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Abstract—The evaluation of interactive adaptive systems is
the source of many difficulties for novice evaluators as well as for
expert ones. Issues arise in the need to identify the appropriate
evaluation methods to be used for a given evaluation context.
This paper proposes an approach for the choice of evaluation
methods for interactive adaptive systems with regard to their
suitability depending on specific evaluation contexts. A multi-
criteria decision making approach, namely the Analytic
Hierarchy Process, is proposed for the selection methodology.
The approach is based on a pair-wise comparison of a number of
criteria that affect the choice of the appropriate evaluation
methods. Four user-centred evaluation methods in conjunction
with the layered evaluation for interactive adaptive systems are
presented in the cases studies. These methods are: user-as-
wizard, heuristic evaluation, focus group, and user test. The
proposed approach is flexible in the sense that it can be used in
the case of different evaluation methods. The results depend on
the evaluation context where the methods will be used. Hence, we
illustrate the proposed approach in the case of two evaluation
contexts.

Keywords—interactive adaptive system; evaluation method;
analytical hierarchy process; user-centred evaluation; layered
evaluation

I. INTRODUCTION

The use of Interactive Adaptive Systems (IAS) has become
increasingly important in recent years, with the growing
application of these systems in many areas like education,
museum, transport, e-commerce, etc. [1,2,3,4]. However, in
practice, there are still many shortcomings and open questions
about adaptive systems. Comprehensive and rigorous
evaluation of interactive adaptive systems is important. It is
essential not only to evaluate but also to ensure that the
evaluation uses the suitable methods since an incorrect method
can lead to wrong conclusions [5].
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The evaluation of interactive adaptive systems is
challenging due to the nature of adaptivity and the implications
that adaptive systems have on interaction [6,7]. A variety of
methods and approaches can be applied in order to evaluate
these systems [8,9,10,11,12]. The problem of choice
concerning evaluation methods is a source of many difficulties
for the novice evaluators, and even for the expert ones. In fact,
the diversity of evaluation methods involves a difficulty in the
choice of the most appropriate ones for the evaluation of IAS
depending on specific evaluation constraints. This raises the
question, “Which evaluation method(s) is (are) the suitable for
interactive adaptive systems in specific evaluation constraints
and interaction contexts?” In order to address these issues, we
propose in this paper a decision support approach for the
choice of evaluation methods based on the Analytical
Hierarchy Process (AHP). This multi-criteria decision making
method has been applied to solve unstructured problems in a
variety of decision-making situations, ranging from the simple
personal decisions to the complex capital intensive decisions
(For details see [13]).

Obviously, the task to decide whether to choose as
appropriate evaluation methods for interactive adaptive
systems in given evaluation contexts is not trivial [14]. The
decision depends on multiple factors that are specific to the
evaluation context. This paper aims to define the decision
criteria that could be used to make a decision in the choice of
suitable IAS evaluation methods depending on specific
contexts. It illustrates also how the multi-criteria decision
making approach AHP can be used to assist the decision-
making process and then to guide the IAS evaluators.

One of the peculiarities that differentiate the evaluation of
adaptive systems from that of the non-adaptive ones is the
layered evaluation approach. The main idea behind this
approach is to divide the adaptation into different layers, and
evaluating them separately [15,16]. The different layers reflect
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the various stages of the adaptation. Many authors recommend
combining the layered evaluation and the User-Centred
Evaluation (UCE) methods to get better evaluation results
[17,18]. UCE methods have several advantages over other
methods, for example: (1) they take the users explicitly into
account, (2) they contribute to the quality of the adaptive
systems, and (3) they allow detecting problems in the system
functionalities [8,10]. Since we believe that the combination
between UCE methods and the layered evaluation can become
a key factor for a successful evaluation of interactive adaptive
systems, in this paper, the focus will be on user-centred
evaluation methods, and on relating these to the layered
evaluation of IAS. In other words, the user-centred evaluation
methods will be listed according to the different adaptation
layers in which they can occur. For a feasibility study, only
four evaluation methods will be considered (user-as-wizard
[19], heuristic evaluation [20,21], focus group [22,23], and user
test [24]). The proposed approach is flexible in the sense that it
can be used in the case of other evaluation methods.

The remainder of this paper is organized as follows. We
start with a review of the evaluation methods used for
interactive adaptive systems; focusing on layered evaluation
method and the four considered user-centred evaluation
methods (user-as-wizard, heuristic evaluation, focus group, and
user test) (Section 2).Then, we provide an overview of existing
decision support systems in the field of the evaluation of
regular (non-adaptive) systems (Section 3). Next, we provide a
description of the proposed approach to support the decision
making on evaluation methods selection, including the goal,
the decision criteria and sub-criteria, the alternatives, and the
AHP decision aid method (Section 4). Then, we present the
decision support approach for the choice of appropriate
evaluation methods based on the AHP method (Section 5).
Following that, we illustrate two evaluation contexts of
application in order to evaluate the feasibility of our approach
(Section 6). Then, we discuss the obtained results (Section 7).
Finally, we complete the paper with a conclusion and future
work (Section 8).

II. EVALUATION METHODS FOR INTERACTIVE ADAPTIVE
SYSTEMS

Our research question addresses the choice of appropriate
evaluation methods, taking account of specific evaluation
constraints (e.g., requirements resources, type of IAS, etc.).
With a goal of feasibility study, the focus will be on four user-
centred evaluation methods used in conjunction with the
layered evaluation of IAS. The UCE methods will be listed
then according to the different adaptation layers in which they
can occur. The four UCE methods are: user-as-wizard,
heuristic evaluation, focus group, and user test. These methods
are thought to be representative. It should be noted that the
proposed approach can be used in the case of different
evaluation methods for interactive adaptive systems.

The following sub-sections present an overview of the
layered evaluation and the four considered user-centred
evaluation methods.

A. Layered Evaluation

The important difference between the evaluation of
adaptive and regular (non-adaptive) systems is that the
evaluation of adaptive systems cannot consider the system as a
whole. Many researchers recommend the use of the layered
approach in assessing interactive adaptive systems [15,16,25].
This evaluation approach does not treat evaluation as a
“monolithic” process but instead divide it into layers. Each
layer of IAS reflects the stage/component of the adaptation; so
it is evaluated independently of the others [15]. The layered
evaluation helps in identifying the exact cause of the adaptation
failure or any other error. The advantages of the layered
evaluation are: (1) it provides insight into the success or failure
of each stage of the adaptation, (2) it facilitates the
improvements, and (3) it enhances the reusability of successful
practices [16].

A series of layered evaluation approaches have been
proposed in the IAS literature with different levels of
granularity (layers). In each layer, different evaluations and
analyses have to be taken into account. The layered evaluation
approach suggested by [25] discerns two layers:

e Interaction assessment layer: This layer tests the
validity of the conclusions drawn by the system
concerning the characteristics of the user-computer
interaction.

e Adaptation decision making layer: This layer evaluates
the validity of the rules applied for the adaptation.

Another approach was presented by Weibelzahl [26]; this
author identifies the following components/stages of
adaptation:

e Evaluation of input data: This layer evaluates the
reliability and external validity of the input data
acquisition process, user behavior, and context (e.g.,
sensor data, click stream, etc.).

e Evaluation of the inference mechanism: This layer tests
the wvalidity of inference mechanism in different
environments under real world conditions.

e Evaluation of the adaptation decision: The idea of the
evaluation deals with determining whether adaptation
decisions made are optimal.

e Evaluation of the total interaction: This layer evaluates
both system and user under real world conditions.

A similar layered evaluation but with a greater degree of
granularity was proposed by Paramythis et al. [15]; the
following layers are distinguished:

o Collection of input data: The input data that an
interactive system collects is predominantly derived
from the user’s interaction with it.

o Interpretation of the collected data: This layer evaluates
the validity of the interpreted input data.

e Modelling the current state of the world: This layer
compares the system-maintained dynamics model with
the real-world entities to which they correspond.



e Deciding upon adaptation: At this layer, the adaptive
system decides which adaptation theory/strategy to
apply given the current user model.

e Applying adaptation: The adaptation decision can be
applied in different ways (e.g., layouts, formulations).

In [27], a layered approach which would be applied for the
evaluation of adaptive recommender systems is proposed. Two
layers are identified:

e Evaluation of user modeling: Refers to the evaluation
of the user modelling process, focusing mostly on
whether the user characteristics are represented.

e Evaluation of adaptation decision making: Addresses
the evaluation of the adaptation process, logic and
results, focusing mostly on whether the personalization
actions are valid and meaningful for the given state of
the user model.

B. Relevant User-Centred Evaluation Methods: User-as-
Wizard, Heuristic Evaluation, Focus Group, and User Test
The wuser-centred evaluation methods for interactive

adaptive systems have been recommended by several
researchers, where all the evaluation phases can provide
feedback to modify the knowledge base of the system itself
[8,28]. The UCE methods help evaluators to detect the real
problems encountered by users at the time of the execution of
their task with the system [18]. Many user-centred evaluation
methods have been identified in IAS literature (e.g., interviews,
focus group, heuristic evaluation, think aloud protocols, expert
review, parallel design, cognitive walkthrough, wizard of oz
simulation, questionnaires, scenario-based design, task
analysis, etc.) [8,10,11]. As already mentioned, for a feasibility
study we focus on four UCE methods related to the adaptation
layers of adaptive systems. The proposed approach can be used
for different IAS evaluation methods. The selected UCE
methods are: user-as-wizard, heuristic evaluation, focus group,
and user test. The following sub-sections present the four
evaluation methods.

1) User-as-wizard: In this method, participants play the
role of the wizard and they are left completely free to perform
the wizard’s task without being given a script to follow [19].
The user-as-wizard method is inspired by the wizard-of-Oz and
the contextual design methods [19]. This method consists of
two stages: exploration stage and consolidation stage. In the
first stage, the exploration one, participants take the role of the
adaptive system, or most frequently of a functionality that
corresponds to a particular layer. In the second stage, the
consolidation one, a verification of the acceptability of the
human performance is made in order to determine in what
respects this performance can be improved. For this stage, it is
recommended to use new participants, rather than reusing
those of the exploration stage.

2) Heuristic evaluation: One or several expert evaluators
examine a user interface using a set of criteria and look for
problems that violate some of the general principles of good
interface design [20]. Heuristics are general principles that can
describe common properties of usable interfaces [29]. They

help evaluators to discover sources of trouble of usability
problems more easily. The most popular heuristics in usability
testing are Nielsen’s heuristics [29] consisting of ten broad
guidelines based on a factor analysis of common usability
problems. In [21], Magoulas and his colleagues proposed an
integration of Nielsen’s heuristics with layered evaluation for
adaptive learning environments. For each level of adaptation,
they modified a subset of the usability heuristics and added
more detailed criteria for these heuristics.

3) Focus group: It is an informal technique structured as a
discussion about specific topics moderated by a trained group
leader [22]. It is used to collect user’s attitudes, beliefs and
desires during the requirement analysis phase and before
system implementation [23]. The focus group method is
considered to produce rich qualitative data about what users
want and dislike. It is typically used to gather functional
requirements, data requirements, usability requirements, and
environmental requirements to be considered in the design of
system adaptations, depending on the persons involved (e.g.,
users, evaluators).

4) User test: This evaluation method that can be carried
out once the functionality corresponding to an evaluation layer
has been implemented. In this method, users are given well-
defined tasks to do. The user test method can be used to
identify the users’ performance (e.g., which adaptations they
preferred, which confused them) and opinions [24]. The main
difficulty of user test method is that it may be hard for
participants to provide the kind of input required, necessitating
the presence of special interactive facilities to support the
process.

In order to contribute to the evaluation methods selection,
only a few numbers of decision support systems and
approaches are proposed in the literature. These decision
support systems are proposed in the field of the regular (non-
adaptive) systems and none of them are used in the case of
interactive adaptive systems. A brief summary of these
decision support systems is presented in the section below.

III. A SURVEY OF EXISTING DECISION SUPPORT SYSTEMS IN THE

FIELD OF THE EVALUATION OF REGULAR (NON-ADAPTIVE)
SYSTEMS

The scientific literature presents few decision support
systems and approaches that can assist towards the selection of
methods for the evaluation of regular (non-adaptive) systems
[30,31,32,33]. For example, the planning aid proposed by [30]
which offers advice in the form of heuristics about the selection
of evaluation methods for the inexperienced evaluators. On the
other hand, a decision support system, called Adhesion, was
presented by [31]; it helps evaluators to identify the appropriate
methods and criteria for the evaluation of human-computer
interfaces, based on the fuzzy approach and the concept of
expert's preferences. Another tool, called Usability Planner,
was proposed by [32,33], to support the choice of user-centred
design methods to be applied in a specific project, based on
rules derived from ISO TR 16982 [34] and authors' experience.
It helps to identify the particular methods to be selected
according to the particular project stages and to estimate the



relative cost benefits of applying usability methods at different
phases of interactive systems. Similarity with our approach is
that both of them are used to support the choice of suitable
methods depending on particular selected constraints.
However, the particularity of our proposed approach is that it
helps evaluators to choose the suitable evaluation methods
dedicated to interactive adaptive systems, using a multi-criteria
decision making method, namely the AHP.

The mentioned decision support systems were proposed to
be used for regular (non-adaptive) systems. The existing
studies did not report which evaluation methods to use for
specific evaluation context of interactive adaptive systems. As
no studies have addressed these issues before, our objective is
to propose a decision support approach which will give a
preliminary guidance for the evaluation of interactive adaptive
systems. To our knowledge, such an approach does not have an
equivalent in the evaluation of interactive adaptive systems
field.

The proposed decision support approach for the choice of
appropriate evaluation methods is described in detail in the
next section.

IV. DESCRIPTION OF THE PROPOSED DECISION SUPPORT
APPROACH

Choosing the appropriate evaluation methods is an essential
decision for the evaluators; yet such a decision can be
confounding with the numerous factors that need to be
considered. In TAS literature, there is limited knowledge as to
which evaluation methods are appropriate for different
interaction contexts. IAS evaluators need to collect information
present in different sources and to understand the suitability of
each method in a particular evaluation context [14]. The
objective of this work is to overcome this kind of weakness by
proposing a decision support approach for the choice of
suitable evaluation methods for interactive adaptive systems.
Its main objective is to propose the appropriate methods which
are usable for the evaluation of IAS in specific evaluation
contexts. The principles on which it is based are described
below (Fig. 1).

Decision
Criteria and
Sub-Criteria

Alternatives

Appropriate
evaluation
methods for

IAS

Fig. 1. Decision process for the choice of appropriate evaluation methods for
interactive adaptive systems

The following sub-sections discuss the components of the
above decision process for the choice of IAS evaluation
methods.

A. Goal

As already mentioned, the goal of the proposed decision
support approach is to support the choice of the appropriate
evaluation methods for IAS depending on specific evaluation
constraints and interaction contexts.

B. Decision Criteria and Sub-Criteria Affecting the

Evaluation Methods Choice

The choice of the appropriate set of evaluation methods
depends partially on a number of factors which can affect the
evaluation process of adaptive systems. The factors considered
in the decision making process, are related to: temporal,
financial and human resources, location, evaluation phases,
type of IAS, types of adaptation, adaptation layers, complexity
of task, and user characteristics (i.e. number, expertise with the
IAS and age).

Table 1 presents the decision criteria and sub-criteria and
their corresponding explanations.

TABLE L DESCRIPTION OF CRITERIA AND SUB-CRITERIA AFFECTING

THE EVALUATION METHODS CHOICE

Decision Criteria and Sub-
Criteria
Temporal resources

Explanations

Determines the time available for
conducting the evaluation of
interactive adaptive systems.
Determines the budget available for
conducting the evaluation of
interactive adaptive systems.

Human resources The individuals involved in the
evaluation  process [35]. The
evaluation of interactive adaptive
systems can either involve evaluators,
users, and/or other (e.g., designer).
Determines the location where the
evaluation is carried out, either a
laboratory setting or real-life setting
[8].

According to [9], we distinguish three
life-cycle stages in which an
evaluation method can occur: (1) the
requirement phase, which occurs
before any system implementation, (2)
the preliminary evaluation phase,
which occurs during the system
development, and (3) the final
evaluation phase, which occurs at the

Financial resources

Location

Evaluation phases

end of the IAS implementation.
Interactive adaptive systems can be
classified  according  to  their
categories. Many types of adaptive
systems are identified in the literature
(e.g., adaptive hypermedia system,
adaptive e-learning systems, adaptive
recommender  system, adaptive
information retrieval system, etc.)
[36].

Three levels of adaptivity can be
identified in IAS: (1) user selection:
the system initiates the action and
presents the user with the preferred
alternative. The user has then to
specify the action, (2) user approval:

Type of IAS

Type of adaptation




the system initiates the action and
notifies the user about the selected
alternative. The user has then to
approve the system’s choice or to
choose another alternative, and (3)
fully adaptive: the system initiates the
action and did not presents the user
with other alternatives [37].
Adaptation layers The layer which needs to be
considered for the evaluation of IAS.
According to Paramythis ef al. [15] an
evaluation method can be assigned to
one or more of the following: (1)
collection of input data (CID), (2)
interpretation of the collected data
(ID), (3) modelling of the current state
of the world (MW), (4) deciding upon
adaptation (DA), and (5) applying
adaptation (AA). The evaluation
methods can also be used for the
evaluation of adaptation as whole.
Certain IAS evaluation methods are
applicable for simple tasks. Other
methods are applicable for complex
tasks [38].

Number of users involved in the IAS
evaluation process.

The interactive adaptive system can
be used by various types of users who
differ in terms of level of expertise
with the system. This can influence
the interaction with the IAS and needs
to be considered when evaluating it
[38].

Age The evaluation might consider the
properties of IAS used by various
types of users differing in age [38].

Complexity of task

User Number
charactestrics

Expertise
with IAS

As in the case of the regular (non-adaptive) systems a
number of criteria are to be considered while choosing the
appropriate evaluation methods (e.g., location, temporal and
financial resources, phases of evaluation, etc.). However, in the
case of interactive adaptive systems, additional criteria can
influence the interaction with the adaptive systems and should
be considered in the decision making process (e.g., type of
adaptation, type of IAS). Considering these criteria, there must
be a selection between evaluation methods. In this study, the
four selected UCE methods for adaptive systems are the
alternatives. The latter can be defined as the objects, between
which the choice will be made. In the next sub-section, we
present a classification of the considered evaluation methods.

C. Alternatives: Classification of Evaluation Methods for
Interactive Adaptive Systems

There is a wide variety of methods that contribute to the
evaluation of interactive adaptive systems [9,11,12]. Each
evaluation method can be defined by its particular aspects. For
a feasibility study, the focus will be on four UCE methods,
which represent the alternatives in this study. These evaluation
methods are: user-as-wizard, heuristic evaluation, focus group,
and user test (See Section I1.B). In this paper, we classify UCE
methods on the basis of phases of evaluation, quality factors
assessed in each layer, etc. This classification is intended to
capture the characteristics of the considered evaluation
methods.

Table 2 presents a classification of the considered
evaluation methods for IAS according to the following factors:

e The adaptation layer: The layer which the method is
particularly suitable for [15].

e The inspected quality factors: The types of evaluation
measures the methods are most suitable to evaluate in
each layer (e.g.,, appropriateness of adaptation,
comprehensiveness, precision) [15].

e The phases of evaluation: Three life-cycle stages in
which an evaluation method can occur [9]: (1) the
requirement phase, (2) the preliminary evaluation
phase, (3) the final evaluation phase.

o The stakeholders: Evaluation methods differ in terms of
the persons involved in the evaluation process [35].

e The advantages and disadvantages: The main
advantages and disadvantages deriving from the
application of each method in the evaluation of
interactive adaptive systems [12,15].

The four UCE methods are often selected for the simple
reason that they support the different evaluation phases and
adaptation layers of IAS. The preliminary evaluation phase is
represented by three methods which are: user-as-wizard,
heuristic evaluation, and focus group. The requirement phase is
represented by focus group, and the final phase is represented
by user test. These UCE methods seem then to be appropriate
for making a decision based on the characteristics of evaluation
methods.

In order to determine the appropriate evaluation methods
depending on specific evaluation settings, we use the multi-
criteria decision making method AHP due to two reasons. First,
it allows making qualitative and quantitative analyses in the
same decision-making methodology and provides a useful way
to evaluate consistency of evaluation measures, which reduces
inconsistencies in the decision-making procedure [39]. The
second reason is its simplicity since there is no need to build a
complex expert system with the decision maker’s knowledge
embedded.

The following sub-section describes the AHP aid method.



TABLE II. CLASSIFICATION OF EVALUATION METHODS CONSIDERED IN THIS STUDY
Evaluation Adaptation Quality Factors Assessed Phases of Stakeholders Advantages and Disadvantages
Methods for IAS Layers Evaluation
User-as-Wizard MW#* Validity of interpretations or inferences, | Preliminary Users or | (+) Can even be done before the
predictability, scrutability, conciseness, | evaluation phase evaluators layer itself has been implemented
comprehensiveness, precision, (+) May inspire design of the layer
sensitivity (-) Requires task that humans
DA* Necessity of adaptation, appropriateness understand
of adaptation, subjective acceptance of (-) Some tasks are inherently more
adaptation, predictability, scrutability, difficult for humans than for
breadth of experience computers
AA* Usability, timeliness, unobtrusiveness,
controllability, acceptance by user,
predictability, breadth of experience
Heuristic CID* Accuracy, latency, sampling rate Preliminary Evaluators (+) Quick and inexpensive
Evaluation ID* Validity of interpretations, privacy, evaluation phase (+) Making prediction about the
controllability, predictability, interface design without involving
scrutability, transparency users
MW#* Validity of interpretations or inferences, (-) Evaluators are not real users
privacy, scrutability, conciseness, (-) Need to choose the appropriate
predictability, comprehensiveness, heuristics
precision, sensitivity, transparency,
controllability
DA* Necessity of adaptation, appropriateness
of adaptation, subjective acceptance of
adaptation, predictability, scrutability,
breadth of experience, privacy,
transparency, controllability
AA* Usability, unobtrusiveness, privacy,
timeliness, breadth of experience,
acceptance by user, predictability,
transparency, controllability
Whole Effectiveness, efficiency, usability,
criteria specific for system’s objectives
Focus Group MW* Validity of interpretations or inferences, | Requirement Users, (+) Can generate large amounts of
scrutability, predictability, conciseness, evaluation phase, | evaluators, data quickly
comprehensiveness, precision, preliminary designers (+) Can discuss events happening
sensitivity, privacy, transparency, evaluation phase over long time span
controllability (=) Can only cover a few topics (or
DA* Necessity of adaptation, appropriateness it will time-consuming)
of adaptation, subjective acceptance of () Depends on good moderator
adaptation, predictability, scrutability,
breadth of experience, privacy,
transparency, controllability
AA* Usability, timeliness, unobtrusiveness,
controllability, acceptance by user,
predictability, breadth of experience,
privacy, transparency
User Test DA* Necessity of adaptation, appropriateness | Final evaluation | Users, (+) Can provide objective
of adaptation, subjective acceptance of phase evaluators performance measures
adaptation, predictability, scrutability, (+) Can be quite natural for users
breadth of experience, privacy, (-) Requires tasks that humans
transparency, controllability understand
AA* Usability, timeliness, unobtrusiveness, (=) Can be time-consuming
controllability, acceptance by user,
predictability, breadth of experience,
privacy, transparency
Whole Effectiveness, efficiency, usability,
criteria specific for system’s objectives

* CID = Collect Input Data, ID = Interpret Data, MW = Model the current state of the World, DA = Decide upon Adaptation, AA = Apply Adaptation

D. Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) proposed by Saaty
[40], is a multiple criteria decision making method applied to
uncertain decision problems with multiple criteria. It can be
used to solve complex decision problems. Analytic hierarchy
process is one of the most widely used multiple criteria
decision-making method [41]. Many works have been

published based on AHP. They include applications of AHP in
different domains such as choosing best alternatives [42],
prioritization [43], and benchmarking [44], etc. One advantage
of AHP is that it is simple because there is no need of building
a complex expert system with the decision maker’s knowledge
embedded in it. AHP also allows making qualitative and
quantitative  analyses by the same decision-making




methodology [39]. The AHP method is based on six essential
steps [39]: (1) defining the unstructured problem and stating
the goal clearly, (2) decomposing the problem into a hierarchy
tree of different decision elements: goals, criteria, sub-criteria
and alternatives, (3) computing the weights for the different
criteria through a pair-wise comparison; the result of the pair-
wise comparison can be summarized in an (N_N) decision
matrix A, as in (1), where N is the number of evaluation
criteria considered. Every element of the matrix A represents
the quotient of weights of the criteria. The diagonal is always 1
since Cij = 1 (since the criteria, i (row) are being compared to
themselves, j (column)) and the lower triangular matrix is filled
using Equation (2).

1 ClZ ClN
C 1 ... C
Sl I S B
CN1 CNZ ------ 1
1
Cij= o 2

The relative importance between two criteria is measured
according to Saaty's discrete nine-value scale method shown
in Table 3, The three other steps are: (4) determining the
priority weights of alternatives with respect to each criterion
(comparison of various alternatives with respect to the
decision criteria for selection), (5) enumerating the overall
priority weights for all the alternatives, (6) analyzing and
checking the Consistency Ratio (CR) in order to validate and
determine the acceptance of the weights. On the basis of
Saaty's empirical suggestion [39] that a CR <0.1 is acceptable,
it is concluded that the foregoing pair-wise comparisons to
obtain attribute weights are reasonably consistent. In contrast,

if the CR value is larger than the acceptable value, the matrix
results are inconsistent and the judgments should be reviewed.

For more information on how to use the AHP aid method
see [39].

TABLE III. THE PAIR-WISE COMBINATION SCALE

Value Description

Equal importance

Moderate importance

Strong importance

Very strong importance

Extreme importance

N |O|Q|n|w]| —

,4,6,8 Intermediate values between two adjacent judgments

V. SUPPORTING THE CHOICE OF EVALUATION METHODS FOR
INTERACTIVE ADAPTIVE SYSTEMS BASED ON THE AHP

Fig. 2 illustrates the hierarchy of decision for the choice of
evaluation methods for a specific evaluation context which has
four different levels. The overall goal of the decision problem
is that the “Choice of appropriate evaluation methods for
interactive adaptive systems” is put at the top level of the
hierarchy (level 1). The middle level in the hierarchy explains
the group of criteria to take into consideration (level 2); the
user characteristics criterion was broken down into three sub-
criteria (level 3). The last level of the hierarchy’s decision
shows the alternatives which are the evaluation methods for
interactive adaptive systems (level 4). In this study, the
alternatives are: user-as-wizard, heuristic evaluation, focus
group, and user test.

In the next section, we test the proposed decision support
approach in two different evaluation contexts. The goal is to
find the suitable UCE methods in the case of specific
evaluation contexts.
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VI. CASES STUDIES OF AHP ON ADAPTIVE HYPERMEDIA
SYSTEMS

In order to illustrate the practical effectiveness of the
proposed approach, we demonstrate the use of the AHP aid
method by comparing the four considered UCE methods. We
illustrate the proposed approach in case of two evaluation
contexts. Different results are proposed according to the
different evaluation constraints. The relative importance of
criteria depends on the context in which the evaluation method
will be used.

A. First Evaluation Context

In this study, we compare the four selected evaluation
methods in terms of two evaluation contexts. The first context
describes an adaptive hypermedia system which offers
personalized information adapted to the preferences of users.
The evaluator needs to decide whether to choose as appropriate
methods for the usability evaluation of the given adaptive
system. In this evaluation context, a range of criteria are taken
into account in making the decision: the evaluation methods
can occur in the preliminary evaluation phase of the
development process with the presence of users and medium
temporal resources. The evaluation methods are used to
evaluate the whole adaptive hypermedia system.

Table 4 shows the scale ranking for the pair-wise
comparison that has been obtained from the evaluator.
Associated to each cell, there is a row criterion, call it X, and a
column criterion, call it Y. The evaluator supposed to compare
each criterion with others according to their perception of the
importance of each one. Hence, the research question is: “How
much more important is X than Y in choosing the appropriate
evaluation methods to use?” These values can vary from an
evaluation method to another according to evaluation
constraints. Below, we will explain the choice of some weights
presented in Table 4. Let us consider the phases of evaluation
and the human resources criteria; we give 1/2 value to the
phases of evaluation compared to the human resources, which
means that the human resources is considered twice more
important than phases of evaluation criterion. This is the same
reason for choosing 1/2 as weight for human
resources/adaptation layer and the type of IAS/adaptation layer.
A decision criterion compared to itself is assigned the value 1.
The main diagonal elements of the pair-wise comparison
matrix are all 1.

normalized matrix criteria of the first row) divided by the
number of criteria that is five so obtained the results of 0.07.
The same way done also on phases of evaluation, human
resources, type of IAS, and adaptation layers criteria to
determine the normalized matrix for criteria by means of
matrix values divided by the number of criteria.

Then, the evaluator has to compare all the alternatives with
respect to each criterion. Each matrix compares each criterion
with each alternative. For example, the second matrix (Table 5)
presents a comparison of temporal resources criterion with the
alternatives (user-as-wizard, heuristic evaluation, focus group,
and user test).

TABLE V. EVALUATION OF ALTERNATIVES WITH RESPECT TO
TEMPORAL RESOURCES CRITERION

Temporal User-as- Heuristic Focus | User Weight

Resources Wizard | Evaluation | Group | Test
User-as- 1 1/3 12 2 0.17
Wizard
Heuristic 3 1 2 3 0.45
Evaluation
Focus Group 2 1/2 1 2 0.26
User Test 12 1/3 12 1 0.12

According to the temporal resources criterion, the most
suitable evaluation method found is heuristic evaluation (0.45),
and respectively focus group (0.26), user-as-wizard (0.17), and
user test (0.12). After entered the judgments of temporal
resources criterion, the evaluator has to enter the judgments for
the rest of criteria.

AHP uses a Consistency Ratio to validate and determine the
acceptance of the weights. The CR is acceptable, if it does not
exceed 0.10. If it is more, the judgment matrix is inconsistent
[40]. The consistency ratio resulting from our measure is 0.049
which is considered acceptable.

The comparative analysis resulting from AHP evaluation is
depicted in Table 6. In conclusion, the result shows that
heuristic evaluation is the appropriate evaluation method
(0.278) for the evaluation of the adaptive hypermedia system in
the given constraints. The evaluation results put user test
(0.258), focus group (0.248), and user-as-wizard (0.216) in the
second, third and fourth positions, respectively.

TABLE VL WEIGHTING COEFFICIENT FOR ALTERNATIVES
TABLE IV. COMPARISON MATRIX OF THE FIRST EVALUATION CONTEXT TR* PE* HR* T- AL* Weight
TAS*

TR* | PE* | HR* | TIAS* | AL* | Weight User-as- 0.17 | 0308 | 02 025 | 0.167 | 0216
TR* 1 1/3 1/4 1/3 1/3 0.07 Wizard
PE * 3 1 172 12 12 0.147 Heuristic 045 | 0308 | 0.142 | 025 | 0333 | 0.278
HR* 4 2 1 12 12 0.205 Evaluation
T-IAS* | 3 2 2 1 12 0.248 Focus 0.26 0.308 0.329 0.25 0.167 0.248
AL* 3 2 2 2 1 0.33 Group

*TR= Temporal Resource, PE= Phases of Evaluation, HR= Human Resources, User Test 0.12 0.076 0.329 0.25 0.333 0.258

T-TIAS= Type of IAS, AL= Adaptation Layers

The value of weight of temporal resource criterion (0.07)
presented in Table 4, is obtained from the average value of
pair-wise comparison matrix row with normalized criteria
matrix, the first row with a value of 0.35 (sum of the

*TR= Temporal Resource, PE= Phases of Evaluation, HR= Human Resources,
T-IAS= Type of IAS, AL= Adaptation Layers

B. Second Evaluation Context

We take here an example of another adaptive hypermedia
system. In this evaluation context, a range of criteria are taken
into account: the evaluation methods can occur in the



requirement phase with the presence of users and evaluators
and high temporal resources. In this context, the methods are
used to evaluate the applying adaptation layer of the adaptive
hypermedia system.

Table 7 presents the pair-wise comparison relative to this
evaluation context. The evaluator is supposed to compare each
criterion with others according to his/her perception of the
importance of each one.

TABLE VII. COMPARISON MATRIX OF THE SECOND EVALUATION
CONTEXT
AL* TR* HR* T-IAS* PE* Weight

AL* 1 3 2 172 172 0.193
TR* 1/3 1 1/3 1/3 1/3 0.075
HR* 12 3 1 172 172 0.149
T-IAS* | 2 3 2 1 172 0.25
PE* 2 3 2 2 1 0.333

*AL= Adaptation Layers, TR= Temporal Resources, HR= Human Resources, T-IAS= Type of IAS,
PE= Phases of Evaluation

The obtained consistency ratio in this example is equal to
0.047 which is considered acceptable. The final matrix
presented in Table 8 shows the decision which should be taken
according to this evaluation context. With this study, it is
deduced that the focus group (0.348) was the best evaluation
method for the given constraints, followed respectively by the
user test (0.235), user-as-wizard (0.22), and heuristic
evaluation (0.197). This result was obtained by using the AHP
method.

TABLE VIII.  WEIGHTING COEFFICIENT FOR ALTERNATIVES
AL* TR* HR* T- PE* Weight
IAS*
User-as- 0.25 0412 0.167 0.25 0.16 0.22
Wizard
Heuristic 0.25 0.108 0.167 0.25 0.16 0.197
Evaluation
Focus 0.25 0.187 0.333 0.25 0.52 0.348
Group
User Test 0.25 0.293 0.333 0.25 0.16 0.235

*AL= Adaptation Layers, TR= Temporal Resources, HR= Human Resources, T-IAS= Type of IAS,
PE= Phases of Evaluation

VII. DISCUSSION

In this paper, we used AHP method to determine the
suitable evaluation methods for a given evaluation context. In
the first context, where the evaluator has to choose the
appropriate methods to evaluate the whole adaptive
hypermedia system, heuristic evaluation is found to be the most
appropriate evaluation method addressing the given situation,
while user test is the second suitable method, focus group is the
third method, and user-as-wizard is the worst evaluation
method. According to the obtained results in the second
evaluation context, the focus group was the best, while the user
test is the second; the user-as-wizard and heuristic evaluation
are the less suitable methods.

The evaluation methods proposed are different in the two
evaluation contexts; this depends on the decision criteria, the
evaluator’s perception of importance of each criterion, and the
alternatives considered in the decision making. In fact, the
cases studies show that different evaluation methods are

suitable depending on the given evaluation constraints,
although these methods may be not appropriate for other
contexts. It should be noted that the choice of the appropriate
evaluation methods for IAS is strongly linked to the context
within which it is applied.

As already mentioned, for a feasibility study, only four
evaluation methods are considered as alternatives despite the
fact that the approach can be used in the case of different
evaluation methods for IAS. It should be noted that, a larger
number of evaluation methods requires a high number of
judgments in the comparison matrices. Although every single
evaluation is very simple, the task of comparison may become
time consuming.

The main objective of the proposed approach is to give a
preliminary guidance for IAS evaluators to support the choice
of appropriate methods depending on specific evaluation
contexts. The selection of appropriate evaluation methods
depends, naturally, on decision criteria and alternatives
considered in decision making. In this study, certain decision
criteria are determined: temporal, financial and human
resources, location, evaluation phases, type of IAS, type of
adaptation, complexity of task, user characteristics, and
adaptation layers. The user characteristics criterion is broken
down into three sub-criteria, which are: age, number, expertise
with the [AS.

VIII. CONCLUSION AND FUTURE WORK

A major problem which evaluators are confronted with is
the choice of suitable evaluation methods for interactive
adaptive systems depending on specific evaluation constraints.
An approach for choosing the most appropriate evaluation
methods for IAS has been proposed based on the principles of
multi-criteria decision making. The proposed approach
presents a popular approach of multi-criteria decision making
namely AHP. The approach is illustrated in the context of
adaptive hypermedia systems in order to decide which of the
four considered UCE methods we need to focus on. The used
methods are: user-as-wizard, heuristic evaluation, focus group,
and user test. The decision support approach is flexible in the
sense that it can be applied in the case of different evaluation
methods for adaptive systems. The novelty of this approach lies
in the possibility to assist semi-automatically the choice of IAS
evaluation methods to be adopted in each evaluation context.
Since, the evaluator has to give the relative importance of each
element in the hierarchy in order to use the analytic hierarchy
process method.

Future directions of this research will deal with applying
the evaluation in other fields of adaptive systems. Since we
have tested the proposed approach only in the hypermedia
context, it would be also interesting to generalize the approach
to other fields of application. In addition, only four methods
have been used to wvalidate and illustrate the practical
effectiveness of the proposed approach. It would be interesting
to extend the proposed decision support approach to other
evaluation methods. We plan also to enhance the proposed
decision method. A decision support system to validate and test
the proposed approach will be at the center of ongoing
research.
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