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Abstract. The paper considers usability evaluation methods developed for adaptive
educational systems. Furthermore, the application of pedagogy and instructional
design is discussed in relation to the evaluation process of adaptive systems. By
combining the strengths of existing usability evaluation methods and considering a
criteria for instructional design, two adaptive systems, MOT and ELM-ART, are
evaluated. In the evaluation we combine pedagogical and heuristic evaluation.
Conclusions are made in order to support pedagogical decision-making between
adaptive systems.
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1 Introduction

Interest towards adaptive systems is increasing. Instead of ‘one-size-fits all’ systems (Brusilovsky,
2001) more personalized systems are receiving considerable attention. However, the evaluation of
adaptive systems is challenging due to non-standardized methods and an increasing multi
professional approach to delivering instruction. There is also concern that focusing on producing
and administering systems in terms of usability may stop short of considering the instructional
process and pedagogy in evaluation.

There is a need to look at systems, which are “context- aware” (Abowd et al., 2002) and account
for pedagogy (Kinshuk et al., 2000; Dagger et al., 2004). This is not a new problem and indeed not
limited to evaluation of systems in terms of usability. The “no significant difference” phenomenon
(Phipps & Merisotis, 1999; Joy & Garcia, 2000; Lockee, Moore & Burton, 2001), for example has

been the drive behind extending evaluation approaches in the field of instructional design1 to
include not only how a system works but also the pedagogy involved. As Kinshuk et al. (2000)
point out “Initially, the system should be evaluated for its overall effectiveness and usability.”

Evaluation is a two-phase process, which can be seen as formative i.e. at the time of
development and summative i.e. after implementation (Scriven, 1967). Usability evaluation is
more commonly carried out in the formative phase while the educational initiative is forming in
order to improve the system, while evaluating pedagogic effectiveness is common in both
formative and summative phases (evaluating the impact of the educational initiative). The scope of
this paper is how to incorporate an evaluation of pedagogy into the formative usability evaluation.

The paper first looks at common methods for evaluating adaptive systems. The pedagogical
dimension in relation to implementing learning within an adaptive learning environment is then
examined and an evaluation heuristics chosen for its consistency with an instructional design
approach.

! Instructional design has a long history and can be described as the systematic process of translating general
principles of learning and instruction into plans for instructional materials and learning. As a discipline it is
based on two foundations. Firstly a systems design model for managing the instructional development
process and secondly pedagogic models that specify how instruction can effectively promote learning
(Reigeluth, 1983, 1987).



The paper goes on to look at the application of the evaluation framework of two adaptive
systems: MOT and ELM-ART. The former enables the user to create concept maps and use them
for goal map creation that is finally structured into study lessons. The latter is an intelligent system
that provides the framework for interactive learning of LISP using a web interface. The adaptive
systems and their evaluations are then described and finally conclusions and possible future
directions are presented.

2 Evaluation of Adaptive Systems

Several evaluation approaches designed for adaptive systems have been proposed and the benefits
of the layered evaluation described (Brusilovsky et al. 2001; Weibelzahl, Lippitsch, & Weber,
2002; Chin, 2001). The most common approach is the heuristic evaluation, which has a wide
application in usability studies not only in industry but also in education (Baker et al., 2001).
However despite the benefits of heuristics, (the short training period needed to apply this approach
and its ability to evaluate the whole system) this approach has been criticised for its focus on
learner behaviour rather than the elements of adaptivity (H60k, 2000). A response to this is the
layered approach to the evaluation of adaptive learning systems, which accounts for adaptivity
components (Brusilovsky et al. 2001).

While Chin (2001) looks to overall performance in the layered evaluation, the main advantage is
the ability to break the utility into several functions. Brusilovsky et al. (2001) define the success of
the adaptive system based on the evaluation of two layers: user-computer interaction and
adaptation decision-making. The idea is to evaluate the system with and without adaptive
components. In the assessment of the first layer, conclusions for adaptation are based on the
validity of adaptive components and the possibility for further adaptivity.

The evaluation of adaptive learning systems using this approach therefore looks to the validity
and meaningfulness of adaptive decisions made by the system. But there still remains a gap in
evaluation methods, which fail to take into consideration the multiple dimensions of evaluating
adaptive learning systems which are more learner centred rather than function centred.

Magoulas et al. (2003) propose addressing this shortcoming by combining heuristic evaluation
(Nielsen,1994a and 1994b) to a multi layered evaluation. In doing this heuristics are extended to
cover a six layer evaluation model proposed by Weibelzahl and Lauer (2001). The layers of the
latter consist of (1) correctness of input data acquisition, (2) correctness of inference, (3)
appropriateness of adaptation decisions, (4) change of system behaviour when the system adapts,
(5) changes in user behaviour when system adapts, and (6) change and quality of total interaction.
Based on the previous layers Magoulas et al. (2003) extend this model by the addition of
pedagogical heuristics. This extended model defines detailed criteria tables in order to evaluate
adaptive educational systems, which reflect a pedagogical utility in adaptive learning
environments. The following list contains the main items of ‘pedagogical heuristics’ by Magoulas
et al. (2003).

1. Visibility of the Adaptive Learning 6. Error prevention
Environment 7. Recognition rather than recall
2. Match between Adaptive Learning 8. Flexibility and efficiency of use
Environment and the real world 9. Aesthetic and minimalist design
3. Various levels of learner control 10. Searchable help functions and
4. Consistency and standards documentation

5. Help users recognize, diagnose and
recover from errors

There is much to be said for the strengths of the layered and the heuristic approach to evaluation
of adaptive learning. However, despite considering Magoulas et al.’s (2003) layered evaluation as
a feasible method, evaluation of adaptive systems still remains challenging and non-
straightforward. Cristea (2004) discusses adaptivity and adaptive (educational) hypermedia and
questions the viability of evaluation solutions where the dimensions to be considered are multiple.
Moreover, as Cristea (2004) points out, the increasing use of different roles in adaptive



hypermedia also indicates a need to look at each role separately. This would support the layered
approach. Herder (2003) puts forward a utility-based evaluation method for adaptive systems,
which considers the limitations of a layered model. Herder (2003) proposes that the learner should
be central to the evaluation, interaction being an important factor. He further stresses the need to
take the cognitive, affective, conative, and demographic qualities of the learner into account. His
rational is that such a utility-based model then measures the overall satisfaction of learner
interaction as well as adaptive decisions made by system. Taking this further, Dagger et al. (2004)
emphasize the importance of considering a pedagogical approach, which goes beyond heuristics
and supports the instructional strategies of learning environments. The question remains how to
evaluate adaptive learning environments acknowledging the obvious strengths of usability and
pedagogical heuristics as with Magoulas et al.’s (2003) approach and at the same time considering
the advantage of evaluating instructional strategies.

3 Adaptivity and Pedagogy

Evaluation of instructional design is based on a selection of instructional strategies in relation to
the proposed educational environment (Reigeluth, 1983). Gagné (1985) outlines an instructional
process of learning with the following nine items.

(1) Gain attention: in order to focus your learners on the task at hand, instruction should seek to
gain interest and gain attention. (2) Inform learners of objectives: after gaining learners' attention,
establish the purpose of the instruction, this helps to facilitate learning and directs the learners. (3)
Stimulate recall of prior learning: in order to make instruction relevant and meaningful, topics
should be linked to prior knowledge. This maintains and stimulates interest. (4) Present the
content: by using a variety of media, including text, graphics, audio narration, and video content
which is well organized. Provide intuitive navigation and a user-friendly interface. (5) Provide
learner guidance: provide learner guidance, advise learners of resources available and guide them
through the use of some effective learning strategies e.g. matching to knowledge level, navigation.
(6) Elicit learning/practice: provide learners with the opportunities to practice what they have
learnt and feedback on their understanding. (7) Provide feedback: provide useful and immediate
feedback if a learner makes an error, and provide guidance to further learning following errors. (8)
Assess learning: summative assessment occurs at the end of an instructional unit but may be
formative. Make sure that there is feedback and further guidance. (9) Enhance retention and
transfer: by using metaphors and analogies, adaptive and connect new information to existing
knowledge, future knowledge, career, work, or life experiences.

4 Evaluations of Adaptive Educational Systems

Based on the review of evaluations of adaptive systems we found considerable challenges in terms
of choosing an appropriate evaluation model. Many of the proposed methods describe their
functionalities in a high abstraction level that require expanding actions in order to apply them to
the evaluation of real applications. Consequently, it is necessary to ask what is the abstraction level
required for conducting evaluations without losing generalization of methods.

In order to address both the issue of functionality and pedagogical issues of instructional design
we selected the layered evaluation method proposed by Magoulas et al. (2003) and the pedagogic
strategies according to Gagnés (1985) instructional events. The evaluation heuristics described by
Magoulas et al. (2003) was further chosen for its consistency with Gagnés (1985) instructional
design approach. We scored each evaluation criteria with the scale from 0 to 3 and allocated
following descriptors to each score: 3 = requirements met or possible; 2 = minor repairs suggested;
1 = repairs suggested; and 0 = extensive repairs suggested. In order to put this into practice we
carried out evaluations of two adaptive educational systems MOT and ELM-ART based on the
selected method.



4.1 MOT

MOT is an editing tool creating adaptive hypermedia for educational purposes. Although MOT
can be applied to other domains in this paper we describe and evaluate the system from the
perspective of the development of educational content. MOT enables learning material creation
without technical HTML skills thus it is targeted in particular for teachers who might lack such
skills. MOT enables the user to create concept maps, which are used to create goal maps, and
finally structured into adaptive lessons. The MOT system is based on the LAOS model, a five-
layer model for adaptive hypermedia authoring (Christea and Mooij, 2003a). Although the
evaluation of adaptive systems is challenging MOT has been evaluated based on its planned goals
and their fulfilment in the actual system (Cristea & Mooij, 2003b). One of the strengths of the
MOT system is to enable a pedagogical labelling and weighting of concepts (Christea et al, 2005).
MOT presents authors with a high degree of freedom to make choices according to their own
pedagogical approach. In this way MOT attempts to solve the problem of satisfying multiple
teaching styles and ultimately multiple learning styles.

4.2 ELM-ART

ELM-ART (ELM Adaptive Remote Tutor) is an adaptive WWW learning system, which
implements different types of adaptivity and adaptability. A multi-layered model permits an
advanced link annotation and sequencing of content. Its strength lies in an episodic learner model,
which allows the system to identify and analyse learner problems with subsequent individualized
solutions (procedural knowledge). Furthermore ELM-ART uses domain knowledge to adapt to the
learner’s knowledge state.

ELM-ART provides the framework for interactive learning of LISP using a web interface. The
course starts by assessing the students’ experience of using the Internet, programming and use of
computers. In this way the preliminary lesson is adapted to the learner’s knowledge base and
subsequent lessons are introduced according to an inferred knowledge state. The main advantages
of the learning system are the adaptivity to the learner’s knowledge state as well as feedback on
completed items and visited pages via its advanced annotation of links.

4.3 Evaluating MOT and ELM-ART as adaptive systems

The authors felt the choice of systems appropriate to evaluate the heuristic elements and pedagogic
elements of adaptive systems. MOT being a tool for creating an adaptive system, which presents
the possibility of a pedagogical approach according to the chosen criteria and ELM-ART being an
adaptive system that has already been defined in pedagogic terms. In this way, we are able to
consider evaluation as a formative process i.e. at the time of development rather than as summative
after implementation (Scriven, 1967). Draper, Brown, Henderson & McAteer, (1996) for example
argue for an ‘integrative’ evaluation of teaching strategies which address student learning and the
ultimate pedagogic goals of the educational intervention. Therefore, this evaluation approach not
only considers the importance of a formative evaluation of the utility and pedagogy of a system
such as ELM-ART, which may be further developed, but also the potential for pedagogical goals
of a system such as MOT in the development of educational content.

4.4 Results



The results of the evaluation based on Gagné s (1985) instructional events

described heuristic evaluation from Magoulas et al. (2003) are shown below.

Table 1: Pedagogic evaluation according to Gagnés instructional events

and the previously

Instructional events Criterion

MOT

ELM-ART

Gain attention

Inform learners

objectives

of

Gain interest and gain attention.

Establish the purpose of the
instruction, facilitate learning and
direct the learners.

Simple UI and
instructions (2)
Objectives
described.
However,
descriptions
from research
perspective
does
necessarily
benefit the user
of system (2)

the

not

Good introduction
and overview (3)
Objectives  clearly
explained (3)

Stimulate recall of
prior learning

Link topics to prior knowledge.

No recall
present (2)

Recall present (3)

Use a variety of media, including

Media mix not

Media mix not used,

Present the content  text, graphics, audio narration, and used, navigation navigation intuitive
video content which is well not always and user friendly (2)
organized. Provide intuitive straightforward
navigation and a user-friendly (1)
interface.

Provide learner guidance, advise User manual of Guidance  present

Provide learner learners of resources available and the system with learning

guidance guide them through the use of some guides the strategies(3)
effective learning strategies e.g. usage (3)
matching to knowledge level,
navigation.

Elicit Provide learners with  the Practicing Opportunities to

learning/practice opportunities to practice what they enabled, no practice present (3)
have learnt and feedback on their feedback on
understanding understanding

2

Provide feedback Provide wuseful and immediate Error handling Useful and

feedback if a learner makes an error, awkward in immediate feedback

and provide guidance to further

some situations

present, guidance for

learning following errors. €)) further learning
absent
2
Assess learning Summative assessment and Not present (0) Summative and
formative with feedback and further formative with
guidance. feedback present. (3)
Enhance  retention Using metaphors and analogies, Not present (0) Not present (0)
and transfer adaptive  and  connect  new
information to existing knowledge,
future knowledge.
SCORING 13/27 22/27




Tables 2-7 below show the evaluation results of MOT and ELM-ART based on a method proposed
by Magoulas et al. (2003). Table columns show the heuristic evaluation criteria, and observations
based on the functionality of MOT and ELM-ART.

Table 2. Criteria for layer 1: Correctness of input data acquisition

Heuristic Criterion MOT ELM-ART
Hé6: Error Data inputs are case- Non case-blind inputs exist. No data input
Prevention blind whenever Not causing errors. (3) possibility(1)
possible.
When learners Navigation and redirecting Navigation and redirecting
navigate between require repairs.(0) require repairs.(0)
multiple  windows,
their answers are not
lost.
Buttons that can cause Use of confirmation boxes Error prevention required.
serious consequences instead of decentralization
are located far away of buttons. Equalization of (2)
from low- logging buttons required.
consequence and (2)
high-use keys.
The de-activation of Continuous adaptation. (3)  Continuous adaptation. No
the adaptivity always de-activation  possibility
requires users’ 2)
confirmations.
The change of Stable learning model for a No possibility for change
learning model student. Teacher responsible of learning model. (2)
always requires for changes. (3)
learner confirmation.
The input fields to No learner  preference No user preference
identify the learner identification. (3) identification. (3)
preferences are not set
to default values.
H7: Required data entry Teacher entries clearly User entries clearly
Recognition fields are clearly marked. No data entries for marked. (3)
rather than marked students. (3)
Recall
SCORING 17/27 13/27
Table 3. Criteria for layer 2: Correctness of inference
Heuristic Criterion MOT ELM-ART
H3: Various The same content is presented in Student view similar to User view can be
Levels of various formats according to the all. Multiple content personalized. (3)

Learner Control learning profile.

Multiple levels of explanation
are applied to help students find
the correct answers.

creation (for the same
topic) possible for a
teacher (1)

Student view similar to
all. (1)

System gives feedback
in response to given
solution (3)



The system provides both basic
and advanced subject content.

Creation of basic and
advanced content
possible for a teacher.

3)

Advanced  searching
(Boolean) possible (3)

Hé: Error Users are prompted to confirm Alert and confirmation Alert and confirmation
Prevention actions that have drastic and windows used. (3) windows not noted. (3)
destructive consequences.
When learners are taking Authoring tool. Student Students can retake
assessments, they can change view similar to all. (3) assessments. (3)
their previous answers.
SCORING 11/15 15/15
Table 4. Criteria for layer 3: Appropriateness of adaptation decisions
Heuristic Criterion MOT ELM-ART
H2: Match The relevant concepts are organized Teacher responsible Concepts are
between in an understandable way. for organizing. (2) organized. (3)
systems and Users can easily identify the logical Teacher responsible Logical order of the
the Real World order of the relevant concepts. for organizing. (2) relevant  concepts
realized. (3)
The arrangement of the menu items Teacher responsible User menu matches
matches with learner’s profile. for arrangement. (2)  with learner’s profile
3)
The concepts are explained in a way Teacher responsible User menu matches
that matches with learner’s profile. for organizing. (2) with learner’s profile
3)
The explanation of the assessment Authoring tool, no Feedback given
result is meaningful to the learner. assessment in which fulfils this
system.(3) criteria (3)
H4: The layout is consistent for different Limited learning User model
Consistency learning models. model support or supported with
and Standard instructions. (0) instructions. (3)
Online instructions are displayed in a Teacher manual Criteria fulfilled
consistent location across different available.  Limited (3)
learning models. support for learning
models. (0)
There are not too many types of icons No. icon types Ciriteria fulfilled
to identify the difficulty levels of the minimal. (3) 3)
content.
SCORING 14/24 24/24
Table 5. Criteria for layer 4: Change of system behaviour when the system adapts
Heuristic Criterion MOT ELM-ART
HI1: Visibility There is visual feedback to inform Authoring tool. Visual feedback is
of Learning learners about their current progress.  Limited support for present.
Environments progress  feedback. (3)
)
After a task is completed, learners are Sequential Sequential

informed about the next step.

The system can let learners easily
identify content that is not suitable for
his/her current status.

Adaptation always suggests a route
through the program.

progression, no next
step information. (2)

Teacher responsible

for content. Learner
cannot influence
this. (1)

Sequential

progression. (3)

progression, no next
step information.

()

Identification
possible (3)

Suggested
progression (3)



HS: It is easy to select relevant information No shortcuts Direct selection of
Flexibility directly. (hyperlinks) in text. relevant information
and 1) 3)

Efficiency of Students are allowed not to read the Allowed to read. (3) Not allowed to read

Use
SCORING

subject from beginning to end.

12/18

3)
17/18

Table 6. Criteria for layer 5: Change of system behaviour when the system adapts

Heuristic Criterion MOT ELM-ART
H5: Help Error messages inform learners of Adequate messages Adequate messages
users errors severity. to  teachers, no to user (3)
Recognise, messages to
Diagnose, students. (3)
and Recover Error messages let learners understand No  messages to Messages not always
from Errors  the cause of the problem. students. (3) conclusive (2)
When learner chooses a wrong De-select for teacher De-select  possible
concept, the system allows them to de- allowed. No concept (3)
select it. selection control for
students. (3)
When learner chooses an unsuitable Limited learning Limited model
learning model, the system allows model support. (1) support. (1)
them to go back
H3: Various The system allows learners to No possibility. (3) No possibility. (3)
Levels of select/deselect the adaptivity.
Learner The system allows learners to choose Limited learning Limited model
Control their own learning model. model support. (1) support. (1)
SCORING 14/18 13/18
Table 7. Criteria for layer 6: Change and quality of total interaction
Heuristic Criterion MOT ELM-ART
HO9: Aesthetic Menu items are brief, yet long enough Menu items brief but Menu items brief
and to describe the subject content. long enough. (3) and long enough. (3)
Minimalist The title of each page is short, simple, Criteria met. (3) Criteria met. (3)
Design and distinctive
The colour scheme matches with the No colour Colour adaptation.
preference of each individual student.  adaptation. (2) 3)
H10:  Help There is an alphabetical index to Alphabetical No Alphabetical
Functions and search information within the help glossary available. glossary available.
Documentatio system. 3) 3)
ns Learners are allowed to switch Glossary opens to Criteriamet (3)
between the help system and their same window. (2)
tasks.
SCORING 13/15 15/15

Table 8 summarizes both the pedagogical evaluation and heuristics evaluation as well as shows
total evaluation scores for both the systems.

Table 8. Summary of the evaluation.

Evaluation method MOT ELM-ART

Pedagogic 13/27 (48 %) 22/27 (81%)
Heuristics 81/111 (73 %) 102/111 (92 %)
Total 94/138 (68 %) 124/138 (89%)




4.5 Discussion

Based on Gagnés instructional events (1985) and the heuristic criteria from Magoulas et al. (2003)
the individual scoring criteria demonstrates a tendency for each system to be preferable in terms of
its use and pedagogical application according to individual criteria applied. Using the criteria for
Gagnés instructional events all criteria are well served in ELM-ART with a weakness identified in
feedback as well as enhanced retention and transfer mechanisms.

The pedagogical evaluation of MOT in comparison demonstrated that it gives limited
pedagogical support for the teacher in developing a course which meets the majority of Gagnés
instructional events criteria. However, as Okamoto, Cristea & Kayama (2001) point out, systems
should consider the potential of collaboration and feedback from tutors and peers as well as
feedback through adaptivity. Therefore functions of feedback in particular might be better served
through the collaborative environment than a standard response derived from a system.

Turning to the heuristic evaluation, high scores were found in the majority of the criteria,
weaknesses lying in MOT in the areas of different presentations, multiple levels of explanation,
inconsistency in the display of online instructions (H3), content identification by learners versus
knowledge level and learner navigation relating to content level (H6). ELM-ART on the other
hand was relatively consistent in all areas and demonstrated weaknesses, in contrast to MOT, only
in prevention of errors on data input (H6). Otherwise ELM-ART presented a similarity with the
MOT system in limited learning model support (H3).

The individual weaknesses of MOT, however, are not directly comparable to those of ELM-
ART. The strengths of the MOT system lie in the opportunity to apply the criteria identified rather
than a finished product as with ELM-ART. Therefore the evaluation is an indication only of the
direction for pedagogical and usability issues when making a decision between systems. For
example, an extremely high global score as with the ELM-ART system indicates that the system
has taken essential educational or usability issues into consideration and an extremely low global
score would indicate that certain educational or usability criteria are absent. On balance the MOT
system demonstrated an overall lower global score than ELM-ART, which may be of
consideration for development of the adaptive content and its application.

One of the major limitations of this evaluation is the use of a relative scoring system rather than
an absolute score for the systems. There is no absolute score for either system and the evaluation is
based on subjective results rather than an empirical measurement. This subjectivity may be a
weakness in that the evaluation judgments are open to debate. For example, the heuristic
evaluation of "Stimulate recall of prior learning" of ELM-ART could have resulted in a high score
if the episodic learner model had been given more weight. The episodic learner model of ELM-
ART enables the system to refer back to actual code examples that learners have previously seen
and may be considered a route to stimulate prior learning. Further examples of interpretative
judgment could be described to illustrate this point.

One of the major concerns of creating educational content is the individual usability and
pedagogical possibilities of developed and to be developed adaptivity projects and their
subsequent impact on student learning. Okamoto et al. (2001) have stressed the need to “balance
the usage of new technologies in view of the learning goals” and further highlight the problems of
evaluation and comparison of educational systems. Following on from this it could be said that as
a holistic decision making process the evaluation approach described above, although less than
accurate, could be used as a basis for further investigation on implementation of created content
for educational use. In this respect while the relative scales demonstrated in this paper are
presented as suitable for a global evaluation of “possible” pedagogical and heuristic qualities,
critical to both systems would be their application in practice and subsequent evaluation of the
identified criteria.

5 Conclusions

Evaluation of the pedagogical soundness of adaptive systems is challenging. In this paper we
reviewed existing evaluation methods, discussed pedagogical viewpoints, proposed a scoring



based evaluation method that combines pedagogy and heuristics, and evaluated two systems with
the combined method.

We recognized that the identified pedagogical possibilities and heuristics are applicable only in
this formative phase and address the usability of the systems only as a snap shot scenario.
However evaluation, both formative i.e. at the time of development as well as in the summative
phase i.e. after implementation (Scriven, 1967) are important for adaptive systems as is the value
of pedagogy and heuristics in both phases. It would be valuable to extend the evaluation to real life
contexts and to consider the impact and outcomes of learners using the systems. In particular, this
means applying evaluation criteria to a “gold standard” case to test for its utility on
implementation and impact on learning.

Our future aim is to extend lessons learnt from current methods for a summative evaluation
method, which considers the strengths of the evaluation criteria. That is, the inclusion of pedagogy
as well as heuristics. In order to achieve this we need to further develop and apply both the
heuristic and pedagogic criteria in the evaluation of learner/user outcomes and impact.
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