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Abstract. In this paper we present a web based tool for authoring adaptive
assessments based on IMS QTI, IMS LIP and IEEE PAPI learning standards.
The tool allows authors of assessments to customize the applied adaptation
strategies to meet their own teaching experiences and goals. During the
assessment procedure the system accumulates knowledge about learners and
adapts the exposure of items based on this knowledge and on the adaptable
rule model. Design decisions and the employed user, domain and rule models
are analyzed and discussed. Results from a usability evaluation are discussed
at the end of the paper.

1 Introduction

Adaptive Educational Hypermedia Systems provide a learning environment adapted
to the individual characteristics and goals of the learners [1]. Adaptive Educational
Hypermedia Systems can be used both for assessment and self-assessment providing
a tailored testing environment which results to a shorter and less demanding
assessment.

Most of the current adaptive testing systems rely on the Computerized Adaptive
Testing technique [2] and the Item Response Theory [3] and depending on the
learner’s performance they pose easier or more complex questions. This unique
adaptation criterion limits the capabilities offered to educators for identifying the
learning difficulties and misconceptions of their students. The majority of these
systems represent their data in a custom way, i.e. in a custom made database or XML
structure, preventing knowledge sharing between applications [4, 5].

CosyQTI has been designed taking into account two very important factors.
Firstly, that the data models employed should comply with established learning
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standards to support interoperability among e-learning systems. Secondly, adaptive
decisions should not be fixed and thus pedagogically limited. Instead, the adaptivity
decisions should be left to educators who could then integrate their own teaching
experiences and intelligence into the system. This can be achieved through the
customization of a broad set of predefined adaptive rules.

The paper is organized as follows. In section 2, a brief introduction to adaptation
in assessment systems is provided. Section 3 presents the basic modules of CosyQTI
and discusses the factors that influenced their design. Section 4 presents the results
of usability experiments and section 5 summarizes and gives directions for further
research.

2 Adaptation in Assessment Systems

The most well known adaptation technique is Computer Adaptive Testing (CAT).
This involves a computer-administered test in which, the selection/presentation of
each question and the decision to end the process are dynamically adapted to the
learner’s performance in the test [2]. Computer Adaptive Testing is based on Item
Response Theory [3]. In the adaptive testing procedure, depending on the learner’s
answers to questions, easier or questions of increased difficulty are posed. The
criterion for selecting questions is to match the question’s difficulty level with the
learner’s estimated knowledge level. It has been shown that these questions are more
“informative” in terms of conclusions that can be drawn on the learner’s knowledge.
The goal is to accurately estimate the learner’s knowledge. Several approaches
exploit the idea of adaptive testing. Huang in [6] describes the CBAT-2 adaptive
testing algorithm that generates content-balanced questions and SIETTE [7] is an
adaptive assessment authoring tool that employs this technique.

Anpother adaptation technique, which is however mainly used in computer-
assisted surveys, is Adaptive Questions, as defined by Pitkow and Recker in [8]. This
method causes the generation of a dynamic sequence of questions depending on
learner’s responses. In this case, questions are divided in categories based on
whether they do not cause any adaptation at all, trigger one follow-up question, or
trigger more than one follow-up question. It has been shown that web-based adaptive
questionnaires can reduce the number and complexity of questions presented to
users. Adaptive questionnaires have been used to assess web users’ attitudes in
CATES [9].

3 Overview of CosyQTI

CosyQTI is a web based tool allowing authors to create both adaptive and non-
adaptive web based assessments. The component based architecture of the system,
depicted in figure 1 using UML notation, consists of a learner model, a domain
model and a rule model. The item selection engine is implicitly created based on
these models. The learner model contains information such as the goals, preferences,
qualifications, knowledge estimations and usage data of each learner. The domain
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model follows the IEEE/ACM Computing Curricula structure [10] and additional
domains can be easily integrated. The rule model is user adaptable meaning that

educators adapt a set of predefined rules to meet their own pedagogical goals and
beliefs.

Learmngr f-r-sm-mmm e e Domain
Mode! L Model
o anan S 7
I o i
! S~ - 1
1! [
Run Time -
Model Lo Rule Model
_________________ >

'Depends on' relationship

Fig. 1. High level component architecture of CosyQTI

3.1 Assessment authoring

After authentication educators select the domain of the assessment and create a new
assessment or edit an existing one through a homogeneous interface (see figure 2).
Educators can create or re-use items (questions) of various types and group them to
sections. Each section is associated with a concept which in turn is associated with a
domain.
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Fig. 2. Creation of multiple choice questions

For each assessment item the educator may alter the default values of the
additional data which are difficulty level, hints, number of attempts, penalty for
using the hint, and minimum and maximum score (see figure 2). The different types
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of items supported are:

(i)True/False

(i1) Multiple choice (single, multiple or ordered response)

(iii) Fill-in-the-blanks

(iv) Multiple Image choice

(v) Image hot spot.

Interoperability is a significant design requirement in CosyQTI. Therefore the
created assessments conform to IMS QTI (Question and Test Interoperability) XML
standard [11], so that they can easily be exported and used by other IMS compliant
applications. QTI structures material into assessments, sections, and items. An item
is the formal name for a question and assessment is the terminology used for a test.

The structure of an assessment resembles a two dimensional array. Each row is a
set of questions which are grouped in a section and associated with a concept of the
domain. The number of items is diversified between sections and they are sorted
based on their difficulty level. Testing paths differ between learners as in real world
classes. Experienced teachers pose questions of increased complexity to students
with a high knowledge level or an augmented number of simpler questions to
students with lower performance. In both cases the ultimate goal of educators is to
encourage all the students to actively participate in the learning procedure. Similarly
in CosyQTI the testing path of a new learner may initiate in question 1 of section 1,
while in other learners the assessment procedure may start in question 1 of section 2
or in a question of increased difficulty level of section 1.

3.2 Learner model

The adaptivity of the system relies primarily on the learner model which contains the
goals, preferences, knowledge and usage data of each learner. This information is
crucial as the adaptive rules are based on these data as we will see in the next
sections. The information in the user profile has to be such that the system can better
adapt to the user’s individual needs [12]. To support the adaptive approach taken in
CosyQTI we identified five categories of data in the learner profile:

(i) Demographic information: data that remains unchanged, such as age, gender,

etc.

(ii) Learner goals: which are related to the long and short term learning goals (e.g.

“to pass test X with a high score™).

(iii) Learner preferences: preferences related to various aspects of the learning

environment and procedure (e.g. the mode of delivery, accessibility requirements,

or assessment).

(iv) Learner knowledge: records the knowledge level and the weaknesses and

strengths related to the concepts to be learnt and the formal qualifications of a

learner.

(v) Usage data: information like which pages were viewed, in what order, for how

long, etc.

For satisfying the interoperability design principle we structured the data using
learning standards. More specifically, the attributes that compose a learner’s profile
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have resulted from a selection and combination of elements from IMS LIP [13] and
IEEE PAPI [14] standards. This combination of elements serves our key objective
for interoperability without compromising the attributes and services required [15].

3.3 Domain model

Domain model is a set of associated concepts which form hierarchies of concepts.
Concepts of the domain model may be atomic or composite containing other atomic
or composite concepts. The IEEE/ACM vocabulary [10] is utilized for testing
purposes in the current implementation of CosyQTI. However CosyQTI is an open
domain web testing tool, meaning that a mechanism has been developed which
allows automatic integration of domains following the IEEE/ACM vocabulary
structure. Thus educators of various disciplines are able to utilize the system.

The domain model contains additionally a series of learning objectives such as
‘learn concept X, ‘describe the common characteristics of concept X, etc. Learning
objectives are high level abstract learning goals which are associated with concepts
at run time. Educators define learning objectives for each section or item of an
assessment and the system automatically determines, based on the learner’s
performance, whether these learning goals are satisfied or not. The domain model is
overlaid {16] in the learner model based on the concepts and learning objectives of
an assessment.

3.4 Rule model

Adaptation decisions are set by the educators during the authoring phase. An
educator is able to adapt the assessment to the requirements of an individual or to the
aims of a class by adapting a set of IF <condition> THEN <action> rules. During the
creation stage trigger points are set and actions are specified based on the learning
preferences and pedagogical aims of the teacher (see figure 3). Rules are applicable
either to new users or to existing users for whom the system, based on their previous
interactions, has a complete learner profile. Adaptation rules may be combined with
the aid of Boolean operators.

Events relate to the previous knowledge on the assessed subject, formal
qualifications, previously estimated knowledge level or performance during the
exccution of an assessment. Conditions are set by the educators and are thresholds
which should a learner pass an action is realised. Actions may be section
advancement, knowledge level increase or decrease, assessment ending, ascent or
descent of the difficulty level. For example an educator may impose section
advancement and knowledge level increase if the score of a learner during the first
five questions of a section is greater or equal to 75%.

3.5 Run time model

When learners log in to the system they are identified and described by their personal
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model. The user model has to form an accurate image of the learner so it needs to be
updated frequently to include any changes. The learner’s knowledge is updated in
our system, based on the section topics a learner is assessed on. The algorithm used
to update the user’s knowledge is implicitly formed based on the author’s rules.
Learners get immediate feedback and help on their choices.

System keeps the learner’s usage data which includes historical information
about the learner’s performance in the test as well. It is very useful to keep track of
the learner’s actions and the sequence of sections and items visited. This information
is required in cases where an author wants to apply advanced rules such as “If the
user performed very well in section A but performed poorly in section B, then
present a new section with intermediate difficulty level”. This type of rule condition
is currently under development. Also usage data can be used for opening the learner
model during or at the end of an assessment [17].
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Fig. 3. Rule adaptation options

5 Evaluation

CosyQTI is a web based adaptive assessment tool which can be used for self-
assessment as well. Its main goal is to support learning by adapting the testing
procedure to the performance, goals and preferences of learners and to the teaching
experiences and intelligence of educators. Thorough evaluation of such a system is a
complex and time consuming procedure involving compound criteria, several users
and different approaches.

The initial evaluation performed regarded the system’s added value offered to
educators. The system’s authoring capabilities and features were explained and
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exhibited to five experienced IT instructors. Then we asked them to create a 4
section assessment consisting of 10 questions each. We asked the participants to
supply their own queries and should they judge it appropriate and necessary to adjust
some of the available adaptive rules.

During the test authoring phase we recorded their adaptation decisions. As seen
in table 1 most of the educators defined section advancement if a learner achieves a
specific score in the first 5 or 7 questions. However two of them created more
specialised compound rules applied either at the start or at the end of each section.
These rules depend on the estimated knowledge level of learners. If it is high then
force the system to increase the knowledge level and thus the difficulty level of the
subsequent questions.

Table 1. Adaptive rules created from the educators

Educator Trigger point Condition Action

1 Question 5 of each Score > 75% Move on to the next
section section

2 Question 7 of each Score >= 90% Move on to the next
section section

3 1. Test initiation 1. Degree in 1. Pose questions of

computer science  increased difficulty level
or certificate in IT
2. Question 5 of each 2. Score >=100% 2. Move on to the next
section section

4 End of first section Score >= 80% Increase knowledge
level and difficulty level
of posed questions

5 Start and end of each  High or low Increase/decrease
section knowledge level in  difficulty level of posed
the domain questions

This short evaluation revealed that such a system is quite useful because it grants
educators with freedom to apply their own intelligence and teaching philosophy.
However enrichment of the rule model is necessary and possibly a mechanism for
defining new rules instead of simply adjusting the predefined ones is necessary as
well. In any case more exhaustive evaluation experiments are needed to realize the
full potential of the system and to recognize design weaknesses.

5 Discussion and Future Work

This paper presents the basic components and design decisions of a web based
adaptive assessment authoring tool. Data models conform to international standards
making the system interoperable with other e-learning tools. Educators have the
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ability to tailor multiple criteria to their goals and to the individual needs of their
learners. The authoring environment makes the addition and modification of learning
content straightforward and allows the educators to efficiently customize the
execution of the assessment and assign various learning objectives to items and
sections. Learners get immediate feedback on each question and an analytical
explanation at the end of the assessment.

The usability experiment revealed that the capabilities and the non restrictive
nature of the system are very useful to educators. Different educators applied
different pedagogical approaches to test the knowledge of their students on the same
domain. The evaluation produced new research directions with respect to the
adaptation model. More adaptive rules and more adaptability freedom needed to
simulate real teacher/student classes.
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