized projects at four universities:
Wageningen University (WU), Vrije Universiteit (VU), Delft University of Technology (TUDelft) and
Fontys University of Applied Science (Fontys) and converts this experience in a methodology.
Practical problems in the earlier projects led to literature searches, formation of theory and
application of methodological results in subsequent projects. Thus, design is the core of this book.
The methodology presented in this book is the result of a design process and the methodology is a
methodology for the design and development of digital closed questions.
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1 Introduction

Rob Hartog
Wageningen University

Silvester Draaijer
Vrije Universiteit Amsterdam

Motto.

"We believe that the model of basic research by a group of scientists, with results that inform
practice by a group of educators, is misconceived.

The search for knowledge and understanding and the development of educational resources must
be concurrent concerns and interactive activities.

The alternative vision, which we prefer, has inquiry coupled with the development of resources, so
that development is guided by and informs the growth of scientific principles and concepts, and
scientific inquiry addresses questions that are important in practice” (Gardner et al., 1990)

1.1 The aim of the ALTB project

”

This book presents the main results of the SURF project “Active Learning, Transparent Assessment
(Actief Leren, Transparant Beoordelen — ALTB) (Hartog, 2004). The primary aim of the ALTB
project was to provide a methodology for design and development of digital closed questions in
higher education. The research question of the ALTB project was essentially: ‘How and under what
conditions is it possible to support the design and development of digital closed questions in higher
education? The answer should support the rationale for the methodology.

The SURF ALTB project was carried out in 2005 and 2006 at four universities. A number of tasks in
the ALTB project were carried out by a testing and assessment company.The ALTB project
incorporated fifteen small and midsized projects divided on the design and development of digital
items. The aim of these various subprojects was to develop sets of questions for summative use,
and for use in quizzes intended for formative applications. A systematic approach to the design and
development of digital items was used under a range of conditions, in situations involving various
forms of collaboration and types of task division.The intention was to identify the potential of digital
items and to determine how they can best be used, to collate people’s experiences in design and
development teams, and to formulate the lessons learned. These experiences were essential input
for the development of a methodology for digital item design.

1.2 A methodology for design and development

In this book, a methodology for design and development (D & D) of closed questions is defined by:

e a conceptual framework and taxonomy ;

e design requirements, i.e. requirements that must be satisfied by the resulting questions;
design guidelines, i.e. guidelines that give designers direction and help them to arrive at
results that satisfy the requirements;

procedures that define how to use these guidelines;

design patterns and paradigm examples;

scenarios that match tasks and resources in different contexts;

links between the near past, the present and the near future.

At a more detailed level, such a methodology will also provide many do’s and don’ts.



1.3 Innovative closed question types

Currently available Computer-based Assessment systems (CBA systems) offer a great variety of
digital item types (Bull et al., 2001; Mills et al., 2002; Parshall et al., 2002) such as multiple
answer, drop-down lists, numeric, hot-spot, drag-and-drop. These systems also enable a variety of
item types to be deployed within a single assessment. The availability of CBA systems and the
Internet make it easier than ever before for Subject Matter Experts (SMEs - professors, academics,
lecturers, tutors, instructors) to use such innovative item types. In addition, other digital options
can be used such as the inclusion of images. Several authors have referred to these item types as
innovative. SMEs in many higher education courses are already using digital item types that are
made available via CBA systems and Learning Management Systems (LMSs). One recurring
problem, however, is how to make optimal use of these new possibilities.

1.4 User roles in designing digital items for higher education

Within the field of higher education, digital test items are usually developed within the context of a
course taught by SMEs and their assistants. In general, SMEs and their assistants have limited time
for designing and developing such items, as well as limited skills and experience. In practice,
Educational Technologists (ETs) experience a growing demand for advice. Furthermore, ETs receive
more requests to participate in small to midsized projects on design and develop pools of digital
test items. These items are generally used in summative assessments, and in quizzes aimed at
stimulating active learning. ETs need a methodology for the design and development of digital
items if they are to provide the best possible advice to those involved in projects of this kind.

1.5 Primary results of the ALTB project

1.5.1 A conceptual framework and taxonomy of item types

In answer to requests from the case studies in the ALTB project, a response based closed question
framework and a taxonomy of question types was developed. The framework is more fundamental
than existing frameworks, precisely because it is only based on the response structure. An
important problem with frameworks from literature is that question types with essentially the same
response structure are considered as fundamentally different. Other problems with existing
frameworks were that the same name often referred to different question types or that the same
question type had different names.

Chapter 2 describes the framework developed in ALTB and the corresponding taxonomy. The
framework is illustrated with examples of closed questions and comparisons with concepts and
types, which are usually defined at an operational level in CBA systems. Finally, the closed question
types are matched with the interactions described in the Question and Test Interoperability 2
specification (QTI2). In reading the other chapters of this book the reader should keep in mind that
the concepts and type definitions are primarily the result of interaction between theory
development and needs that were revealed during the projects. The concepts and type definitions
were not input for the case studies in ALTB.

The framework is directly important for researchers in assessment, system developers and
educational technologists. It is not likely that SMEs or their assistants can directly benefit from the
framework. However ETs will use the conceptual insights provided by the framework in answering
questions from SMEs or their assistants.

Researchers
Assessment, System University
SME ASME ET Learning Y Administrati
Developer
and on
Instruction
H2. Concepts & +/- +/- ++ ++ ++ -
taxonomy
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In order to enable the non-specialist readers to read any chapter as a stand alone chapter, the
newly developed terminology is mainly restricted to Chapter 2 and more traditional labels for
question types are still used in the sequel.

1.5.2 Design requirements and scoring rules

For traditional multiple-choice questions literature provides many design requirements. Among
digital closed questions three types of questions required much attention in the case studies, in
particular in relation to the issue of scoring. These types are in the traditional terminology
sometimes called Multiple Response questions (‘MR questions’), but they also appear under various
other labels. For these question types, the ALTB project provides in Chapter 3 extensions of
existing theory, additional design requirements and scoring rules. Chapter 3 relates practical issues
with the three types and with essential design requirements and additional guidelines. This chapter
aims primarily at ETs and system developers. It is up to system developers to implement these
scoring rules. The main function of Chapter 3 in current design and development projects, is that it
helps ETs to avoid confusing discussions on the use and scoring of ‘MR-questions’ and warns ETs to
check available systems for support of the ALTB scoring rules.

Researchers
Assessment, System University
SME ASME ET Learning Administrati
Developer
and on
Instruction
3. Requirements + + ++ ++ ++ -
& scoring
1.5.3 Design guidelines and how to use them

In the ALTB project, extensive experience with sixty design guidelines was recorded in the fifteen
case studies. The main conclusions were the following:

1. In each project only a small subset of the ALTB list was applicable

2. This subset was different for different projects

3. Presenting the complete ALTB list to SME’s and their assistants is not beneficial and
sometimes even counterproductive

4. ETs should select a small subset from the ALTB list and present this subset in the design
and development team and focus on this subset and corresponding design patterns.

The ALTB list of design guidelines was derived from literature. This was not as trivial as it may
sound. The literature contains long lists of explicit design ‘guidelines’ for multiple-choice items
(T/F, alternate choice, four options) to be used in assessments. See, for example, Haladyna and
Downing(2002). The ALTB project, however, made clear that SMEs regard most of these
‘guidelines’ to be unhelpful. This is due to the fact that such ‘guidelines’ often actually are
requirements in stead of pointers for inspiration. The ALTB case studies made clear that ETs should
avoid focusing their advice and participation on the promotion of such requirements in disguise.

Chapter 4 presents and analyzes experience with guidelines in fifteen case studies. Chapter 4
primarily aims at ETs and at the community of assessment researchers.

Researchers
Assessment, Svstem University
SME ASME ET Learning Y Administrati
Developer
and on
Instruction
4. Guidelines +/- +/- ++ ++ - -
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In order to support ETs in selecting a small subset of guidelines to be used in a specific project for
the design and development of pools of closed questions, two selection procedures have been
developed in the ALTB project. Chapter 5 presents one procedure for selecting and applying
guidelines for design and development of closed questions that will be used in assessments and
one procedure for selecting and applying guidelines for design and development of closed questions
that will function as activating learning material.

SME'’s and assistants who want to know more about design guidelines might want to read Chapter
4,

SME's and assistents who just want a small subset of guidelines have two options: they can involve
an ET or they can use the procedures in Chapter 5 to select an adequate subset.

Researchers
Assessment, System University
SME ASME ET Learning Administrati
Developer
and on
Instruction
5. How to select + + ++ +/- - -
adequate
guidelines
1.5.4 Design patterns and paradigm examples of digital closes questions

The ALTB project revealed that ETs and SMEs were seldom able to use example items from
literature as paradigm examples or as a source of inspiration. One major problem was that SMEs
encountered great difficulty in abstracting the examples. That imposes a barrier to subsequent
transformation of those examples for applicability for their own courses.

The ALTB project produced a set of design patterns and corresponding paradigm examples in order
to support the design of digital closed questions. In order to present these patterns also a pattern
representation format was developed in the ALTB project.

The term “Design Pattern”, which was introduced by (Alexander, 1979, p. 206) in the seventies of
the last century is a concept used in architectural design. It was adopted for use in software
engineering (Gamma et al., 1994) about 15 years later. Design patterns are generic combinations
of components or solutions to recurring problems in designs. It is not realistic to suppose that
designers design from scratch. On the contrary, an experienced designer is supposed to have many
design patterns in mind. "It is only because a person has a pattern language in his mind, that he
can be creative when he builds" (Alexander, 1979, p. 206) . Competent designers can instantly
match a problem to the appropriate design pattern to arrive at satisfactory solutions to given
problems and contexts. Design patterns are therefore an integral component of design
methodology.

To date, it is likely that most ETs have internalized only a few design patterns for digital closed
quesitons, or that they have very limited numbers of these resources to hand. Yet ETs have the
most to gain from the design pattern approach. It would enable them to provide better support for
the SMEs, by supplying appropriate design patterns at just the right moment in item-development
projects. The design pattern approach allows for a faster, more economical, yet more varied
deployment of digital items.

In the ALTB project, more and more design patterns for innovative questions were being developed
or derived. Experience in the last case studies is in keeping with the rule that design patterns are
important for good design and that design of digital closed questions is not an exception to this
rule. In particular, every ET who is involved in design and development of closed questions should
have internalized a large set of design patterns.
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Presenting examples as a means to help designers in the initial design stages only helps if the
subject matter of the example is very close to the subject matter to be covered in the course for
which closed questions are being designed. While guidelines often proved to be too abstract and
generic, and examples were too concrete and specific, design patterns proved to be more adequate
for supporting question designers. The importance of the concept of design patterns as an
instrument for a methodology derives from the limitations of individual examples, and the
limitations of factors such as the usefulness of guidelines and the value of frameworks.

Chapter 6 presents a set of design patterns and corresponding paradigm examples.
The primary intended audiences for this chapter are educational technologists, subject matter
experts (professors, lecturers) and their assistant question designers.

Researchers
Assessment, Svstem University
SME ASME ET Learning Y Administrati
Developer
and on
Instruction
6. Design Patterns | ++ ++ ++ + ++ -

1.5.5 Scenarios and budget templates for midsized projects

Ideally, design and development of pools of questions is teamwork. Based on the fifteen ALTB case
studies a set of design and development tasks has been identified. Next, tasks and resources were
matched. Ten possible scenarios for carrying out midsized design and development projects were
developed. For these scenarios budget templates were developed as well. Chapter 7 describes the
tasks, scenarios, budget templates. The chapter also provides some estimates of costs based on
experience in the fifteen case studies.

From the experience in the ALTB project, it must be concluded that design and development of
closed questions that are regarded as appropriate by the subject matter expert (SME), will cost
about two hours per question on average. This implies that a project plan should be based on an
expected design and development time of two hours per question. It turns out that this estimate is
very counter intuitive for most academics. Most academics regard the design and development of
questions to be a task that can be executed in much less time. A principal reason why this effort is
higher than expected in general, is that the design and development of questions is a cyclic and
concentric process. Usually several versions of questions are made before a version is produced
that satisfies the design team. Almost every question goes through several implicit or explicit
stages of review and refinement. In addition to that, digital and innovative question formats call for
even more effort because they add an extra conceptual, technical and management dimension to
the design and development process. On the other hand, budgets allocated for design and
development of questions as part of test construction projects aimed at many participants (for
example on a national scale) are often much larger.

The primary intended audiences for this chapter are SMEs, ETs but also higher level managers
within the university.

Researchers
Assessment, System University
SME ASME ET Learning Y Administrati
Developer
and on
Instruction
7. Scenarios, & ++ + ++ + ++ ++
budget templates
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1.5.6 Insight in the required functionality of future LMSs and CBA systems

The scenarios as presented in Chapter 7 are based on the functionality and modality of the most
commonly available LMSs and CBA systems. More advanced LMS and CBA functionality would
considerably simplify the scenarios.

Chapter 8 describes how the IMS Question and Test Interoperability specification (IMS, 2006f) can
be used as a means to support the design and development of innovative closed questions. The
chapter describes the five dimensions of innovation that can be distinguished in closed question
assessment items and links them to the functionalities supported by the IMS QTI specification. The
chapter shows that the QTI specification offers enough flexibility and supports enough functionality
to be used as the basis for innovative closed question items and very interactive structures of
multiple individual questions. Furthermore, the chapter describes the functionalitiy requirements
for a flexible authoring environment for assessment items which surfaced in the ALTB case studies.
Finally the chapter clarifies how these functionalities can be realized based on web services in a
service oriented architecture.

This ALTB output is rather technical. The primary intended audiences of this chapter are system
developers and educational technologists.

G Researchers

Assessment, System University
SME ASME ET Learning Y Administrati
Developer

and on
Instruction

8. Computer - - ++ + ++ -

Support

1.5.7 Insight in the possibilities of question and test interoperability

In the ALTB project, the expectations about large scale adoption of the QTI 2 specification were
initially high. Actual developments with respect to implementation of authoring and delivery
systems that are, at least to a certain extent, conform the QTI 2 specification, have been
disappointing and a cause for worry as well. In the ALTB project, the QTI 2 specification has mainly
contributed in terms of conceptual insight. However, this conceptual insight was limited to very few
team members and was only acquired by many hours of study and involvement in design and
development of a delivery system for QTI 2. The initial assumption that the concepts would also
support question designers, could not be confirmed in the project. The most commonly used
terminology about closed questions is confusing and it will take a real effort to change over to
another terminology. At least, educational technologists should be able to map the most commonly
used terms onto the concepts defined in the QTI 2 specification and concepts based on the
structure of the response as defined in Chapter 2. Against the background of the experience with
the QTI 2 specification, it is very important that a few implementations become available soon.

In the ALTB project, about 180 questions have been represented as QTI 2 interactions. These
guestions and their XML - QTI 2 representations, can be viewed on the ALTB website (Hartog,
2005).

1.5.8 Training materials

The ALTB project has produced some instructional materiasl for ETs and assistants of SMEs. This
material can be found on the ALTB website (Hartog, 2005). In particular, a Blackboard course on
the use of design patterns can be downloaded from the site. Furthermore, several chapters in this
book are intended to be suitable as training material as well. In particular the chapters on design
patterns (Chapter 6) and on task structures and resource allocations (Chapter 7) can be used
directly for training of ET's, but also for training SME’s and their assistants.
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1.5.9 Further research

The ALTB project revealed a strong need for authoring and design support in the initial stages of
design or in collaborative design in later stages. In Chapter 8, the functionality and workflow
support that is really necessary is described. Currently such functionality and workflow support is
lacking. The gap between what is really needed and what is available is huge. The task descriptions
and suggestions for task allocation and communication in Chapter 7 are to a large extent based on
systems that are currently in use.

The ALTB project has provided a wealth of experience. In evaluating the conclusions and results of
the ALTB project, it is essential to keep in mind the scope of the project. On the one hand, this
scope is wide in the sense that it covers design and development of closed questions in which the
questions serve different roles. On the other hand, the scope is limited in several ways. First the
scope is limited to small and midsized projects in higher education. Furthermore, the scope is
limited to natural, engineering, and social sciences. Thus, fields like linguistics or literature were
not within the scope of the ALTB project. Finally, the scope does not include many details of the
actual construction of complete tests, execution of tests and analyzes.

1.5.10 The ‘cluster of five approach’

For design and development of closed questions that are going to be used in assessment the
‘cluster of five approach’ was developed.

Obviously, questions designed and developed for the CBA role will have to be measurement
instruments and thus a number of requirements related to measurement will apply. Furthermore,
in projects for design and development of question pools for assessment, it makes sense to aim
directly at equivalent sets of questions. A good approach is to design and develop four additional
equivalent questions for this cluster, as soon as the first question has been validated. In this book,
this approach is called the ‘cluster of five’ approach. The ‘cluster of five aproach’ also implies that a
project aiming at CBA, will have a minimum size that is considerably larger than a project aiming
at the role of activating learning material.

The fact that the ‘cluster of five approach’ is important for design and development of questions for
assessment but not relevant for design and development of questions for activating learning is a
starting point in Chapter 5 and in Chapter 7.

1.5.11 Quality

Of course, costs for design and development projects should be linked to a well defined quality
level for each relevant quality dimension. The general quality dimensions for the CBA role are
validity, reliability and discrimination power of questions. For the ALM role, parameters such as the
motivational value and specificity of feedback are of importance. However, many of such ‘abstact’
parameter values can only be estimated ex ante. Given the limitations in budget and student
numbers of many project in higher education these parameters are often not usable in practice.
For a number of quality dimensions, there are no clear criteria in terms of a minimum level.

A fundamental problem is that in higher education, quality is primarily related to the extent to
which the question - in view of the SME - operationalizes understanding of a concept, a procedure,
a technique and so on and so forth.

In the ALTB project, explicit quality levels were therefore not defined from the start. As said, this is
quite normal in higher education and is therefore an aspect of a methodology for innovative design
and development of questions. As a result however, every teacher and educational developer in
higher education has his/her own quality standards. For the ‘two hours per question’ conclusion,
this means that the quality level of the questions is defined implicitly by the validators in the
subprojects through statements such as ‘this question is good’. This can be viewed as ‘defining
quality by example’. In particular, with respect to the mapping of a learning objective to a
question, this is a workable option.

Defining quality of innovative closed questions in higher education is a challenge for future
research.
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1.5.12 Design and Development of closed questions in competency based education

Many institutions in higher education have adopted to some extent a competency based education
philosophy. The practice in higher education is that assessment of competencies using closed
guestions in the initial years of curriculum, is a real challenge for which few satisfactory solutions
have been published.

In the ALTB project, it was assumed that linking competency directed education with closed
questions can best be approached by developing cases and integrating closed questions in these
cases. Information is more meaningful and can be retrieved easier when - in a learning situation -
it is presented or embedded in real life professional situations (e.g. Merriénboer et al., 2002).
Based on that idea, the professional situation (case) of a graduated professional in a specific
domain could be the basis of these questions. For the ALM role, already some successes of such an
approach were reported (Aegerter-Wilmsen et al., 2003; Aegerter-Wilmsen et al., 2005; Schaaf et
al., 2003; Schaaf et al., 2006). One sub project in ALTB, focused explicitly on competency based
education and developed a case, based on the operation of a swimming pool. For this project it
turned out that the actual questions could easily be mapped on traditional detailed learning
objectives. In two other sub projects in ALTB, cases were used as a foundation for sets of closed
guestions. In these two other projects the philosophy of competency directed education was less
explicit.

All in all, it is now concluded that, given the current status of adoption of competency directed
education in higher education and the limitations of current LMSs and systems for CBA, it is difficult
to design and develop closed questions that really support the competency directed approach.
Chapter 8 shows how QTI2 enables the representation of cases. Such cases could be used for
competency assessment.

1.6 Methodologies are never complete

The most basic influence leading to changes in any is of course the influence of growing insight.
With respect to design and development of digital closed questions, contextual changes are drivers
for new insights and aspects. Contextual changes are for example developments with respect to
standards, specifications and reference models such as QTI (IMS, 2005) and SCORM (ADL, 2006),
but also the influence of de facto standards such as widely used learning management
environments and systems for computer-based assessment.

At the start of the ALTB project, the ALTB team assumed that there would be many building blocks
for a methodology in literature. The team was surprised how little could be found in standard
approaches for instructional design or literature on item writing. With respect to assessment,
Anderson et al. (2001, p. 298) wrote : " Forty Four years after publication of the handbook [...] we
could add little that would show any advance in item writing”. Question design and development
does call for a specific methodology that takes into account both the ideal design and development
strategies, whilst also recognising and addressing approaches for the barriers and limitations that
are encountered in actual situations in higher education. Given the evolutionary change in higher
education in both content, organization and technology, a methodology will always have to be
adapted accordingly.
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Table 1: Overview of intended audiences for each of the chapters in the book

Researchers
Assessment, System University
SME ASME ET Learning and Developer Administration
Instruction
1. Intro ++ ++ ++ ++ ++ ++
2. Concepts & +/- +/- ++ ++ ++ -
taxonomy
3. Requirements & + + ++ ++ ++ -
scoring
4. Guidelines +/- +/- ++ ++ - -
5. How to select + + ++ +/- - -
adequate guidelines
6. Design Patterns ++ ++ ++ + ++ -
7. Scenarios, & ++ + ++ + ++ ++
budget templates
8. Computer - - ++ + ++ -

Support

++ Directly useful
+ Indirectly useful

+/- Maybe interesting

- Not useful
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Abstract

In the ALTB project a Conceptual Question Framework (CQF) has been developed for describing
closed question types. The framework ultimately supports question design teams in thinking and
communicating about goals and content of questions without being distracted by presentation and
interaction possibilities and limitations of currently available CBA systems. Furthermore, the
framework supports decision making with respect to design and development of future CBA
systems. Finally, the framework conceptualizes a set of newly to be developed question types. A
response-based taxonomy of closed questions, enclosing both classical and innovative question
types, is presented and illustrated with examples.

The need for a conceptual framework was revealed by discussions in the case studies of the ALTB
project. These discussions could not be resolved based on existing literature. After years of
developments in Computer-Based Assessment (CBA) a consistent set of hames and definitions for
closed question types (selected-response question types) is still lacking. In different systems for
CBA and also in literature the same terms may have different meanings. Furthermore, names and
definitions of closed question types often focus on non-essential differences between question
types. This obscures the more basic characteristics that question types have in common.

2.1 Introduction

The ALTB project has produced an abstract conceptual framework for describing closed questions.
The need for such a framework became apparent in discussions on the selection of question types
in several of the case studies of the ALTB project. Educational or instructional technologists in
Higher Education are often involved in relatively small scale projects of designing question pools.
They encounter problems such as how to advise subject matter experts about making a selection
between a hotspot question and a multiple-choice question when in the available system the
hotspot question is at the conceptual level actually a multiple-choice question. This chapter will
help educational technologists who take part in projects for the design and development of closed
questions to structure discussions on the selection of specific closed question types that are
supported by the available system for computer-based testing or the available learning
management system.

Question authoring or designing is the actual mental creation of question ideas and elaboration of
these ideas to the extent that they can be technically realized. Authors (designers) should at the
design level not be constrained unnecessarily by practical limitations of the available system. Nor
should their attention be misdirected by inadequate terminology. In many design and development
contexts, it makes sense to allocate the actual technical realization of a question in the CBA system
or in the LMS to someone who can routinely carry out this technical realization. In these contexts
question authors (subject matter experts - professors and lecturers) should be able to delegate
everything that is not directly subject matter related to someone who implements the question in
the CBA system or LMS. Therefore, the framework developed in the ALTB project helps to postpone
decision making with respect to question types that are actually available to later stages in the
design process and to delegate this decision making to someone who is very proficient with the
available systems.
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This chapter also aims at researchers in the field of assessment because it highlights ambiguities in
existing question typologies and provides an alternative that is also extendible in a natural way.
For the same reasons this chapter is also relevant for system developers. The design and
development of systems for CBA should be based on a conceptual question framework that is
extendible along logical lines. The basic architecture should match a framework that allows
separation of the interaction dimension, the presentation dimension, the scoring dimension and the
conceptual dimension. The concepts and taxonomy developed in the ALTB project should support
developers of new CBA systems and LMS. For this reason the chapter also includes a UML class
diagram that represents the question structure.

While the chapter is relevant for subject matter experts the chapter is not primarily aimed at
subject matter experts. In teams that design and develop digital closed questions it will be the task
of the educational technologist to apply the concepts and the taxonomy ‘just in time’, i.e. when the
need for clear concepts becomes apparent in the team.

2.2 Towards requirements for a conceptual framework

In the last decennia a number of closed question types have been developed, based on new
possibilities of information and communication technology (ICT). In literature these question types
are called ‘innovative’ (Parshall et al., 2002). In the ALTB project a closed question is defined as a
qguestion where the required response should be based on options or value ranges offered to the
respondent. In general closed questions can be evaluated automatically by comparing selected
values with intended values. Modern systems for computer-based assessment (CBA) such as
Question Mark Perception (QMP) (Questionmark, 2002) as well as assessment modules that are
part of learning management systems (LMSs) such as Blackboard (Blackboard, 2006) or Moodle
(Moodle, 2006) provide a range of different closed question types.

None of the currently available typologies of questions can be mapped onto a single taxonomy. In
currently available typologies many of the innovative question types have names that primarily
reveal how the question will be presented on a computer screen, or what type of action is expected
from the respondent. Furthermore, the operational semantics of these names are not uniquely
defined. For instance the name ‘HotSpot question’ is being used for questions that request the
respondent to point out a specific point in a picture, but also for questions that present several
areas in a picture as options. The latter is essentially a graphic version of the multiple-choice
question. Likewise, a ‘Fill-in-the-blank question’ may or may not be a closed question.

Zenisky and Sireci (2002) present a list of question types but the definitions of the question types
are based on a mixture of characteristics such interaction (for instance ‘drag-and-drop’), domain
(for instance ‘mathematical expressions’), skills (for instance ‘analyzing situations’), response
format (for instance ‘Essay/Short answer’) and response constraints (for instance ‘Multiple
selection’). They describe a selection of innovative formats of selected response item types but a
systematic hierarchy is missing. They discuss the role of the response format and conclude: ..
with the advent of certain new formats that involve skills such as ordering information or
classifying objects according to some defined dimension, the line between how much is selected
and to what extent examinees are generating their own responses becomes blurred.” In this
chapter it will be argued that these types are closed questions and should also be described in a
framework.

Parshall (2002) presents a typology based on five innovative dimensions: Item format, Response
Action, Media Inclusion, Level of Interactivity and Scoring Method. While such a typology is useful
in order to focus on what is new in comparison to a recent past, the level of detail of the
specification of selected response questions is too low.

Scalise and Gilford (2006) present an ‘intermediate constraint’ question typology where dimensions
of classification are the level of response constraints, leading to seven categories, and the
‘innovation complexity’ leading to four ‘iconic’ item types per category. Because this typology
intends to provide a practical resource for assessment developers on “intermediate constraint”
questions, the classification does not need sound and unambiguous criteria.

All in all no framework for systematically describing closed questions that is satisfactory in terms of

coherence, terminology, response structure and extendibility of the set of question types has been
found.
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At a more technical level a typology that is based on the way in which the respondent and the
system should interact is defined in the QTI2 specification (IMS, 2005). The QTI2 specification
defines ‘interaction classes’. One criterion for distinguishing interaction classes is in particular the
distinction between in-line and graphic interaction. The QTI2 typology is defined in a technical
format in order to prescribe those elements and relationships, which are needed in the transfer of
test information between CBA systems. Although the structure of the interaction classes is
extensive, the resulting model is too technical and specific to use as a conceptual framework in the
day-to-day practice of question design by question authors and designers.

This chapter is based on the experience that question authors and designers need a taxonomy of
guestion types and a corresponding conceptual framework based on the selection mechanism. A
first requirement for such a taxonomy is that a designer should not be forced to make decisions on
the type of interaction and the type of presentation options during initial design stages. A second
requirement is that these latter two decisions can be delegated to people with another expertise,
for instance to an educational technologist or an employee specialized in question entry. The third
requirement is that the conceptual framework supports the assessment community and in
particular developers of future CBA systems with the development of support for new question
types by defining placeholders for new closed question formats in the taxonomy.

2.3 Description of the Conceptual Question Framework (CQF)

In this section the Conceptual Question Framework (CQF) that has been developed in the ALTB
project will be described in detail. On the one hand there is a need for a formal language to
describe the basis of closed questions, on the other hand the language should be used as a vehicle
for communication between authors, designers and staff with more technical background. Obvious
handles for core concepts are the structure of the requested response and the type and number of
the value domains that are made available in the question. In this section, the CQF is represented
in a set of definitions, a question structure diagram and a taxonomy of closed questions.

2.3.1 Definitions

The structural concepts needed to describe questions are introduced and defined. The main
concepts are : Response, Finding, Fact, Value, Option, Position and Domain.

A closed question asks for a Response, based on one or more sets of Values , presented as Option
Domains or , where only ranges are offered, Position Domains. A Response may be Multiple where
each answer is to be evaluated independently. ( e.g. select capitals from a list of cities). Any
independent answer (e.g. 'Rome’ or 'Paris’) is called a Finding. Findings may contain one ( like
‘Rome’) or more elements where each element is an understandable Fact. When there are more
Facts expected in a Finding the relation between these Facts may be Unordered ( like 'pen’ AND
‘paper’ to write a letter) or Ordered ( e.g. ‘'millimeter’, ‘centimeter’, ' decimeter’ as units of
increasing size). Facts may be Simple ( like 'pen’) or Composite, where a match of Values from
different Option Domains ( e.g. countries and capitals) has to be made ( ‘France’ - ‘Paris’ ).
Options offered in a Domain may or may not be selected more than once in the Response or an
individual Finding, to be defined in Occurrence property of an Option Domain. When a selection of a
Value has to be made by positioning between upper and lower limits of a range ( like the
percentage of the unemployed in a population) the Value type is nhamed Position.

The concepts are defined in a more formal language in Table 2.
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Table 2: Definitions of the basic concepts in the CQF

TERM

DEFINITION

RESPONSE

Response is a set of structured data (deliberately) submitted by the respondent
as reaction to a question. A Response is a set of mutually independent Findings.

- SIMPLE Response

The cardinality of Findings in the Response is 1

- MULTIPLE Response

The cardinality of Findings in the Response is more than 1

FINDING

Finding, expressed by the respondent, is the smallest set of related Facts that
can be evaluated as adequate reaction to a question.

- SIMPLE Finding

A Finding consisting of only one Fact is named Simple Finding

- UNORDERED Finding

A Finding consisting of more than one Fact is named Unordered Finding when the
order of its Facts is irrelevant

- ORDERED Finding

A Finding consisting of more than one Fact is named Ordered Finding when the
order of its Facts is relevant

FACT

Fact is the smallest component of a Finding that has a meaning for evaluation

- SIMPLE Fact

A Fact is named Simple when it may contain a Value from just one Domain

- COMPOSITE Fact

A Fact is named Composite when it contains a composition of Values from the
different Domains.

VALUE

Value is the smallest entity a respondent can select

- OPTION Value

Option is an explicitly defined Value

- POSITION Value

Position is an implicitly (by boundary values) defined potential Value.

DOMAIN Domain is a role-specific set of potentially selectable Values
- OPTION Domain Option Domain is a domain consisting of explicitly named Options
- Small : LIST List is an Option Domain containing a small set of Options.

- Large : CATALOG

Catalog is an Option Domain that is in practice (much) longer than List, sets like
hundreds or thousands of Options may be defined.

- Option OCCURRENCE

In Response: Number of times any Option of a specific Option Domain may occur
within a Response

In Finding: Number of times any Option of a specific Option Domain may occur
within any Finding of a Response

Minimum and maximum numbers may be relevant, depending on the question
type.

- POSITION Domain

Position Domain is a Domain consisting of implicitly defined potential Values. The
ordered set of Positions in a Domain is implicitly defined by upper and lower
boundaries

2.3.2

The question structure diagram

The CQF is primarily intended to support the process of designing closed questions by means of a
hierarchy of closed questions that enables designers to separate decisions. However for the CQF to
be used by designers it is desirable that design will be supported by an integrated design and
development environment. Therefore, developers will at least have an object model view of the
framework. Figure 1 presents the closed-question structure as a UML class diagram of the most
important object types that are needed to support the CQF. A detailed definition of the classes does
not fit the scope of this chapter.
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Figure 1: Question Structure Diagram as an UML class diagram

QUESTION RESPOMSE
[ 7|;  Cardinality: = SINGLE. MULTIFLE
m”“
FINDING

+ Type: = SIMPLE(UMIORDERED

i

FACT

Type: = SIMPLE, COMPOSITE

FOSITION DOMAIN
L | SWALUE (0f type POSITION) meests POSITION DORMAIM definition
0.7 0.1
R
BPI) DR OFTION WALLE (f type ORTION) VALLE
m Type: = LIST.CATALOG *—1”* —{}D.J 0. - Type: = ORTIOM, POSITION
Key to the specific relations:
Classt Classz An aggregation is used to depict an element(Class2)
I which is made up of other component(s)(Class1).
Deletion of the aggregation (Class2) does not affect the

existence of a component (Class1)

Dlasst Class2 A composite aggregation is used to depict an element

> (Class2) which is made up of other
component(s)(Class1). If a composition is deleted, all of
its parts are deleted with it; however a part can be
individually removed from a composition without having
to delete the entire composition

2.3.3 Taxonomy of closed questions

Based on the concepts discussed a taxonomy is to be designed. The first step towards a taxonomy
of closed questions is the construction of the Finding, the second step is the construction of the
Fact. Next the number and type of Domains creates variety. For the formats in the taxonomy one
can formulate the question in a generic manner by the instruction "How to Respond a Finding”. For
the notation of the Finding a set of elements is proposed.

Executing the first three steps results in the taxonomy of closed questions with a number of
domains that has been limited to two results in a taxonomy as presented in Table 3. Currently, the
table contains fifteen question types. Elaborations of the taxonomy are an extension based on a
larger number of value domains, a distinction between one or more Findings in the Response
(Simple, Multiple) and the differentiation of (min. and max.) Occurrence of Options in Response
and Finding. This further differentiation is illustrated by examples in the next section.
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Table 3: Taxonomy of Closed Questions (limited)

Domain
Finding type |Fact type type(s) How to Respond a Finding : Notation of Finding
SIMPLE SIMPLE OPTION State a Fact by selecting an Option [(0)]
OPTION, State a Fact by matching an Option from
COMPOSITE  |OPTION both Option Domains respectively [(0,0)]
SIMPLE POSITION |State a Fact by selecting a Position [(p)]
POSITION, [State a Fact by matching a Position from
COMPOSITE POSITION |both Position Domains respectively [(p,p)]
POSITION, |State a Fact by matching a Position with
COMPOSITE OPTION an Option [ (p,0)]
Combine Facts, state a Fact by selecting
UNORDERED  |SIMPLE OPTION an Option [(0),(0),(0)]
Combine Facts, state a Fact by matching
OPTION, an Option from both Option Domains
COMPOSITE  |OPTION respectively [(0,0),(0,0),(0,0)]
Combine Facts, state a Fact by selecting a
SIMPLE POSITION |Position [(p),(p),(p)]
Combine Facts, state a Fact by matching a
POSITION, |Position from both Position Domains
COMPOSITE POSITION |respectively [(p,p),(pp),(p,p)]
POSITION, |[Combine Facts, state a Fact by matching a
COMPOSITE  |OPTION Position with an Option [(p,o),(po),(p,0)]
Arrange Facts, state a Fact by selecting an
ORDERED SIMPLE OPTION Option [(0)>(0)—>(0)]
Arrange Facts, state a Fact by matching an
OPTION, Option from both Option Domains
COMPOSITE OPTION respectively [(0,0)>(0,0)>(0,0)]
Arrange Facts, state a Fact by selecting a
SIMPLE POSITION  |Position [(p)=>(p)—>(p)]
Arrange Facts, state a Fact by matching a
POSITION, |Position from both Position Domains
COMPOSITE POSITION respectively [(pp)=>(pp)—>(pp)]
POSITION, |Arrange Facts, state a Fact by matching a
COMPOSITE OPTION Position with an Option [(po)—>(po)—>(po)]
Explanation:
o] = Option Value
p = Position Value
(...) = Fact
[...] = Finding
[¢.),¢.)] = unordered Finding
[C..)—-C)] = ordered Finding
2.4 Application of the framework
2.4.1 Some examples

To show the added value of the CQF and its taxonomy of closed questions this section presents a
few examples. These examples are meant to illustrate the descriptive power of the CQF and the
added value of the taxonomy and not to illustrate how a question which satisfies all possible design
requirements should be phrased and presented. The latter would require more context information
for the reader and would also distract the attention from the response based structure. On the
other hand, the examples are, with exception of the first two examples, based on questions that
are really in use in higher education. Note furthermore that, except for example 4, the questions
are of types that are not yet supported by available CBA systems or LMSs. This implies that,
insofar they are in use in higher education, they are realized in dedicated applications.
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Example 1 - Unordered set of Options

This example shows an extension of a common ‘Multiple Response’ by requesting more than one
Unordered Finding.

There are two Findings requested, any Finding consists of an Unordered set of Options. Options
may be selected in both Findings.

The question is an artificial example especially constructed for the purpose of this illustration.The
necessity to extend the ‘Multiple Response’ question will become even more apparent in the next
chapter, and illustrated with more realistic examples.

Type in the taxonomy:

Domain
Finding type |Fact type type(s) How to Respond a Finding : Notation of Finding
Combine Facts, state a Fact by selecting a
UNORDERED |[SIMPLE OPTION Option [(0),(0),(0)]

Figure 2 (a & b): Question example 1 (left) and CQF concepts based on the structure of the response

(right)xx

Describe two methods to produce a letter to
put in an envelope by selecting the needed

attributes.

For each method 2 or 3 attributes are needed.
Attributes may be used in both methods.

Method Method
Pen u
Printer
Paper
Computer | U
Telephone | U o

CQF concepts

Option

Domain

|

Fen
Printer
Paper
Corrguter

/ Tekphone

Option

Findings

Methad _ _Mathod

1= (m
g j€ "
: Simple Facts
10 ¢ (here: = Value)
'O .
SESSE

Response
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Table 4: Question example 1

‘Design Pattern’

Attributes of a Preparation method

Introduction of the
question

To produce a letter (to put in an envelope) there are different methods, any

method is supported by the use of attributes.

To let the respondent show his

ability to prepare he is asked to explicitly select the needed attributes for a
specific preparation method. There are two methods.

Instruction to the respondent :

Choose 2 to 3 attributes you need for a method to prepare a letter, respond

in relation to two different methods

Description In CQF In Example
Response Multiple : max 2 Findings Max 2 combinations of attributes
Finding Unordered : max 3 Facts Max 3 attributes in a combination
Fact Simple An attribute is a single option
Domain Option Letter attributes (options)
Max. occurrence in Response: free pen
Max. occurrence in Finding : 1 printer
paper
computer
telephone

How to respond a
Finding

Combine Facts, state a Fact by selecting a
Option

Combine (2-3) attributes, choose a
attribute by selecting an option
from the list

Example 2 - Catalog

This example shows an extension of an option list by offering a Catalog Domain.
Three Findings are requested, an extended index of options is offered.
The question is an artificial example especially constructed for the purpose of this illustration.

Type in the taxonomy:

Finding Domain
type Fact type type(s) How to Respond a Finding : Notation of Finding
SIMPLE SIMPLE OPTION State a Fact by selecting an Option [(0)]
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Figure 3: Question example 2

Read the medical case description carefully
and determine possible diagnoses.

Select a disease from the Alphabetic List
by a click on the disease and a click on the

Alphabetic List of Specific Diseases/Disorders

Start Page

corresponding button m ABCDEFGHIJHKLMMOPQRSTUY W MY I

Diagnosis A

m Abscess A-alphalipoprotein Meuropathy (see Tandgier Disease)
Ahdominal Cramps (zee Colic)

Ahdominal Delivery (see Cesarean Section)
Abdomingl Injuries

m Abdominal Pain

Abnormalities
Ahortion, Induced

m Ahortion, Spontaneous

Ahzcess

Ahscess, Amehic (see Amebiasis)

Ahscess, Pulnonary (see Lung Abscess)

Ahscess, Retropharyngeal (zee Retropharyngeal Abscess)
Acantholysis Bullosa (see Epidermoalysis Bullosa)

(List retrieved from:: http://www.mic.ki.se)

Table 5: Question example 2

“Design Pattern” Diagnosis selection from an index
Introduction of the Based on the case description( to be delivered) let the respondent choose the
question possible diagnoses from the alphabetical index to diseases

Instruction to the respondent : Choose a disease as a possible diagnosis,
respond with three possible diagnoses

Description In CQF In example

Response Multiple : max 3 Findings Max 3 possible diagnoses

Finding Simple : max 1 Fact Max 1 disease per diagnosis

Fact Simple A disease is a single option from
the list

Domain Option Alphabetical index to diseases

Max. occurrence in Response: 1
Max. occurrence in Finding : 1

How to respond a State a Fact by selecting a Option Choose a disease by selecting an
Finding option from the alphabetic list

Example 3 A - set of Option Domains
This example shows an extension of a common ‘Matching’ question by offering five Option

Domains. Only one Finding is requested, based on only one Fact composed of 5 values, each from
a different Domain.
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The question is adapted from (Busstra, 2007). The example also shows how questions with more
than two Domains are natural when learning goals involve skills to design experiments or other
design challenges such as the design of production facilities. In many design challenges one often
needs a set of attributes or decisions, each from another collection or aspect. This example
illustrates furthermore how question types that cannot yet be described in existing question
typologies can be described in the CQF.

Type in the taxonomy:

Domain
Finding type |Fact type type(s) How to Respond a Finding : Notation of Finding
State a Fact by matching an Option from
SIMPLE COMPOSITE  |OPTION(5x) |all Option Domains respectively [ (0,0,0,00)]

Figure 4: Question example 3

Design an experiment to answer the question: what are the effects of free fatty acids on gene expression in
liver and which transcription factors are involved?

©5Study object @ Type object 0 Treatment O Measurement @ Technigue
Mice 'ﬂ . 'ﬂ.. Ll | 'ﬂ.. 'ﬂ

Table 6: Question example 3

“Design Pattern” Possible design by matching options from more than 2 domains
Introduction of the To design an experiment choices have to be made. A match of options from five
question domains defines the experiment design.

Instruction to the respondent:

Design the most useful experiment to answer your research question by
choosing one Study object, one Type object, one Treatment, one Measurement
and one Technique.

Description In CQF In example
Response Multiple : max 1 Finding Max 1 experiment design
Finding Simple : max 1 Fact Max 1 match per experiment design
Fact Composite A solution matches one Study object,
one Type object, one Treatment, one
Measurement and one Technique.
Domain (1) Option Study object
Max. occurrence in Response: 1 Human, Cells, Mice
Max. occurrence in Finding : 1
Domain (2) Option Type object
Max. occurrence in Response: free FAR, PPARalpha, HNF4alpha, SREBP1c
Max. occurrence in Finding : 1
Domain (3) Option Treatment
Max. occurrence in Response: free high/low, fat diet, fasting,fatty acid-
Max. occurrence in Finding : 1 injection,
obese/non-obese comparison
Domain (4) Option Measurement
Max. occurrence in Response: free proteome, transcriptome,metabolome
Max. occurrence in Finding : 1
Domain (5) Option Technique
Max. occurrence in Response: free anti-body array, 2D-gels
Max. occurrence in Finding : 1
How to respond a State a Fact by matching an Option Choose an option from all five
Finding from all five Option Domains experiment design aspects
respectively
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Example 4 - Option Occurrence restricted to 1

This example shows how a common *Matrix’ question is built on two Option Domains and can be
restricted by Option Occurrence. A single occurrence of any Option from both Option Domains is
compulsory in the response. The Option Occurrence in both Option Domains is 1 ( both max. and
min.). The question is produced in the ALTB project.

Type in the taxonomy:

Finding Domain
type Fact type type(s) How to Respond a Finding : Notation of Finding

OPTION, State a Fact by matching an Option from
SIMPLE COMPOSITE OPTION both Option Domains respectively [(0,0)]

Figure 5: Question example 4

The quality of frying oil depends on lipid oxidation and or lipid hydrolosis. The higher the amount of
oxidation, isomerization and polymerization products, the lower the quality.

v A B C D
=
B
=
=
=
=
c
E]
o
|:| | e i [P
products products products products
. triglycerides I:l hydrolysis- - oxidation- - isomerization- |:| polymerization-
products products products products

Look at the figures, which indicate the composition of frying fat at different situations.
Match the different situations with the figures.

A B C D
Fresh frying ™ m| m] m]
Old, but unused frying fat [} m] m]
Heated frying fat (180 °C) for a number of times, without snacks m} m} |
m| m| m] ]

Heated frying fat (180 °C) for a number of times, with snacks
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Table 7: Question example 4

“Design Pattern”

Situation and consequence

Introduction of the
question

The quality of frying fat is determined by the fat composition and depends on the

frying fat use.
Instruction to the respondent :

Match any fat composition with any fat use situation

Description In CQF In Example
Response Multiple: max 4 Findings Max 4 independent fat composition - fat
use relations are to be responded
Finding Simple: max 1 Fact Max 1 match of options in a independent
fat composition — fat use relation
Fact Composite A match is a composite of a fat
composition option and a fat use option
Domain(1) Option Situation of fat use
Max. occurrence in Response: 1 Fresh frying fat, Old but unused frying fat,
Min. occurrence in Response: 1 Heated frying fat for a number of times
Max. occurrence in Finding: 1 (180° Celsius) without snacks, Heated
frying fat for a number of times (180°
Celsius) with snacks
Domain(2) Option Consequence in fat composition

Max. occurrence in Response: 1
Min. occurrence in Response: 1
Max. occurrence in Finding: 1

- compositiondiagram 1 to 4

How to respond a
Finding

State a Fact by matching an Option
from both Option Domains respectively

Indicate a true fat composition - fat use
relation

Example 5 - Position Domain

This example shows how a set of Position Domains can be used in a ‘Matching’ question.

Three independent Position Domains are offered. Only one Finding is requested, based on only one
Fact composed of 3 Position Values, each from a different Domain.

The question is adapted from (Busstra, 2007).

Type in the taxonomy:

Finding Domain

type Fact type type(s) How to Respond a Finding : Notation of Finding
POSITION | State a Fact by matching a Position from

SIMPLE COMPOSITE | (3x) all Position Domains respectively [(p,p,p)]
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Figure 6: Question example 5 (adapted from (Busstra, 2007)

CcC
CcT &=
T
Folic acid
supplement
|
=
heart
disease

5, 10 — methylene
tetrahydrofolate

5- methyltetra

DNA and RNA
synthese

Dihydrofolate

x

tetrahydrofolate

hydrofolate ﬁ

& =

Homocysteine

Methionine

Table 8: Question example 5

“Design Pattern”

The influence of process variables

Introduction of the
question

The question is presented here as support for learning. The presentation can
also be used as a question to assess how well the respondent can adjust the

supplements

Possible Instruction to the respondent:

Adjust the 3 sliders related to each other in the optimal positions, the scale is

relative

Description

In CQF

In Example

Response Multiple: max 1 Finding Max 1 optimal situation

Finding Simple: max 1 Fact Max 1 composition

Fact Composite The adjustment is a match of 3
related values

Domain (1) Position Relative quantity folic acid
supplement(blue)

Domain (2) Position Relative B12 activity(green)

Domain (3) Position Relative concentration MTHFR(red)

How to respond a Finding

State a Fact by matching a Position
from all three Position Domains
respectively

Position all three sliders as a
combined adjustment
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2.4.2 Positioning question types of QMP in CQF

For users of existing CBA systems the Conceptual Question Framework will be very different from
what they are used to. In this section the relationships between the questions types as defined in
QMP (Questionmark, 2002) and the question types as defined in the taxonomy of closed questions
will be listed and explained. QMP is widely used and well known in higher education and provides
an extensive typology. Because the CQF is based on logical distinctions between imaginable
responses whereas question types in QMP are defined based on a mixture of screen presentation
differences, interaction differences and other differences the relationships between question types
in both frameworks are not straightforward. Table 9 shows the relation between the question types
in the CQF and the question types in QMP

Table 9: Positioning QMP question types in the CQF

Taxonomy of Closed Questions QMP "closed” question types

Matching

S |Multiple response
Numeric

< |Pull down
Ranking

< |Select a blank

<\ True/False
Hotspot
Drag & Drop

Matrix

Domain type(s)
OPTION

OPTION, OPTION
POSITION

POSITION, POSITION

Fact type
SIMPLE
COMPOSITE
SIMPLE
COMPOSITE

Finding type
SIMPLE

X Yes/No
N |Likert scale
< |Multiple-choice

Ly

COMPOSITE

POSITION, OPTION

UNORDERED

SIMPLE

EEEZEEEEEEE

OPTION

COMPOSITE

OPTION, OPTION

SIMPLE

POSITION

COMPOSITE

POSITION, POSITION

COMPOSITE

POSITION, OPTION

ORDERED

SIMPLE

HEEEEEE2EEE

OPTION

COMPOSITE

OPTION, OPTION

SIMPLE

POSITION

|
N
\\
N
\\
»:

COMPOSITE |POSITION, POSITION

COMPOSITE |POSITION, OPTION \
Question types of the CQF taxonomy are represented (cell with ) by one ore
more QMP item types or not represented at all (dark cells).

|
.
|
|
|
|
|

The comparison in Table 9 highlights the insights, which the CQF provides:

From 15 proposed question types, 6 types (see with ) are represented in QMP. When
there is a need for one of the other nine, the question has to be simplified to a more
implicit question, i.e. the team has to compromise. Application of the directives about
postponing design decisions and delegating design decisions described above implies that a
question design team should focus on the left three columns in the initial design stage.
Most of the QMP question types are a representation of the basic CQF question type with
one Fact in a Finding and only one Option Domain (the first type in Table 9). The aspects
that differentiate between all these QMP types are the number of Findings (Multiple
Response more than one Finding) the explicit Options (True/False, Yes/No, Likert) or the
interaction (Select a Blank and Pull down).
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e With one exception, each QMP closed question type is related to only one of the types in

the CQF taxonomy. The exception is the QMP *Multiple Response’ question. The QMP

‘Multiple Response’ is not explicit in whether it has a Response with more Findings or only

one (Unordered) Finding with more Facts.
e The set of question types as distinguished in QMP is actually projected on the response

dimensions. This shows that - from the viewpoint of the response structure - several of

these question types are essentially the same. This is important for the definition of scoring

rules for these question types.

2.4.3

Positioning QTI2 interaction types in CQF

The IMS Global Learning Consortium provides an extensive and detailed specification for question

and test interoperability usually referred to as QTI. Core of QTI2 is constituted by interaction types

and not by question types. One item can contain more than one interaction. To make these

interactions recognizable the classification is also based on the way the interaction is implemented,

like graphical, inline or isolated, In contrast for the taxonomy of closed question in CQF the

approach is just focussed on the response structure. The mapping of the closed-question related

interaction types of the QTI2 on the CQF taxonomy is presented in Table 10.

Table 10: Mapping of QTI2 interaction types onto the CQF

Taxonomy of Closed Questions

IMS QTI 2 "Interaction t

pesu

Finding type

Fact type

Domain type(s)

choicelnteraction
orderInteraction
associatelnteraction
matchInteraction
gapMatchlInteraction

selectPointInteraction

graphicOrderInteraction

graph.AssociateInteraction

graph.GapMatchInteraction

positionObject

sliderInteraction

SIMPLE

SIMPLE

OPTION

N linlineChoicelnteraction

N\ |hottextInteraction

AN

< |hotspotInteraction

COMPOSITE

OPTION, OPTION

AN
AN

\

SIMPLE

POSITION

<

COMPOSITE

POSITION, POSITION

COMPOSITE

POSITION, OPTION

UNORDERED

SIMPLE

OPTION

COMPOSITE

OPTION, OPTION

SIMPLE

POSITION

COMPOSITE

POSITION, POSITION

COMPOSITE

POSITION, OPTION

ORDERED

SIMPLE

OPTION

COMPOSITE

OPTION, OPTION

SIMPLE

POSITION

COMPOSITE

POSITION, POSITION

COMPOSITE

POSITION, OPTION

Six question types of the CQF taxonomy can be matched directly with one or more
QTI2 interaction types (cell with ). The dark cells indicate for which CQF question
types no direct match with a QTI2 interaction type can be made
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Table 10 highlights that:

e Any QTI2 interaction type is related to just one of the types in the CQF taxonomy ( see ).
This means that the distinction of interaction types in QTI2 is unambiguous in relation to
the CQF concepts.

e From 15 proposed question types, 6 types can be directly represented by means of just one
interaction from the QTI2 set of interactions. The question if and how each of the other
nine types can be realized in conformance with the QTI2 specification does not fit the scope
of this chapter.

e In comparison with QMP the QTI2 interaction types are more equally distributed. The main
distinction between QTI2 interaction types of the same CQF type is whether the
implementation of the interaction is graphical.

e The set of interaction types as distinguished in QTI2 is actually projected on the response
dimensions. This shows that — from the viewpoint of the response structure - several of
these question types are essentially the same. This is important for the definition of scoring
rules for questions based on these interaction types.

2.5 Conclusions and summary

Within the ALTB project a Conceptual Question Framework (CQF) has been developed, based on an
analysis of closed questions and typologies for closed question types. The response structure
dimension has been isolated from other descriptive dimensions like the question presentation
dimension and the user interaction dimension. As a result a set of concepts and a taxonomy of
closed questions has been presented that is based on the response structure of the question. The
concepts and their relationships are described in the (CQF). The use of the concepts has been
illustrated with examples.

It has been shown that the Closed-Question Taxonomy can be mapped on existing typologies QMP4
and QTI2, such that each question type of existing typology can be related to at least one of the
CQF types. The CQF closed-question taxonomy proposes also question types which are not yet
implemented.

Further research should aim to extend the CQF by relating scoring models, presentation models
and interaction models. It is likely that a system design based on the CQF classes and relationships
will require little effort to realize interoperability, based on QTI2 or any other interoperability
reference model.

Mapping question types that are supported by available LMSs and systems for CBA onto the CQF
taxonomy shows that many question types as defined in the CQF have not yet a counterpart in
existing systems, though some of these question types are already in use in dedicated applications.
Further research is needed to assess the benefits of implementing these not-yet-realized question
types in an LMS or a system for CBA. Adoption of the CQF concepts in CBA systems will support
this implementation .For this reason a new CBA system is now being developed that takes the CQF
class diagram as a starting point.

Because the definitions of question types in the CQF do not yet determine the form of user
interaction and the presentation of the question components, it will ultimately be possible to
present the same question in different forms to different user groups. The CQF frees content
developers from thinking in restricted, traditional ways and instead enables them new or innovative
question formats.
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3 Multiple Response Questions in
Computerized Testing

Mia van Boxel
Huub Verstralen
Cito

Abstract

This chapter describes design requirements and scoring rules for multiple response questions. In
general, the same design requirements apply to multiple response questions and multiple-choice
questions. However for multiple response questions additional requirements have been formulated
in the ALTB project. These requirements are related to scoring. The conclusions are important for
anyone who is involved in the design of questions that are basically multiple response questions or
in test construction. However the line of reasoning requires background knowledge of the literature
in computer-based testing.

Three different types of multiple response questions are distinguished:
1. Type 1 MR-multiple true/false items with independent correct options.
2. Type 2 MR-combination items with one correct subset of options.
3. Type 3 MR-multi-combination items with more correct subsets of options.

The chapter explains why items with one correct subset of options (type 2 MR-combination) should
be scored dichotomously. When more than one subset is requested (type 3 MR-multi-combination)
each correct subset is scored dichotomously, the sum of which gives a polytomous score for the
item. Items with independent correct options (type 1 MR-multiple true/false) can also be scored
with partial credit. For these items a rank order of the options as a response is introduced as an
alternative. An analysis of ranks with the so-called Luce model offers substantial advantages in
terms of measurement precision of the test result compared to scoring of selection of options. This
chapter describes use of multiple response questions for some learning objectives that are common
in higher education and illustrates this use with examples.

3.1 Introduction

The ALTB experience indicated that many learning objectives in higher education can be matched
in a natural way to multiple response questions. Also certain types of multiple response items that
will be introduced below, meet less resistance by subject matter experts than traditional multiple-
choice items. The reason for this is that the chance to arrive at the correct answer by means of a
pure guess in these types of multiple response questions is very low. At the same time the design
and scoring of multiple response items raised many questions in the ALTB project which could not
be answered by the literature. There are just a few publications where the multiple response item
format is mentioned, but a more in depth treatment is lacking. Nevertheless, multiple response
questions are frequently used in summative and formative testing. In response to the questions
that arose from practical experience in question design the theory about multiple response items
has been extended in the ALTB project.

This chapter will help item design teams and test construction teams with the design process and
scoring of multiple response questions. In section 3.2 three different types of multiple response
questions will be described. In section 3.3 three new design requirements for multiple response
questions will be presented and discussed. In addition some examples are given of the use of
multiple response questions in higher education. Section 4 focuses on scoring responses to MR
questions, and how to convert these item scores into a test score. Two types of responses will be
discussed: selection of one or more subsets of the options, and a rank order of the options. The
efficiency of both approaches will be compared. Also the relative merits of the three MR item types
are discussed.
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3.2 Definition and types of multiple response questions

A multiple response (MR) question consists of a stem which poses the question and three or more
options of which two or more options are correct.

The MR question type is also labeled in the literature (see for instance Haladyna, 2004) with the
terms “multiple answer” or “multiple mark” or "multiple multiple-choice”. The multiple response
guestion type is often used in paper based and computer-based testing. The participant has to
select two or more options as the correct answer. In this chapter the rank order of all the options is
introduced as an alternative response. The rank order response is restricted to one type of MR
items, the MR-multiple true false, to be explained in the sequel.

According to (Parshall et al., 2002) there are five dimensions to describe innovative digital question
types: item format, response action, media inclusion, level of interactivity, scoring method. In
every day practice those different dimensions are used to categorize different item formats. For
the topic of this chapter not all these dimensions are considered relevant. Often item formats with
distinct names are essentially “multiple response” questions (like multiple hotspot, some drag and
drop formats) or “multiple-choice” questions (like hotspot with predefined spots).

Usually, multiple-choice questions are scored dichotomously. This means that a participant always
gets a score 0 or 1. Multiple response questions are scored dichotomously or polytomously. It
means that scores other than 0 and 1 are possible, like score 3 or -1. (Note that polytomous
scoring and partial credit scoring are the same.)

The technical implementation of polytomous scoring methods in test software is often not very
sophisticated. For a further discussion of scoring multiple response questions see section 3.4.

Three different types of multiple response questions with different consequences for scoring and
response instruction are distinguished:
e Type 1: MR-multiple true/false
e Type 2: MR-Combination
e Type 3: MR-Multi-combination
o Type 3a : single subset selection
o Type 3b : multiple subset selection

Table 11 links these types to the ALTB Conceptual Question Framework that has been introduced in
Chapter 2. However, in order to allow readers to read this Chapter 3 independently, this chapter
uses the more traditional term ‘Multiple Response’.

Table 11: Linking the MR question types to the concepts in the ALTB Conceptual Question
Framework

MR 1. 2. 3a. 3b.
itemtypes MR-multiple MR-combination MR-multi- MR-multi-
true/false item item combination item combination item
type 3a type 3b
CQF(*)
Response Multiple Simple Simple Multiple
Finding Simple Unordered Unordered Unordered
Fact Simple Simple Simple Simple
Domain Option Option Option Option

Below, these types of MR-questions are discussed in more detail.

3.2.1 Type 1: A MR-multiple true/false has a subset of independent correct options

This MR-type is mostly specified in the literature with the term “multiple true false”. Each individual
option can be evaluated independently, whether it is a correct response to the posed question. So
it is not the particular subset that is correct, but each of the individual options. According to
Haladyna the efficiency of presenting many items in a short time is the main attraction of this item
format.

38




Example 1: a MR-multiple true/false item

Select the medicines that can be prescribed as a remedy for a headache?
Lithium

Paracetamol

Haldol

Asperin

Antibiotic

ooooo

Two values are correct: paracetamol and aspirin. Paracetamol is a correct answer to the question,
but it is not the only one. Aspirin is a correct answer as well.

One could also have asked for exactly two medicines. This fixes the number of to be selected
options to two. Although this may change the response strategy of the participant, such an addition
does not affect the independency of the individual options.

3.2.2 Type 2: A MR-combination has one correct subset of interdependent options

Only one particular subset of options is the correct answer. No option from this subset can be left
out without compromising the correct answer.
Example 2: a MR-combination item

Which combination of 2 medicines gives severe side effects even in a low dose?

Aurorix
Paracetamol
Haldol
Seroxat
Lasix

ooooo

Example 2 is not a type 1 MR-multiple true/false question, because the options are interdependent.
The options in a subset of two or more options are called interdependent precisely then when they
together constitute a solution to the problem posed in the question, and no option from this subset
can be left out without compromising this solution, nor can one option be joined to the subset.

The essential property of a subset of interdependent options is that it is the particular subset itself
that is correct, not the individual options that make up this subset. The participant cannot evaluate
interdependent options just by themselves of whether they are correct or incorrect, it is the
particular subset itself that has to be evaluated.

Example 2 illustrates what is meant by interdependency. Only the combination of the 2 right
medicines (aurorix and seroxat) is a correct answer to this question. Each of these two by itself is
not an appropriate response to the question.

Therefore, the item type MR-combination is only correctly answered if the particular subset is
selected. If two options are chosen of which one is right and one is wrong it is obvious that the
response is false because both options in the correct subset are a necessary ingredient of the
correct response.

3.2.3 Type 3: A MR-multi-combination has more than one correct subset of
interdependent options

There are more combinations of options possible as a correct answer to the question.

The correct subsets may overlap and are not necessarily of the same size. For example the
combination (A+C) can be a correct answer to the question, but also the combination (A+B+D).
Note that in this definition it is the subset itself that is correct, not the individual options.

Furthermore two variants must be distinguished:

e type 3a: single subset selection
e type 3b: multiple subset selection
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In type 3a the participant is asked for only one combination, but in principle the question may ask
for more or even all correct subsets, type 3b.
Type 3 MR-multi-combination is hardly discussed in the literature.

Example 3a: a MR-multi-combination item type 3a

Which combination of 3 different medicines can be given to the patient without severe side effects?
Aurorix

Paracetamol

Haldol

Seroxat

Lasix

Fevarin

oooooo

In the above example there are more correct subsets that partly overlap, but the participant can
respond with only one subset.

The next example (from Chapter 2) shows how one can ask for more than one subset. In this
example the participant has to submit both possible subsets of attributes for producing a letter.

Example 3b: a MR-multi-combination item type 3b
Describe two methods to produce a letter to put in an envelope by selecting the needed attributes.
Per method 2 or 3 attributes are needed.

Attributes may be used in both methods.

Method Method

Pen u
Printer u
Paper
Computer U
Telephone U U

In particular, this example shows that the union of two correct subsets of interdependent options is
not a solution to the problem, and consequently incorrect. Another example is the following. If for a
particular problem with a patient there are two ways to proceed, of which one must be chosen, and
each of these ways can be phrased in a number of options, which possibly overlap, then this can be
the core of a MR item with two correct subsets of interdependent options. Clearly it is not the
individual option that is correct here but the entire subset: the way to proceed is phrased by
means of the entire subset.

3.3 Design requirements and guidelines for MR-questions

Generally, the same design requirements apply for multiple response questions and multiple-choice
questions. In the literature there are many checklists with do’s and don’ts (Haladyna, 2004),
(CITO, Toetswijzer).

An example of such a checklist is the shortlist of (Haladyna, 2004, Table12). This list is a mixture of
requirements and guidelines. In this list the numbers 4,7,8,15,19, 22 are requirements; numbers
2, 3, 26 are guidelines. Whereas design requirements come in at the end of the item design
process, design guidelines are helpful at the initial stages of generating ideas, formats, and
formulations of items (see also Chapter 4 of this book).

Therefore, a clear distinction between requirements and guidelines is helpful to the design process.
For instance, a requirement that the layout of parts of the question should be vertically arranged
does not really help the designer in the creative phase of item design. Experience in the ALTB
project shows that at least in higher education subject matter experts are not pleased with
requirements disguised as guidelines.
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This experience but also literature on creativity and design shows that attention should not be
directed to requirements in the initial stages of design and development. Guidelines should help the
designer and give direction to the design process. This is also what subject matter experts and
their assistants ask for.

Table 12: General item writing requirements and ‘guidelines’ (Haladyna, 2004p 99 table 5.1)

Content Guidelines:

1. Every item should reflect specific content and a single specific cognitive process, as called
for in the test specifications (table of specifications, two-way grid, test blueprint).

Base each item on important content to learn; avoid trivial content.

Use novel material to measure understanding and the application of knowledge and skills.
Keep the content of an item independent from content of other items on the test.

Avoid over specific or over general content.

Avoid opinion-based items.

Avoid trick items.

NounAsWN

Style and Format Concerns:

8. Format items vertically instead of horizontally.

9. Edit items for clarity.

10. Edit items for correct grammar, punctuation, capitalization and spelling.

11. Simplify vocabulary so that reading comprehension does not interfere with testing the
content intended.

12. Minimize reading time. Avoid excessive verbiage.

13. Proofread each item.

Writing the Stem:

14. Make directions as clear as possible.
15. Make the stem as brief as possible.
16. Place the main idea of the item in the stem, not in the choices.

Writing Options:

17. Develop as many effective options as you can, but two or three may be sufficient.

18. Vary the location of the right answer according to the number of options. Assign the position
of the right answer randomly.

19. Place options in logical or numerical order.

20. Keep options independent; choices should not be overlapping.

21. Keep the options homogenous in content and grammatical structure.

22. Keep the length of options about the same.

23. Avoid negative words such as not or except.

24. Avoid options that give clues to the right answer.

25. Make distracters plausible.

26. Use typical errors of participants when you write distracters.

27. Use humor if it is compatible with the teacher; avoid humor in a high-stakes test.

Next the requirements that have been developed in the ALTB project and that apply specifically to
the different types of multiple response questions will be presented. These requirements primarily
emerge from problems related to scoring (see section 3.4 below).
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3.3.1 If it complies with the aim of the question the number of options must be fixed
by instruction in the stem

In general the number of options to be selected should be fixed by instruction in the stem, because
there are two major disadvantages in not giving the number of correct options:

e Letting the participant to decide how many options he will select, introduces variation into
the data that is primarily related to personality traits that are not part of the ability we
want to measure. One can imagine that a person who is overconfident will be inclined to
select larger correct subsets than a less confident participant. A statement like this is
always in need of empirical verification, but because empirical research into this question is
unknown, it seems wise to be careful in this respect.

e When scoring polytomously, one has to take measures to compensate for wrong or
forgotten options. If the number of options is given in the stem and the test taker chooses
a different number of options, the answer is not in accordance with the instruction and can
be scored with 0.

Because the correct subsets in type 3 MR-multi-combination items may differ in size, the
instruction to select a particular number of options is, in general, not applicable with these items.
Or one must generalize the instruction to for instance: “choose either 2 options or 4”. This
primarily tends to create confusion. Therefore, when the reasons to fix the number of options by
instruction as given above outweigh the reasons not to fix the number of options by instruction,
one should try to avoid MR items of type 3 and to rephrase them in such a way that only one
correct subset of interdependent options remains.

Furthermore, when the learning objective or target competency requires that the student can
distinguish relevant from irrelevant information or has to be able to select all necessary information
or all necessary operations or tools it is better not to give the number of options that need to be
selected.

In the discussion of the use of MR-questions in higher education below some more examples will be
presented where recognizing the number of correct options is an essential part of answering the
question.

3.3.2 If the number of options is fixed by instruction, then the number of correct
options must be half the total number of the options or less and the total
number of options must be at least four

This requirement only applies to type 1 MR-multiple true/false items. If the number of independent
options to be selected is fixed by instruction, the number of correct options must be half the total
number of the options or less. Otherwise, with partial credit scoring at least a score 0 is impossible,
because even the worst selection necessarily contains a correct option. This requirement implies
that the total number of options must be at least four, because the item must contain at least 2
correct options. If the number of options is fixed at one by instruction the question is not a MR
question but an MC question.

Note that if the number of to be selected options is not fixed by instruction the number of options
may be less than four, and, in principle, all options could be correct.

3.3.3 The maximum score of the question must be indicated in the test

Because there are different methods to score MR-questions there must be clarity to the test taker
as to which method is used and what the maximum score will be.

3.34 Guidelines for writing MR-questions

A general guideline for writing MR-questions is the advice to aim at large option lists that are
already available as a ‘natural set’ of options, for example a list of formulas or a list of medical
treatments. Clearly, as the list of distracters or choices of an MR question grows, it limits
drastically the chances of correct guessing (Scalise et al., 2006). When it is difficult to find
incorrect options this advice does not imply to include obviously wrong options.
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The use of a small number of options comes from the tradition of paper based tests. In computer-
based assessment extensive option lists can more easily be used in multiple response questions.

In many practical situations a natural set of options is already existent, for example a list of
formulas or a list of medical therapies. A typical example is example 4. The nhumber of to be
selected options in this example is fixed by instruction because first the aim of the question is to
ascertain whether the participant is able to select a few, correct possibilities, and second, with so
many alternatives the influence of personality traits can hardly be avoided with free selection.

Example 4 : A MR-multiple true/false item with a large list of options
(From : Case et al., 2002)

a) Calcium, b) Fluoride, c) Folic acid, d) Iron, e) Vitamin A, f) Vitamin B1 (Thiamine), g) Vitamin
B6, h) Vitamin B12 (cyanocobalamin), i) Vitamin C, j) Vitamin D, k) Vitamin E

For each child select the appropriate vitamin or mineral supplements

Case 1. A 1-month old infant is brought to the physician for a well-child examination. He has been
exclusively breast-fed, and examination shows normal findings. (Select two supplements)
Correct: b,j

Case 2. A 6-year-old girl has cystic fybrosis she has been taking no medications. (Select three
supplements)
Correct: e,j,k

Note that various interaction types can be used for the selections. The interaction type is not given
here in order to avoid the discussion about interaction types.

3.3.5 Some examples of the use of Multiple Response Questions in higher education

This subsection presents a few typical examples of MR questions and relates them to types of
learning objectives that are relatively important in higher education in natural, engineering and
social sciences. Note that in al these examples the requirement to fix the humber of options was
overruled by the requirement that in these questions it is essential that the participant recognizes
all the appropriate options, and not just selects the so many best options in his view.

The use of multiple response questions in problem solving

MR questions are perfectly well suited for measuring whether a participant knows or can infer what
information is relevant or necessary to find or create solutions to a given problem. This also applies
to problems that at first sight seem to be calculation problems. In higher education, most subject
matter experts want to focus not so much on the actual calculation problem or the correct
numerical outcome to a calculation problem. Rather a participant must be able to identify specific
steps in the calculation or inference chain or be able to select all the necessary elements that are
needed to arrive at a solution to the problem or to distinguish between relevant and irrelevant
information, tools and operations (Biggs, 1999).

The