926 Current Developments in Technology-Assisted Education (2006)

Mixing Standards, IRT and Pedagogy for Quality e-Assessment
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This document presents a new authoring tool for e-assessment that lets teachers testing students effi-
ciently. The combination of different research fields regarding assessment, namely learner adaptation,
standards and pedagogy, makes possible a better and complete evaluation adapted to learners’ knowledge
and preferences.
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1. Introduction

E-Assessment is a relatively new concept use to designate the evaluation process done using computer
assistance. The assessment could be carried out within a complete e-learning system or thanks to an
independent tool dedicated to this purpose. In any case, assessment is a very important part in the learn-
ing process that must be understood not as a mere step to go to the next lesson or course, but as a way to
continue learning. In this respect it is more significant for online learning than it is for traditional one [1].

There are multiple factors that affect e-assessment. Mainly, it is important to pay attention to Peda-
gogy and Standards. The first one supplies different psychometric techniques to adapt assessments to
learners’ level knowledge and abilities [2, 3], as well as other pedagogical techniques to achieve quality
assessments [4]. The latest provides rules to design items and tests, and lets teachers exchange them with
other mates, which enrich the assessment process of each teacher.

This paper presents a new tool for creation and delivery of adaptive assessment in any domain. All the
factors commented before have being taken into account to develop an easy-to-use tool that lets teacher
to define items and test as well as import/export them from/to other systems/tools. Then, once the items
and tests are stored, the tool is prepared to deliver different types of assessment.

The next section introduces some pedagogical details that should be applied when building up a com-
plete e-assessment tool, as well as some notions about assessment standards. It also comments some
available tools/systems that work the assessment process, highlighting their strength and weakness. Sec-
tion four explains the necessity of a new assessment tool and enumerates the advantages of the proposed
tool, focusing on Pedagogy and Standards. Finally, section five presents the conclusions.

2. Characteristics of a quality e-assessment tool

This section presents a brief review about the characteristics that, from the point of view of authors, a
quality e-assessment tool must offer. Concretely, this review is done from two points of view: Standards
and Pedagogy. The last one is a very vast area, so the section focus the discussion in three important sub-
areas related to computer testing: adaptation to the learners’ abilities and knowledge, types of items used
in the assessment and the pedagogical domain where the assessment takes part. The next four subsec-
tions explain all these characteristics and the fifth section enumerates some available sys-
tems/applications that work with assessment, emphasizing their pros and cons regarding these character-
istics.
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2.1 Standards

The usefulness of standards has being demonstrated in many areas of our live. But thinking about e-
learning, the utility of standardization is stronger because of the universal and ubiquitous character it has.
In fact, in the last 10 years several associations (AICC, ADL, IMS, etc.) are working at standardization
about everything related to e-learning (LMSs, LOs, Packaging, Tests, and more), and they are making a
lot of improvements [9].

Particularly, in the area of assessment the standard QTI (Question & Test Interoperability) [10] de-
veloped by IMS [11] is widely accepted inside the developers’ community. It is possible to say that IMS
QTl is ‘de facto’ standard for assessment due to the fact that a lot of systems are adopting it [12].

The last version available of this standard (IMS QTI 2.0) enables to implement a wide range of item
types: multiple choice, ordering, association (1:1), union (1:N), fill in blanks, essays, hotspots, object
positioning, painting and more. In addition, QTI use the standard language XML for coding the items
and tests. This fact allows the visualization of items/tests in different devices like desktop/laptop PCs,
PDAs or mobile telephones. That could be very interesting for expanding the functionality of an e-
learning system.

2.2 Learners’ adaptation

From the point of view of adaptation, it is possible to distinguish two types of test. In one hand there are
the classic tests (non-adaptive) [5] that are the oldest and the more basic ones. They consist of various
items that are administered to users independently from their knowledge level or preferences. On the
other hand, there are the adaptive tests, based on the Item Response Theory (IRT) [6]. Adaptive tests are
able to adapt the evaluation to the learners providing tests suitable for their knowledge level. Even, it is
possible to make an accurate assessment with fewer items (so, in less time) than with the classic tests.

Classic tests are divided into predefined and dynamic tests. The first ones are developed prior to start-
ing the learning process, and are the same for every student. Opposite, dynamic tests are not developed
before student starts the learning process, but when is time to take an evaluation, the system randomly
selects some items (from an item bank) related to the concept it wants to evaluate and composes the test.
The probability of generating distinct tests for different learners is directly proportional to the size of the
item bank.

Adaptive tests are not stored in a repository. The test is given item by item, and the answer to the
previous item determines the selection of the next one. The next item is chosen applying the IRT equa-
tions that supply the adaptation to the learner’s knowledge. Although the IRT was described more than
50 years ago, the mixture between computers and IRT was a decisive milestone [3]. This research area is
known as Computer Adaptive Testing (CAT) [7].

The selection of one or another type of test depends on the learning process and the learning envi-
ronment in which the assessment is going to be applied. Adaptive and classic tests can coexist in the
same learning environment. Pedagogues and domain designers must choose which type of test is better
for the learning process and the acquisition of knowledge. So, a complete e-assessment tool should in-
clude all this types of tests in order to cover all the necessities.

2.3 Types of items

Although the well-known multiple choice item is the most used for evaluation, there are other types that
could be applied in e-learning assessment. There is a good compilation in [5].

Most systems provide multiple choice items as unique manner of assessment. This item is complete
for evaluation since it could assess different competences. But this is only possible if the item is well
constructed, which is not easy. Besides, and due to e-assessment can benefit from computers power,
there are many other item types that can enrich an evaluation. Some of them are essays, projects, case
studies and simulations [4], matching, ordering, true/false, localization and short answer [8].
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2.4 Pedagogical Domain

Other aspect to consider in assessment is the pedagogical domain where it is applied. Available e-
learning systems usually represent the domain like nodes (concepts) and links (relations between con-
cepts) [13]. Depending on the structure of the pedagogical domain it is possible to distinguish two types.
Simple pedagogical domains are those that have nodes at one level (simple nodes) with relations between
these nodes. Opposite, there are complex pedagogical domains where nodes are grouped according to
some criterions, obtaining composed nodes. Here, the relations could be between simple nodes, between
composed nodes, from simple nodes to composed nodes or vice versa.

The more complex the pedagogical domain is, the bigger the possibilities of assessment are. A good
e-assessment tool shoul be prepared to define items and tests for both simple pedagogical domains and
complex ones.

2.5 Existing Systems/Applications

Nowadays it is possible to find commercial systems for developing tests as well as system developed by
researchers from different universities. This section enumerates the most important ones explaining their
strength and their weakness.

Regarding to commercial systems the market offers a lot of them for developing tests as Fast TestPro,
MicroCAT, DEMOCAT, METRIX Engine or ADTEST. These systems allow developing various types
of items and also enable adaptation to the learner because of the use of IRT. But their main weakness is
that are proprietary systems and do not use any standard for coding items or tests. This is a big inconven-
ient for integrating them into an e-learning environment. According to the pedagogical domain, all of
them only allow to define items for one concept. There are no possibilities to define items for a relation
between concepts, or complex pedagogical domains.

In the academic area, different universities have developed some interesting systems and tools. <e-
aula> [14] is an e-learning system with a module for assessment. All the items stored in the item bank
are compliant with IMS QTI (Lite version). The item types possible are true/false and multiple choice.
Test Editor [15] is an authoring tool for generating items and tests that store all the items in XML. It
allows storing multiple choice items and can work in an adaptive way (IRT 2 parameters). The KOD
Project [16] presents an architecture for defining re-usable adaptive educational content. Inside this ar-
chitecture, there is a Questions & Tests Toolkit that enables the editor to define items and tests related to
each concept of the ontology. Each item is stored in XML in a database.

All these systems/applications have important highlights. Most of them referring to the use of stan-
dards and adaptation to the knowledge of learners. <e-aula> uses IMS QTI, but work in a non adaptive
way. Test Editor and KOD Project allow adaptation to the student and store items and tests in XML files.
But these files do not follow the rules of IMS QT], the ‘de facto’ standard for assessment. Regarding to
pedagogy, all the systems/applications have a lack of a wide range of item types (allow only one or two
types) and are applied into simple pedagogical domains. Furthermore, no one of the systems/applications
mention any pedagogic rule or technique to develop items and tests. Only the KOD Project mentions
content expert help when developing an item or test, but it is not explained how.

A mixture between commercial and research tools are Moodle [17] and WebCT [18], both widely
implanted in the academic sector. The former is open source software while the latter is proprietary.
Moodle allows the definition of true/false, embedded-answer questions, multiple choice, short answer
and matching item types, and WebCT allows the last three types and also essays. Both systems are non-
adaptive and items/tests are stored in repositories without relation between them and the concepts of the
pedagogical domain.

3. The e-assessment generation/delivery tool. The proposal.
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As shown in previous section, there is a lack of e-assessment systems/tools that combine all the charac-
teristics commented before. The objective is to cover this gap implementing a tool for developing and
delivering e-assessments, using standards and paying special attention to Pedagogy.

Next subsections explain the details of the proposed tool regarding the use of standard and the differ-
ent pedagogical sub-areas broke done in section two: learners’ adaptation, types of items and learning
pedagogical domain.

3.1 Standards

IMS QTI is the “de facto’ standard for assessment in e-learning. Developing items and tests with this
standard makes easy to import/export them from/to other systems and tools QTI compliant.

At present all the items and tests developed with the authoring tool explained in this paper are IMS
QTI compliant (1.2 and 2.0 versions). Teachers do not need to know anything about QTI. The tool auto-
matically stores items/tests according to the standard rules. Now, we are working in developing a soft-
ware application for checking that imported items/tests are QTI compliant.

3.2 Pedagogy

Regarding learners’ adaptation, our aim is to develop a tool for generating adaptive assessment using
IRT with three parameters (difficulty, discrimination and pseudo-guessing), because the use of four pa-
rameters does not cause a big improvement in the adaptation level [19]. The tool also must offer teachers
the possibility to develop classic test (predefined and dynamic). At the moment, we have developed an
interface that let teachers develop adaptive items only filling a simple form.

This tool wants to take advantage of other pedagogical theories and research studies to improve e-
learning assessment. Concretely, the aim is to apply pedagogy for developing an item/test authoring tool
that enables the possibility of creating a lot of types of items, almost the most used [5, 8]. At this moment
it is possible to define multiple choice, multiple response, ordering, association (1:1), union (1:N) and fill
in blanks items.

Furthermore, the tool will include a help guide for teachers. The objective of this guide is help teach-
ers to design good items to achieve the pedagogical objectives fixed. For example, if a teacher wants to
develop a true/false item, the guide can help his/her with some suggestions, tricks and examples about
how to do it. Or if he/she wants to develop an item for testing concrete abilities of the student, the guide
can recommend teacher which item type select and how to develop it.

Also, Pedagogy is needed for the tool to benefit from the structure of the pedagogical domain in
which the assessment takes part. Authors would like to take a step ahead in this area relating items not
only with concepts (which is the typical). Specifically, we are working on relating items with: (1) Links,
that is, if two nodes (concepts) are related, it is probably the teacher wants to design items to know if the
student has learned that connection, not only the two concepts separately; (2) Composed nodes, if we
have a complex pedagogical domain, it could be very interesting to have items for testing simple nodes
that are into a composed node, but also for testing the composed node as a whole; and (3) Bloom’s Tax-
onomy [20], due to students can learn concepts developing different competences (Bloom defines six
levels in the cognitive domain: knowledge, comprehension, application, analysis, synthesis and evalua-
tion), it would be very interesting to define items that work different cognitive levels about the same
concept. In this respect, there is no pedagogical rule/technique inside the authoring tool yet. We are in
contact with pedagogues to collect their knowledge and apply it to resolve all the pedagogical aspects
commented in this paper.

4. Conclusions

As shown in section 2, there is a gap in tools about e-learning assessment, in the sense that they do not
take into account all the factors that affect this area. We have studied commercial tools as well as re-
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search tools developed in different universities, but no one of them mix pedagogical aspects with adap-
tive assessment and the use of e-learning standards.

Our proposal is a new e-learning assessment authoring tool that covers this gap. We are conscious of
the importance of pedagogy in e-learning, as well as adaptive assessment and the use of standards for
exchange reasons. So, we propose an authoring tool that mixes all this factors with the aim of achieving
high quality e-learning assessments.

The authoring tool presented in the previous section, lets teachers working with a generic tool (appli-
cable to any domain) for testing learners. Teachers can easily develop adaptive tests without deep knowl-
edge about pedagogical adaptive theories (IRT), just filling a form. It is possible to create and update
items and tests for fitting them to the necessities of each moment. Also, and due to the fact that the tool is
IMS QTI compliant (version 1.2 and 2.0), teachers can import and export items and tests from/to other
systems and tools that follow the same standard. Teachers can easily modify these items/tests that have
being imported from other systems, adjusting some parameters of them if it was necessary.

The tool is prepared to house multiple item types for a better adaptation to the learner knowledge and
preferences. At the moment it is possible to define multiple choice, multiple response, ordering,
true/false and matching (1:1) items, but we are working on other types as union (1:N), fill in blanks,
essays, hotspots, select point and object positioning. Even, the authoring tool is going to provide a guide
with pedagogical tips and ticks for helping teachers to decide which type of item is better for achieving
some skills and how to develop good assessments.
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