Performance Evaluation MetricsofAdaptive Ed-
ucational Hypermedia System (AEHS)

Dr. yassir, M . Hajha mad zic¥;1y;1iific;r:puter Science and Informati-

University of karary, Sudan.

Dr. Naﬁsa, A., Hassan FaCL!Ity of Computer Science and Infor-
mation Technology

University of West Kordofan, Elnihood,
Sudan.

Abstract:

Education is one of the important processes in our life and hu-
man can’t abandon it. Recently, E-learning and distance learning is
the trend of the educational process. Adaptive learning technique
1s a new field of research in the field of hypermedia and adaptive
systems. Performance Evalution Metrics of Adaptive Education-
al Hypermedia System (AEHS) is a challenging application area
for developing and assess the effect of adapting educational ma-
terials individualized to student’s needs quantitatively,due to the
complexity of these systems (AEHS). Actually,an adaptive system
refers to a system which tailors its output, using implicit interfac-
es based on interaction with the user. In this paper we attempt to
highlightthe importance of the adaptive educational and the eval-
uation metrics that use to measure this kind of adaptive educa-
tional system.Finally, empirical evaluation requirements were also
covered. The finding support the use of descriptive statistics and
inferential statistcs to measure student’s academic achievements
in AEHS.

Keywords: evaluation metrics for (AEHS), Performance, adap-
tive educational hypermedia system (AEHS).
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1. Introduction

A current problem with the research of adaptive systems is
the inconsistency of evaluation applied to the adaptive education-
al hypermedia systems (AEHS). However, evaluating an adaptive
system is a difficult task due to the complexity of such systems.
Evaluators need to ensure correct evaluation methods and mea-
surement metrics are used [1].

Evaluation is defined as the process of examining the product,
system components, or design, to determine its usability, function-
ality and acceptability which is measured in terms of a number of
criteria essential for any softwaredevelopment project. Evaluation
of all systems is important. It is important to not only evaluate but
also to ensure that the evaluation uses the correct method [2].

Adaptive Educational Hypermedia Systems (AEHS) have
been proposed as the underlying facilitator for personalized web-
based learning with the general aim of generating and providing
personalized learning experiences to an individual learner [1,
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2]. According to [4] Adaptive Educational Hypermedia Systems
(AEHS) have been proposed as the underlying facilitator for per-
sonalized web-based learning with the general aim of generating
and providing personalized learning experiences to an individual
learner.

In order to the evaluation of AEHS has long been acknowl-
edged as a difficult, complicated and very demanding endeavour
due to the complex nature of these systems. Therefore, evaluation
is an important tool in software quality assurance.Evaluation of all
systems is important, not only to evaluate but also toensure that the
evaluation uses the correct methods and metrics|3 ].

In this paper, we present our performance evaluation met-
rics for measuring the use of this approaches in AEHS. The main
factor to provide adaptivity in the AEHS is the student model that
represents relevant aspects of the student such as preferences,
knowledge and interests The student model dynamically maintains
information for each user such as his/her knowledge, preferences,
etc. The system collects this student information by observing the
use of the application, by presenting series of questionnaires or
feedback forms [12].

The paper is structured as follows: Section 2 presents the
related works for AEHS; Section3 provide the metrics for eval-
uating the performance in AEHS. Finally, the empirical evalua-
tion requirements were also covered and discuss our findings and
theconclusions that can be offered.

2. Related work

A number of pioneer AEHS were developed between 1990
and 1996,one of the most interesting works in this area is the ELM-
ART tutoring system that supports learning of the programming
language LISP [5].
- INTERBOOK is a system for authoring and delivering
adaptive electronic textbooks on the Web. All INTERBOOK-
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served electronic textbooks have generated table of content, a
glossary and a search interface. The online books in the same way
as ELM-ART use colored bullet annotation to inform the user
about the status of the node behind the link [5].

TANGOW structures Web courses by means of teaching
tasks and rules. It differs from ELM-ART in that uses a dynam-
ic tree to restrict the set of teaching tasks to be reviewed. This is
achieved by including in each dynamic generated page only those
subtasks (fragments), which are considered to be relevant by the
system at run-time. In addition, rules are used to analyze prerequi-
site conditions [5].

KBS Hyperbook is another goal-driven approach that uses a
Bayesian network technique for its user model [5].

SmexWeb is a framework that permits the development of
teaching applications through the instantiation of a collection of
abstract and concrete classes. Similar to TANGOW the authoring
process consists mainly of the definition of concepts (tasks) and
adaptation rules.

All types of adaptation are supported by SmexWeb: adaptive
content, adaptive navigation, adaptive presentation and passive
navigation (Albrecht, Koch & Tiller, 1999).

AHA or Adaptive Hypermedia Applications is a generic hy-
permedia system based on the adaptation of pages using conditional
fragments. The structure of the domain is similar to the SmexWeb
structure. Concepts are related to other concepts through weighted
links [6].

ISIS-Tutor system uses different forms of adaptive naviga-
tion, such as direct guidance, hiding and annotation. The goal is to
highlight the links corresponding to the student’s goal and to hide
concepts that belong to future learning targets [7].

The Dynamic Course Generation (DCGQG) represents a quite
different approach. It consists of a concept domain structure rep-
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resented as a plan, which relates known concepts for the learner
with the goal-concept of the course. The plan is then adapted dy-
namically according to the student’s learning progress. This results
in changes to the subtasks and steps the learner has to follow pro-
posed by Vassileva 1997[5].

These systems provide specific navigation aid, Selection of
content,metadata cognition, provide results of the learning style
tests, change learning explicitly and provide scrutability, reusabili-
ty, provision of relevant learning materials which are personalized
to specific learner, the efficiencyof the AEHS systems which are
user specific, Student motivation, Avoidance of information over-
load, Monitory and temporal and spatial relevance [3].

Evaluation methods of Adaptive Educational Hypermedia
Systems

The evaluation processis an important step to any system;it
should ensure the correct methods were used. The evaluation of
learner and tutor feedback is essential in the production of high
quality personalized Technology Enhanced Learning (TEL) ser-
vices. The evaluation focuses on the technological design and per-
formance of systems without justifying the designs through the
lessons learned from evaluations. To evaluate adaptive hyperme-
dia systems, there are many methods that used in traditional soft-
ware systems such as ISO/IEC 9126 1991.

These measures define many sub factors to be evaluated to
measure the system qualities, such as:

Accessibility: express the facility to reach the nodes.

Adaptability: is the facility of an application to be configu-
rable according to a set of decisions taken by the user, which usu-
ally define her preferences and/or background.

Adaptivity: denotes the capacity of the application to alter the
user model according to the user behaviour during the application
run and adapt dynamically to the current state of the user model.

n 02022 piliy - 1443  pilidl gu) - juise pilill 2ol - d1giw g1y G080 drale dlao




Performance Evaluation MetricsofAdaptive Educational Hypermedia System (AEHS)

Assistance: measures the amount of help in the form of addi-
tional information or link annotations is offered by the application
to the user.

Availability: indicates whether the content is updated, and
whether information obtained e.g. from a database is always ac-
cessible.

Completeness: measures the content for missing information
and the structure for missing and dangling links.

Consistency: measures the regularity of the application, i.e.
similar treatment of similar aspects (at content, navigation and
presentation level) and clear differences for nodes with different
content, for different access structures, for different types of nav-
igation or differences in the layout. This is considered to be the
most important evaluation criteria, although it is difficult to define
what a consistent hypermedia application is.

Functionality: indicates how the application functions satisfy
the users.

1. Implement ability: defines the overhead to providing adap-
tive features.

2. Maintainability: defines the effort needed to make speci-
fied modifications.

3. Performance: expresses the system’s response time to user
interaction as well as the amount of resources used by the
system under stated conditions.

4. Predictability: measures how easily the user can guess the
reaction of the system to her interaction.

5. Portability: indicates the ability of the software to be trans-
ferred from one environment to another.

6. Reliability: measures number of crashes resulting for e.g.
from SQL or JavaScript error messages or too many hits
during peak periods of Web use.
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7. Reuse: defines the percentage of elements that are used for
more than one purpose within the same application or in
different applications. In hypermedia systems reuse means
use of objects in different contexts, use of the same in-
terface objects or navigation elements for different nodes.
Reuse promotes consistency, accessibility and predictabil-
ity.

8. Richness: denotes the amount of information nodes con-
tained in the application.

9. Satisfaction: shows the user’s subjective impression of the
adaptive system.

10.Self-evidence: expresses how well the user can guess the
meaning of the visualised content or the navigation ele-
ments.

11.Usability: measures the effort the user needs to use the
system and individual assessment of such use.

12.User-retention-overtime: indicates how long the user re-
mains using the application. Studies to measure one or
more of these criteria usually compare user’s handle an
adaptive system and its non-adaptive variant [5].

13.Other criteria are specific to hypermedia systems, such as
the criteria related to nodes and links or specific to adap-
tive systems it can also apply to adaptive tutoring systems
(AEHS) which is a wide area of AHS such as Adaptivity,
adaptability and Consistency, consistence improves qual-
ity in the same way as consistency is responsible for the
success of a teaching book.

14.Generally, evaluation of anadaptiveweb systemcan be
divided into three types of evaluation; the first one is a
Formal evaluation, which looks at predication of perfor-
mance, complexity, leanability and task analysis, GOMS.
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The second one is analytical means that without the us-
ers, heuristic evaluation, cognitive walk-through. And
the last one is Empirical. It is assessed by observing in
experiments, rather thanappraisingthe theoretical validi-
ty. Whenever Adaptive systems created for practical use,
hence empirical methods should be used for their evalu-
ation. The benefits of Empirical Evaluation; it is best for
objective assessment of design and best for the broadest
range of usability problems. The following subsection
present the most common approach developed to achieve
the previous functionalities.

3. Empirical evaluation approach

Weibelzahl[11], acknowledges that empirical research is ab-
solutely necessary for anestimation of the effectiveness, efficien-
cy, and usability of a system that applies artificialintelligent tech-
niques in real-world scenarios. Empirical evaluations (also known
ascontrolled experiments) refer to the appraisal of a theory by ob-
servation in experiments.These evaluations help to estimate the
effectiveness, efficiency and usability of a systemand may uncover
certain types of errors in the system that would remain otherwi-
seundiscovered. The researchers acknowledge that the key to good
empirical evaluation isthe proper design and execution of the ex-
periments so that the particular factors to betested can be easily
separated from other confounding factors. This method of evalu-
ationis derived from empirical science and cognitive and experi-
mental psychology. Empirical studies are very good at identifying
design errors and false assumptionsbut they do not suggest new
theories or approaches directly. Evaluators are faced with theprob-
lem of defining control groups for those systems that either cannot
switch off theadaptivity, or where a non-adaptive version appears
to be absurd because adaptivity is aninherent feature of these sys-
tems[1].
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4. Empirical evaluation requirements

Careful planning, Careful execution, Users must represent
actual user population and Must have expense account — pay us-
ers. And the Empirical Methods are; focus group, interviews, ques-
tionnaires, Systematic Observation, expert review, prototyping,
cooperative evaluation, participative evaluation, contextual inqui-
ry, usability testingand controlled experiments.

The evaluation is focused on System interface, time, etc, is con-
trolled —factor, independent variable or in User satisfaction — mea-
sured, observable, dependant variable. These variables are related
to user and system, on user-related which describe user character-
istics like demographics (gender, age, SES, etc.), observed per-
formance (success rate, number of pages viewed, etc.), typically
collected using questionnaires. Also on system-related which de-
scribe the system’s operation as in the average response time, no.
concurrent queries, perceived response delay (etc.) and typically
collected using system logs [8].

In order to provide the best support for learners, a user-centered
evaluation approach for enhancing and validating the student mod-
el of AEHS has been proposed, that combines AH and information
retrieval techniques.

User-Centered Evaluation (UCE) can serve three goals: ver-
ifying the quality of an AEHS, detecting problems in the system
functionality or interface, and supporting adaptivity decisions.
These functions make UCE a valuable tool for developers of all
kinds of systems, because they can justify their efforts, improve
upon a system or help developers to decide which version of a
system to release.

The benefits of the user-centered approach is savings in terms of
time and cost, ensuring the completeness of system functionality,
minimizing required repair efforts, and improving user satisfac-
tion. This may lead to higher adoption of the AEHS, ease of use
and a more enjoyable student experience. Student model perfor-
mance is usually measured in terms of actual and expected accu-
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racies, where actual accuracy is a model’s probability of a correct
response averaged across all users. For example, Corbett and An-
derson in 2008 used correlation, mean error and mean absolute
error to quantify model validity [3].

5. Pitfalls and problems in evaluation of AEHS

The evaluation of an adaptive system is a difficult task due to
the complexity of such systems, as shown by many studies. It is
of crucial importance that the adaptive features of the system can
be easily distinguished from the general usability of the designed
tool. Issues arise in the selection of applicable criteria for the eval-
uation of adaptivity. The evaluation of adaptive educational hyper-
media systems is not easy, and several researchers have pointed
out potential pitfalls and challenges when evaluating adaptive sys-
tems[1]. These Pitfalls and problems identified in the the follow-
ing table.
Table 1 show the pitfalls and problems identified in evaluation of
AEHS [1]

Pitfalls in evaluation of adaptive systems

Statistically insignificant | Adaptivity is typically used when
results individual users differ. However, dif-
ferences in approach and preferenc-
es are likely to lead to a large vari-
ance inperformance results, which
makes it more difficult to produce
statistically comparableresults. In
order to produce significant results,
large volumes of queries and users
arerequired. There are few general
guidelines for the selection of these
.measurements
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Difficulty in defining the | It can be difficult to define whatcon-
effectiveness of adaptation | stitutes a useful or helpful adapta-
.tion

Insufficient resources To fully evaluate an adaptive system
it is often necessary to have a large
number of individuals interacting
with the system. This is in part due
to the expected variance between
.participants mentioned above
Too much emphasis on |Evaluations oftenmeasure only how
summative rather than for- | good or bad a system is rather than
mative evaluation providing information on where
theproblems are and how a system
.can be improved

Conclusion

The evaluation of learner and tutor feedback is essential in
the production of high quality personalized Technology-Enhanced
Learning (TEL) services. The evaluation focuses on the techno-
logical design and performance of systems without justifying the
designs through the lessons learned from evaluations. Therefore,
in this paper, we focus on a set of performance evaluation metrics
that have been proposed in the literature. Throughout the paper
we found that there are several evaluation metrics to validate or
measure the educational system. The empirical evaluation require-
ments were discussed as well,such as; careful planning, careful
execution, ..., etc. The results of applingempirical evaluation ap-
proach will be reported later in a separate paper to assess the im-
pact of incorporating four user’s characteristics within AEHS on
learning outcomes.
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