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Abstract This paper presents the development of a modularized hypermedia testing tool,
called iAdaptTest, based entirely on e-learning specifications and discusses how this
architecture improves the reusability and the interoperability of the learning data. All the
categories of data,—that is—topics, user profiles, testing data, adaptive rules, and testing
results are coded in XML format complying with Topic Maps, IMS LIP and IMS QTI. The
data are stored in distinct files and can be independently shared across different educational
applications. The paper concludes with an evaluation study concerning the creation of
formative and summative assessments for adult seminars. Through focused interviews, the
participants of the study identified the ability to share information and the multi-criteria
adaptation options as the most important features of the system. Further, in the second
phase of the evaluation the files produced were shared with other educational applications
and thus it was verified that the learning data could be imported and rendered correctly.

Keywords Adaptive hypermedia . Interoperability . Reusability . Assessment .

Educational technology . Personalisation . Multimedia applications . XML

1 Introduction

Computer-based testing tools are becoming increasingly important for both learning and
assessment [6, 30]. Testing tools are utilized in secondary education, in vocational training
and in higher education in an attempt to minimize the test administration efforts and costs,
maximizing at the same time the potential for more immediate, accurate and multimedia
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enriched assessments. Technology for assessment spans from scanning technology to
support marking to computerized adaptive testing systems. With the increased utilization of
technology for both learning and assessment, the need to efficiently re-use and share the
data accumulated in educational tools has been more demanding than ever. Content
reusability is a key aim for educational technologists, especially in testing systems where
several categories of data are involved.

CETIS1 (Centre for Educational Technology Interoperability Standards) states that
standard ways of describing educational material are needed so that they can be easily
searched for and located. E-learning specifications refer to the standardization of XML
structures which are used to describe various aspects of the learning procedure. IEEE2

(Institute of Electrical and Electronics Engineers) and IMS Global Learning Consortium3

(Instructional Management Systems project) are examples of organizations and consortiums
which developed XML learning standards for describing, among others, e-lessons, user
profiles, e-portfolios and testing data.

The development and diffusion of e-learning standards raised new research questions
related to how we can efficiently utilize them in order to increase the reusability and
syntactic interoperability of learning content. We believe that in order to greatly improve
these "abilities" we need educational tools that are highly modularized and truly conform to
e-learning standards. The output of each module should comply with a distinct e-learning
standard rather than a mixture of XML elements from different standards as suggested in
some studies [9]. In this way the output of each module could be reused and shared
separately with other educational applications.

In this paper we present the development of iAdaptTest, a modular adaptive testing tool
conforming to the Topic Maps [38], the IMS Learner Information Package [20], and the
IMS Question and Test Interoperability [21] standards. The output of each module
conforms fully to the latest version of the specification and is stored in a different XML file.
As the e-learning industry continues to expand every day, and the methods and tools
necessary to create and maintain content and infrastructure applications become more
complicated, there is an inherent need for multimedia educational applications to
interoperate and exchange data in order to better support the needs of learners and
educators. The iAdaptTest is a modular system which can be used either as a standalone
desktop application or can be published on the Web. Its modular nature supports both the
independent use of the authoring tools to create interoperable content or the combination of
the tools in a sequential mode in order to create complex standards-based adaptive
assessments. Further, the tool is domain independent and can be used for various
educational aims. The main aim of the paper is to present the architecture of the testing tool
and discuss how this architectural design focuses on the reusability and interoperability of
learning content. On the basis of an evaluative study we discuss the added value of the tool
in terms of its adaptability and content reusability. The evaluation presented below was
based on the use of the tool as a pilot study with a small number of educators and considers
the perceived ease of use of the tool together with the assessment strategies and rules
employed. In conclusion we consider how iAdaptTest system might be improved in the
future to help maximize interoperability and improve pedagogic value to educators.

The remaining of the paper is organized as follows. In section 2, a number of studies
related to the utilization of e-learning standards in assessment tools are discussed. Section 3

1 http://www.cetis.ac.uk
2 http://www.ieee.org
3 http://www.imsglobal.org
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presents the basic modules of iAdaptTest and discusses the factors that influenced their
design. Section 4 presents the results of an evaluative study and section 5 summarizes and
gives directions for further research.

2 Background

Content reusability is a novel aim in educational technologies. One of the most well known
learning standards for coding learning data is Sharable Content Object Reference Model
[37]. A number of tools abiding to the specification or presenting architectural models have
been proposed for SCORM [24, 31]. These papers discuss the need to create interoperable
systems and techniques for exploitation of the learning standards; additionally they
critically review some of the problems of utilizing this learning standard.

The Question and Test Interoperability (QTI) specification describes an XML based
technical format for the coding and exchange of assessment content from individual
questions through to complete tests. QTI, which is often referred to as IMS 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 latest version of IMS QTI supports
simple and composite questions and question repositories. QTI was first published in 1999
and has already been matured to a new version 2.1.

A number of QTI aware tools have already been created. In [2] a QTI assessment tool
used for assessing physics is presented and utilized in the construction of real assessments.
Another study discusses the integration of a QTI v1.x editor and player in a Web portal
[14]. These tools support a limited number of questions of the QTI v1.x standard. Rules for
processing the results are also defined using the QTI’s XML elements. The QTI
assessments are integrated into the Web portal using the IMS Learning Design [18]. In
[29] an extensible QTI engine is presented. Another tool, QED (Quiz Engine Developer), is
an open source and platform independent quiz developer [22]. This is a standards compliant
system which permits the user to develop questions at the lowest level of granularity
(termed Quiz Objects). An architectural design for resource effective processing of QTI
v2.1 on resource-limited mobile devices is presented in [45].

IEEE Public and Private Information [17] and IMS LIP are XML based learning standards
for learner profiles. IMS LIP is more general since it contains the attributes of IEEE PAPI.
Tools utilizing these standards have already been published [5, 32]. It has also been proposed
to combine elements from the two standards to provide an expanded user profile [9].

The need to re-engineer existing tools to conform to e-learning standards has also been
identified in the literature [40]. In one of our older works a hypermedia environment for
managing online courseware based on adaptable templates is utilized in courseware
construction in a number of adult training seminars [26]. During the evaluation of the system,
the participants identified as important the need to import their courses to other e-learning tools
and thus it was concluded that the tool needs to be re-engineered to become compatible with a
learning standard.

In [34] a layered approach for a SCORM compliant assessment tool is presented. The
need to extend SCORM for assessment authoring is also discussed in [4]. In [1] the IEEE
LOM (Learning Object Metadata) standard is used to describe learning objects. The authors
present a framework utilizing additional standards to deliver personalized lessons.

Van Rosmalen et al. [43] introduce a standards-based model for adaptive e-learning and
investigate the conditions and tools required by authors to implement this model. The
presented model combines IMS LD and IMS QTI in order to provide personalized content.
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However, the authors do not present or evaluate an actual implementation and the mixture
of elements of the two e-learning standards makes their independent utilization more
difficult. The combination of re-usable, though not standards based learning objects was
also proposed in [25]. In [12] the creation of adaptive learning systems is based on the
combination of component technology, semantic metadata, and adaptation rules. However,
the authors do not discuss the issues of re-usability and interoperability or how they code
their data.

Paramythis and Loidl-Reisinger [33] examine the sufficiency of existing e-learning
standards for facilitating and supporting the introduction of adaptive techniques in
computer-based learning systems. Their analysis has pointed out that existing standards
do have some provisions for adaptation, but require substantial extensions to accommodate
common practice in adaptive learning environments. In [10] an adaptive learning
environment, called Personal Reader, is presented where the components realizing the
adaptation services require meta-information about courses, learning resources, and about
learners. The metadata are coded in Dublin Core [11] and IEEE LOM [16].

In [41] it is argued that standards like IMS LD cannot cover alone the requirements of
modelling adaptive learning applications and should be used in combination with other
software components. A system for constructing education and entertainment experiences
by relating TV and learning content is presented in [35]. The authors construct personalized
activities by proposing the adaptation of learning contents by defining an extension to the
SCORM specification called A-SCORM (Adaptive-SCORM).

In [28] adaptive testing functionalities are discussed by proposing new extensions to IMS
QTI for item parameters and interfacing parameters' characterisation. Boticario and Santos [3]
discuss the use of IMS standards for developing a general framework and a running architecture
to support the full life cycle of adaptive learning systems. An adaptive authoring system is
extended in [13], by adding compatibility with IMS QTI and other IMS standards. The authors
claim that in this way the data of their adaptive tool can be shared across different tools.

The above selected publications show that there is an established base of researchers
working in the area of e-learning standards. Some work has also been done on integrating
learning standards into adaptive tools. Most of the previous research studies focus mainly
on a specific learning standard and try to create models or tools which abide by this
specification. However, it can be concluded from these studies that working with only one
standard limits the required options for modelling the various data involved in building
adaptive learning applications. Therefore developers resort into less generalized solutions or
extensions to the standards which in turn undermine data re-usability.

As is discussed in the next sections, our tool is a complex adaptive testing system with
various categories of data. In order to improve the ability to share content with other
educational applications we believe that the data of the system should completely abide by
one or more learning specifications. Further, data abiding to different standards should be
stored separately so that they can be utilized individually. The architecture of the system
should be extensible to easily absorb future expansions which will be driven by alterations
of the e-learning specifications. By complying with these demands we can increase the
interoperability, shareability, and durability of the system.

3 iAdaptTest: an interoperable adaptive testing tool

As discussed in the previous sections, the main concerns of the present work is to increase
content reusability and interoperability among educational applications. To achieve these
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novel goals the system is developed as a collection of separate modules (see Fig. 1). Each
module of the authoring subsystem conforms to a specific XML based standard. The test
execution and data presentation subsystems take as input all these data categories but they
update mainly the learner profile of educators.

Users (learners and educators) access the tools of the authoring environment
through a unified interface which allows the easy and uniform utilization of the
modules of the system. The tools are integrated as different tabs in a single window,
sequenced according to their role in the editing of the adaptive tests. For example, the
topic management tool is the first tab, followed by the learner profile management
module and so on. Through this interface users can start, for example, the question
editor assessment, the topic management tool, etc. That way the users do not need to
be aware of the system’s architecture or have any knowledge of the technical details
of the testing tool.

Each tool describes semantically its data using a distinct e-learning standard. The
output of each tool is stored in a different repository. This way the output of each
tool can be shared autonomously with other educational applications. For example, the
topic map could be reused in a learning management system to describe the topic
hierarchy of the online lessons. The questions and assessments can be shared with
other assessment tools and the user knowledge accumulated in the system could be
shared with other learning applications understanding the used learner profiling e-
learning standard. This distributed architecture improves content reusability as it is
possible to share different parts of our data with various e-learning applications. All
the tools presented in the next sections are developed in Visual Studio.Net. So they
can be used either as standalone Windows based applications or they can alternatively,
through the options of the development environment, be published as a Web
application. The XML data are stored as text files. Each assessment is stored in
separate directories. As explained, although there are four discrete tools in the system,
these are initiated through a simple interface and they communicate through their data,
i.e. the output data of one tool are the input data of the next tools. Of course this is
transparent to end users who see only the final XML files stored in a single directory.
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Fig. 1 High level architectural view of the iAdaptTest system
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3.1 Authoring system

3.1.1 Topic management

Figure 2 shows the interface of iTM, a visual tool which allows educators to develop and
graphically display the topic hierarchy. Educators can then visually associate their testing
materials with the appropriate topic and subtopics. The topics’ data need to be represented
in an XML based standard to promote the goals of interoperability and content shareability.

A suitable specification for coding the topics’ data is topic maps. Topic maps are an ISO
standard for the representation and interchange of knowledge, with an emphasis on how
easy it is to find the right information [39]. A topic map can represent information using
topics, associations, and occurrences. They are thus similar to semantic networks and both
concept and mind maps in many respects. Topic maps have a standard XML based
interchange syntax called XML Topic Maps (XTM) and query and schema languages are
being developed within ISO. Topic maps for e-learning are proposed in other studies as
well [8]. In our tool the topics and subtopics network is important for estimating the
knowledge of students to specific topics through their performance. This knowledge is
overlaid in their profile and propagates from the sub-topics up to the main topic.

The graphical tool presented in Fig. 2 supports the creation, update and import of topics
and presents the dependencies in a graphical mode. The XML output of the tool (see Fig. 3)
is validated against the DTD (Document Type Definition) of Topic Maps [38]. The purpose
of a DTD is to define the legal building blocks of an XML document. It defines the
document structure with a list of legal elements and attributes. So the produced XML files
should be validated using the DTD schema to ensure compatibility with the specification.
As shown in Fig. 4, the output of each authoring module is validated against the DTD of a
specific XML specification. In this manner, we ensure that the content can be shared across
educational applications that share an understanding on the specific content. XML schemas
are also used to describe the structure of XML documents and since they are more
expressive than the DTDs, they could be used as an alternative for validating the well-
formedness of the produced XML files.

Fig. 2 The iTM topic map management tool
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The interface of iTM (Fig. 2) and of the next tools follows the conventions of theMicrosoft
office tools so as to minimize the learning effort for users. Users may create, open, save or save
as the topics and ask for help. These functions are available through the menu options or via the
available icons. Each function is independent of the others and thus new functions, e.g. printing,
can be easily added. From an engineering point of view, the testing system offers various levels
of modularity, i.e. modularity at the level of tools and modularity at the level of functions.

3.1.2 Learner profile management

Learner profiles consist of a set of attributes which describe the personal data of learners (e.g.
name, date of birth), their formal education (e.g. degrees), their working experiences, their goals
(e.g. to prepare for a final exam), their preferences (e.g. to be presented with the questions of
increased difficulty) and their evaluation data (e.g. activities performed during the test).

Learner profiles are managed through the learner profile management tool, iLM (see
Fig. 5). The learner profiles management tool supports initialization of profiles, import from
other sources, update and display of profiles in alternative modes. Initialization is
performed either per user or in batches, based on specific learner pre-defined stereotypes
as in older tools [23]. At the moment these stereotypes are beginner, intermediate and
advanced and concern primarily the knowledge level of learners to specific topics. Through
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Fig. 4 Validation of the produced XML files

Fig. 3 Excerpt from a topic map XML file
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the learner management profile module both learners and educators can log in and based on
their assigned rights, edit or view their profiles. Educators can additionally create or update
new accounts.

In adaptive education hypermedia systems, topics are overlaid in the learner profile [7].
That is, the knowledge of the learner is associated and measured with respect to specific
topics of the topic hierarchy, usually called domain model. So a learner profile should
contain in addition the knowledge of each learner related to the topics of the topic network
created with iTM tool. So iLM needs to be able to read the topic map XML file produced
from iTM tool and to overlay this information in the user profiles.

Suitable specifications for learner profiles are IEEE PAPI (Public and Private
Information - http://edutool.com/papi) and IMS LIP (Learner Information Profile). We
selected IMS LIP which utilizes and expands most of the features of IEEE PAPI. IMS LIP
contains a large number of attributes capable of coding all the information for learners. The
high level XML attributes used to code the desired information are: <learnerinformation>,
<qcl>, <competency>, <goal>, <accessibility>, <transcript> and <activity> (see Fig. 6).
Using these data we code the knowledge, qualifications, achievements, goals and activities
of the learners.

3.1.3 Testing item and assessment management

Testing items and assessments are coded in IMS QTI standard (Question and Test
Interoperability). This specification 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 latest version of IMS QTI supports simple and composite questions and question
repositories.

Figure 7 shows iQTIed which allows the creation of various question types (e.g. true/
false, multiple choice, gap match, association, etc) and assessments and Fig. 8 shows an
example of its output. Using the visual tool, educators are able to create questions and
assessments and to associate them with specific topics and also view their assessment in a
hierarchical mode. The editor allows creation, import and modification of QTI items. The
output of the editor conforms to the latest QTI version 2.1. Each question item is stored in a
different XML file and is referenced in the assessment’s file as the specification requires.

Fig. 5 The iLM, learner profile management tool
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3.1.4 Adaptation management

Adaptive testing systems are computerized tests aiming to accurately reflect the
instructional level of each student with a shorter number of queries tailored to the
characteristics of the individual learner [42, 44]. The existing computerized adaptive testing
(CAT) systems base their adaptation mainly on the learner’s performance using various

Fig. 7 The iQTIed Testing item management tool

Fig. 6 Learner profile coded in IMS LIP
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statistical models. In our tool, adaptation of the testing procedure relies on the performance,
the prior knowledge, the preferences and the goals of the system. Educators are able to
force advancement of the procedure where a learner has passed a threshold or when a
specific educational aim (e.g. answer all the high difficulty questions correctly) is met.

The adaptation management tool, called iAdaptEd (see Fig. 9), allows educators to
visually customize predefined rules and apply them to certain questions. The latest version
of QTI supports adaptive items and rules and hence it is used to store the data for the
adaptation as well. The <responseProcessing> QTI element and its sub-elements such as
<responseCondition>, <responseIf>, <and>, <not>, are used, among other QTI XML
elements, to code our rules (Fig. 10). These rules are stored into different QTI XML files than
the QTI questions in order to isolate the basic learning content from the adaptive procedure.
IMS Simple Sequencing [19] could also be used in a future expansion of the adaptive rule
subsystem. The integration of the Simple Sequencing specification will be straightforward
and transparent to the rest of the system due to the modularized nature of the tool.

Each adaptation rule has an initiation point, a condition to be met and a specified action.
Initiation points are set on specific questions of the assessment and testing routes change
based on whether the conditions are met and actions happen.

The conditions concern:

& the performance of the learner
& the prior knowledge and formal education of the learner
& the current goals or the preferences of the learner

Fig. 8 Excerpt from an IMS QTI assessment item file
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The supported set of actions is:

& start assessment on question
& start assessment on section
& move to question
& move to section
& re-try specific questions
& re-try assessment
& show questions of specific difficulty level

Fig. 10 Excerpt from an IMS QTI response processing file

Fig. 9 The iAdaptEd adaptation management tool
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The described system is designed both for summative and formative evaluations
[15, 36]. Formative assessment is often performed at the beginning or during a
program, thus providing the opportunity for immediate evidence for student learning
in a particular course or at a particular point in a program. Summative assessment is
comprehensive in nature, provides accountability and is used to check the level of
learning at the end of the program.

In our system, summative assessments can rely on the performance of the learner,
so customization could be left to the rules set by the educators. Formative assessments
aim at helping learners to appreciate their real knowledge. So the adaptation could be
based on the goals of the learners. If learners feel that they are well prepared they
could ask for difficult questions. Or if they do not understand some questions, they
could try easier questions. In any case our tool is flexible enough to support various
testing strategies and accommodate the goals of both learners and educators.

3.2 Test execution and data presentation system

The test execution component takes as input all the data categories and runs the test.
Users log into the system and select one of their assigned tests (see Figure 11). Based
on the adaptation rules users may be asked to either define the difficulty of the questions
they wish to try, or the system may start the adaptation at a point which matches their
knowledge level. The test execution system updates the learner profile data. Mainly it
updates the knowledge level of a learner at specific topics and subtopics and records the
activities of the learner so that both the learners and educators can have a clear image of
their testing attempts.

At the end of the assessment, users may log into the Learner Management system
and view statistics and some conclusions on their testing procedure (see Figure 5). At
the moment the statistics are shown in textual form and concern primarily the number
of correctly answered questions and the classification of the learner, the number of
wrong answers, the number of questions per test, etc. Based on the abundance of
testing data, it is relatively easy to produce more statistics for each learner in both
graphical and textual forms.

Fig. 11 The iAdaptRT run time environment of the iAdaptTest
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4 Evaluation

4.1 Aims and user data

The previous section described the architecture and the design decisions of a modular, rule
based adaptive system, complying with Topic Maps, IMS LIP and IMS QTI. The
iAdaptTest allows educators to create assessment activities and customize them according
to a number of criteria. The focus of this paper is on how the tool presented increases
reusability and interoperability of the e-learning content. Therefore, although the system
can be utilized for diverse pedagogical aims and its significance can be evaluated under
different perspectives, the focus of the present evaluation is on how the teachers feel about
such a system and whether the produced learning content is indeed shareable.

The specific aims of the evaluation were to understand if:

(i) the tool is easy to use by educators
(ii) the educators will adapt the assessment using different rules
(iii) the supported set of rules is expanded enough to support different testing strategies
(iv) the content of assessments can be shared across different e-learning applications.

With the aid of eleven educators we ran an evaluation study of the adaptive
assessment tool. Four of the educators were computer science trainers, two were
teachers of linguistics in high schools, and the last five were teachers of physical
sciences (chemistry, physics). The evaluations were performed in May 2008 with the
first group of four teachers and in December 2008 with the remaining users. First, the
tool was shown to each user for 30 minutes in order to help them understand its
features and options. During the demonstration of the system its basic characteristics
(multi-criteria adaptation, interoperability, etc.) were explained to the users.

The educators were then asked to prepare some formative and summative assessments for
their classes. Both assessment types were run at the end of the courses in which the participants
taught. The educators were free to create as many sections and questions per section as they
judged necessary. The aim of the formative assessments was to allow learners who understand
their current knowledge to prepare for the final assessments. Further, these assessments could
help educators to understand the true knowledge of their students.

4.2 Analysis of the assessments

Each teacher created one formative and one summative assessment. 22 different
assessments were eventually created. As seen in Tables 1 and 3, educators formed a
different number of questions and sections per assessment. Further, they utilized different
strategies especially in the formative assessments (see Tables 2 and 4).

More specifically, the formative assessments were based primarily on the prior knowledge or
the goals of the learners. The educators preferred to base the self evaluations on these factors to
help their students adjust the assessment to their needs. Educators created different number of
questions and sections (Table 1). They created 1 or 2 or 3 sections and the questions in each
section ranged from 5 to 18 questions. Each section was associated to a different topic and the
difficulty level of each question varied from medium to difficult.

Tables 3 and 4 concern the data from the summative assessments. More specifically they
present the number of the created sections and questions per assessment and the employed
rules. In this case, the majority of the educators preferred to base their assessment primarily
on the performance of the learners. The number of sections and questions were different
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from the formative assessments. Taking into account that each section is related to a
different subtopic of the main topic, the increased number of sections may be due to the
need for the educators to test the knowledge of their students in different topics. Two of the
educators did not apply any rule because they believed that in summative assessments all
students need to be examined on the same number of questions. Nevertheless, the same
educators did employ some adaptive rules in formative assessments. These different
pedagogical approaches of the same educator are quite rational given the fact that they

Formative assessments

Educator No of questions per section Employed rules

Section 1 Section 2 Section 3

1. 18 – – Performance of learner

2. 15 15 – Prior knowledge of
learner

3. 7 7 7 Goals of learner

4. 6 6 8 Prior knowledge of
learner

5. 5 5 – Prior knowledge of
learner

6. 8 8 – Prior knowledge of
learner

7. 9 8 – Goals of learner

8. 10 10 – Performance of learner

9. 10 10 10 Performance of learner

10. 15 15 – Goals of learner

11. 8 8 8 Prior knowledge of
learner

Table 1 Data related to the
formative assessments

Table 2 Adaptive rules employed by the educators in the formative assessments

Educator Adaptive rule

1. If a learner has answered correctly the first 10 questions then move to question no 15

2. If a learner’s knowledge level on the topic is high, then show questions of high difficulty only

3. Ask the students to decide the difficulty level of the questions they wish to try

4. Show questions that match the difficulty level of the student

5. If a learner’s knowledge level on the topic is high, then show questions of medium or high
difficulty only

6. Show questions that match the difficulty level of the student

7. Ask the students to decide the difficulty level of the questions they wish to try

8. If a learner has answered correctly the first 6 questions then move to next section

9. If a learner has answered correctly the first 10 questions then move to next section or end the
assessment

10. Ask the students to decide the difficulty level of the questions they wish to try

11. Start the assessment on the first question of each section that matches the knowledge level of the
learner
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originate from different goals. Our system is flexible and can accommodate all these
different approaches.

Table 2 shows the specific adaptive rules as adjusted by the educators in the formative
assessments. Although some of the rules were based on the same factors (i.e. prior
knowledge), the final rules were quite dissimilar reflecting the pedagogical strategies and
beliefs of the educators. For example, some educators based their adaptation decisions on
the prior knowledge of the learners but they adjusted the same rule in different modes.
These initial statistics are indications of the flexibility of the system to accommodate
various pedagogical and testing strategies.

Table 4 shows that the educators were able to customize the existing available rules.
Even though most of the educators preferred to base the adaptation to the performance of
the learners, the constructed rules were quite dissimilar. In CAT systems [42] the questions
to be shown are decided mechanically based on a complex set of statistics and thus the
educators do not have full control over the system. We also need to note that in both
formative and summative assessments the participants of our study utilized only one rule
across the assessments, although the tool supports the application of different rules both per
section and per assessment. This could allow the construction of more complex
assessments, more tailored to the needs of the learners and the preferences of the educators.

4.3 Reusable content

During this evaluation study, concerning the authoring capabilities of the tool, 309 distinct
questions were constructed. These questions were true/false, single choice and multiple
choice. Some of the educators reused in the summative assessments some of the questions
they had prepared for the formative assessments. Each question validated against the DTD
(Document Type Definition) of IMS QTI v2.1 (i.e. the latest at the time the paper is written)
to ensure full compatibility with the e-learning standard.

In a recent survey investigating the issue of true conformance to the QTI learning
standard we found that some of the tools which claim to be QTI compliant have only a low,

Table 3 Data related to the summative assessments

Summative assessments

Educator No of questions per section Employed rules

Section 1 Section 2 Section 3

1. 10 10 – Performance of learner

2. 12 12 12 Performance of learner

3. 6 6 10 Performance of learner

4. 8 8 8 Prior knowledge of learner

5. 15 15 15 Prior knowledge of learner

6. 6 6 6 Prior knowledge of learner

7. 5 5 5 No rule applied

8. 6 6 6 Performance of learner

9. 8 8 8 No rule applied

10. 10 10 10 Performance of learner

11. 8 8 8 Performance of learner
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selective, conformance to the standard [27]. The ability of tools to export data which validate
against the DTD of a QTI version and the ability of tools to import data were tested. Most of the
tools failed to fully support these services. ECQuiz (http://plone.org/products/ecquiz/) was the
only tool which could import and render correctly True/False and Multiple choice questions
of the latest version of QTI. Our tool supports this QTI version as well. Therefore we
randomly selected 44 of the constructed questions and imported them into ECQuiz to see if
they are rendered correctly. Four questions from each educator were selected and the
educators were asked to import them to the new tool. 43/44 (97.93%) of these questions were
imported and rendered correctly as appeared in our tool. ECQuiz added automatically a new
option called "I don't know" in each question as an alternative to not selecting any of the
options. However, this did not affect the available options and the correct answers.

The images of the questions created with our tool, iAdaptTest, were stored in the same
directory as the QTI XML file. But they had to be manually copied to a new directory of
ECQuiz to render correctly. This is why one of the questions failed to render accurately.
However, even in this case the import and rendering of the QTI item’s text and options were
correct. When the images were manually copied into the appropriate directory everything
interpreted correctly.

As a final step in this test, the participants ran the newly formed test containing the 44
questions. The test was executed and completed without any difficulty by the participants.

We also managed to import the topic hierarchy to two other tools which are based on
topic maps. The topic hierarchy could be projected without problems and then based on the
abilities of the new tools it could be extended or altered. Unfortunately there are no freely
available learner profiling tools abiding to IMS LIP so we could not perform any tests
concerning this category of data.

These tests verify the hypothesis of this paper; that is content sharing is easy when tools
abide closely to specific versions of e-learning standards. The modularized architecture of

Table 4 Adaptive rules employed by the educators in the summative assessments

Educator Adaptive rule

1. If a learner has answered correctly the first 8 questions then move to the next section

2. If learner’s score is higher or equal to 80% in the first 9 questions of each section then move to the
next section

3. If learner’s score is equal to 100% in the first 5 questions of each section then move to the next
section

4. Show questions that match the difficulty level of the student

5. If learner’s knowledge level on the topic is high, then show questions of medium or high difficulty
only

6. If learner’s score is equal to 100% in the first 5 questions of each section then move to the next
section

7. No rule applied

8. If learner’s score is equal to 100% in the first 4 questions of each section then move to the next
section

9. No rule applied

10. If learner’s score is equal to 100% in the first 6 questions of each section then move to the next
section

11. If learner’s score is equal to 100% in each section then move on to the 4th question of the next
section
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our tool supports the independent utilization of the testing data in other e-learning
applications. Each module stores its data on separate files, so the produced XML can be re-
used in different application without any difficulty. Even the QTI rules are stored in
different files than the QTI testing data in order to improve the reusability of the testing
items. Further, the modularized nature of the adaptive testing tools permits the easy
integration of new modules or the independent utilization of the authoring subsystems.

4.4 Questions to the educators

Following the construction of the assessments and the interoperability test, a short focused
interview was conducted separately with each participant in order to record their opinions of the
system. The following paragraphs present the questions and comment on the replies of the
participants.

& Did you find the tool easy to use?

All the participants agreed that the tool is easy to use mainly because of the unified interface
through which users can activate the respective subsystem. Also the fact that all the interfaces
follow the same convention and aesthetics helped them in mastering the interface very quickly.

& Do you consider the system useful?

We asked the participants to comment on the significance of the system. All the
participants agreed that the system is indeed useful as it allows them to test the students
using different methods. This is one of the most important questions of the evaluation as it
helps us understand the opinion of real users. Although, the number of the participants is
not as large as we would wish, the unanimous concordance of the educators is a strong
indication of the system’s significance.

& What is the most important feature of the tool?

The next question asked to each educator was to identify the most important feature of
the adaptive testing tool. We provided the users with the following list of choices:

– Different testing strategies
– Ability to create shareable content
– Easy to learn and to use
– Supports different question types
– Attractive interface
– Other (please specify): ………………….

These choices were shown in a different order to each user to avoid order effect bias.
Eight of the eleven (72.72%) educators indicated the ability to customize the assessment
procedure is the most important feature of the tool. The other three, who have used some
automated assessment tools in the past, believed that the ability to share the content is quite
important. The other educators also considered this option as very important although they
focused primarily on the pedagogical aspects of the tool. That is why they consider the
flexibility in applying different strategies as the most important feature of the tool.

& Do you think that the adaptive rule set needs expansion?

As expected all the educators agreed that the adaptive rules need some extensions to
cover other aspects of the learners, such as their cognitive ability, possible disabilities,
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learning style, computer environment, etc. Also they would like the existing rules to be
more flexible. However, they also pointed out that a tool which might be too complex, may
be unusable in the long run as the educators may not be willing to spend too much time in
mastering it. The replies and the comments of the educators to this question will be
addressed in our future research plans.

& Would you use the system in your classes?

We asked the users if they are willing to continue using this tool in their classes.
Although they were some worries about the stability of the system, since it is the result of
ongoing research, all the educators were willing to use the tool in their next courses. The
main reason is that they feel that with such a flexible tool they can diagnose the real
knowledge of their students better, with a shorter set of questions. Further, they mentioned
that they can use the material in other tools so they are very positive about utilizing the tool.

& Do you consider content sharing as an important feature?

The final question posed, concerned the content sharing ability of the tool. We wanted to
discuss the opinions of the educator with respect to this feature of the system. Ten of the eleven
(90.91%) educators considered this as an important feature, while the other one considered it as
a desirable feature. As discussed earlier in the paper, most of the educators consider the
flexibility in the formation of the rules as themost important characteristic of it. Nevertheless, as
the complexity of the educational applications and the penetration of software tools in education
increase, interoperability and shareability will be vital. At least this is the main conclusion from
the literature review and from the discussion with the educators.

5 Discussion and conclusions

This paper presents a highly modularized adaptive testing tool based on distinct e-learning
standards. The system comprises of an authoring subsystem and a run—time subsystem.
With the authoring environment teachers can create both adaptive and non-adaptive tests.
Initially a topic hierarchy can be created and extended conforming to the Topic Maps ISO
standard. This topic hierarchy is used to associate questions with specific concepts and
could be easily expanded to form a graph of concepts since it abides to an XML based
standard.

The next module of iAdaptTest is the learner profile management tool abiding to the
IMS LIP e-learning standard. Teachers can manage the creation and maintenance of user
profiles with the aid of this tool creating either individualized profiles or stereotype users.
The learner profiles maintained in our system consist of a set of attributes which describes
the personal data of learners, their formal education, their working experiences, their goals,
their preferences and their assessment data. The IMS LIP profile management module is
further used to display the accumulated learner knowledge at the end of the tests. Coding
the data in an XML format grants us the freedom to provide alternative representations of
the learner knowledge.

The questions and assessments are authored with the aid of an easy to use graphical tool.
The structure of each assessment is visually presented to the authors and the data are coded
in the latest version of IMS QTI. Each question may contain multimedia features such as
images and video and for each question customization of a number of QTI attributes, such
as the number of attempts, the difficulty level, the minimum and maximum score are
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supported. The authoring tool may also be used as a standalone application to create
interoperable items and assessments.

Another subsystem is used to add adaptive rules to the formulated assessments. These
rules are treated as distinct XML entities and therefore they do not affect the assessment
data. These categories of data are only combined during test execution. The adaptive rules
concern the performance and a number of individual learner characteristics, such as their
goals and their prior knowledge.

The run time environment combines all the data categories and executes the test, and at
the same time updates the user profile. At the end of the assessment learners can privately
access the profiles and view their progress through the IMS LIP learner profile management
tool. At the moment, statistics are textually presented but alternative presentations are
simple to create due to the hypermedia nature of the system.

A prototype of our highly modularized tool has been used by a number of
educators in teaching examples. The participant educators created some summative
and formative assessments and they utilized adaptive rules based on different criteria.
During the evaluation we were able to import a representative sample of the questions
and the created Topic Map in other educational applications. This experiment showed
that having data that abide fully to a distinct e-learning standard stored in different
repositories makes content sharing easier and more efficient. The mixture of various
e-learning standards increases the data sharing ability of the tool, since every data
category could be separately utilized in other tools. The focused interview with the
educators helped us to realize that the data sharing ability and the flexibility in
forming alternative testing paths are the most important features of iAdaptTest. In
addition, the discussion with the participants allowed us to identify the rule extensions
needed and to shape our future research directions.

To sum up, the main contribution of our research is the design and implementation of a
highly modularized system complying to the Topic Maps, the IMS LIP and the IMS QTI
standards. The tool supports efficiently the easy and independent utilization of the e-
learning data and supports the future addition of new modules. The authoring modules of
the system could be used for creating standards-based learning data which could be used to
form adaptive assessments or they could be used in other educational applications. New
releases of the e-learning standards could be easily assimilated as only the respective
module needs to be maintained. The hypermedia nature and the simplicity of the interfaces
helped the educators in easily utilizing the tool. In addition, the fact that each module offers
a distinct set of functionalities reduces the learning effort compared to the overloaded
interfaces of non-modularized tools. In any case more tests are needed in order to fully
appreciate the pedagogical value of the tool and understand its potential shortcomings.
Additional operations which could increase the usability of the system, such as semantic
searching in the repository of the created questions and rules are needed to support more
rapid test creation through the utilization of the existing data.
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