Prioritizing the usability criteria of adaptive
user interfaces of information systems
based on | SO/IEC 25040 standard

Amira Dhouib*, Abdelwaheb Trabelsi?, Christophe K olski?,
Mahmoud Neji’

1. Miracl Laboratory, Faculty of Economics and Management Sciences
University of Sfax, B.P. 1088, Sfax 3000 Tunisia

{amira.dhouib, mahmoud.neji}@fsegs.rnu.tn

2. College of Computation and Informatics. Saudi Electronic University,
Saudi Arabia, Dammam
atrabelsi@seu.edu.sa

3.LAMIH-UMRCNRS 8201, University of Valenciennes and Hai@arnbrésis,
Valencienned-rance
Christophe.Kolski@univalenciennes.fr

ABSTRACT Usability is a major concern withiradaptive user interface It presents a
combination of different attributes. The impact of each usability attribute argyfromone
layer to another during thesability evaluation ofdaptive user interfageOn that basis, one
question thatarisesis: “What are the priority leved of usability criteria that need to be
assessed imdividuallayers and in the whole adaptiv&/ster@” This paper presents psible
directions to address thiguestion by identifying theriority level ofusability criteria tobe
assessd in the adaptive user interfaceof information systemsconsidering the ISO/IEC
25040 standat. The priority level is calculated using a multriteria decisionanalysis
method, namelthe Analytic Hierarchy Proces3he proposed approacprovides guidance
for evaluators to better evaluatslaptive user interface#&\n adaptive information system in
the field oftransportis presented in order tealidate and illustrate our approach.

ResumMme L'utilisabilité est un facteur de qualité important polas interfaces utilisateur
adaptative. Il se focalise suune combinaison desttributs. Le niveau timportancede
chaquecritére peut varierd’'une étap dadaptation a une autre lors deélaluation de
I' utilisabilité des interfaces utilisatewdaptatives. de question gi se pose est« Quel est
le niveaude priorité des critéres’dtilisabilité qui doivent étre évalués dans les diffémnt
étapes thdaptationet dans 'lensemble du systeme adapt&tif Dans cet article, nous
identifionsles critéresd’utilisabilité qui doivent étre évalués dates interfaceautilisateur
adaptatives des systememébrmation,ense basant sula norme ISAEC 25040.Le niveau
de priorité estdéterminé& I'aide dune méthodenulticritére daide a la décisiona savoir le
processudd’analysehiérarchique.L’approche proposée sert a guider les évaluateumsr
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mieux évaluer les interfaces utilisateur adaptativés syseme dinformation adaptatif dans
le domaine du transport est étudié afin de validapproche proposée.

KeywoRrDs adaptiveuser interfacemulti-criteria decision analysisnethod ISO/IEC 25040
standard usability criteria,layeredevaluation.

MoTscLES: interfaceutilisateur adaptativeméthodemulticritére daide a ladécision norme
ISO/IEC 25040criteresd’ utilisabilité, évaluationstructurée.
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1. Introduction

The evaluation of the interactive part éfformation §stems(IS) is of great
importance during their development procé¥anderdonckt,1994; Bastien and
Scapin 2001, Kolski et al., 2012 Zen and Vanderdonckt, 20114t consistsin
ensuring that the system fulfills its objectivétie presenpaperfocusesessentially
on the usability evaluation dhe Adaptive User InterfaceAUIs) of such systems.
Many research activities related to the usability evaluatiol@AUls have been
performedin recent yearsDifferent researchers have highlighted the importance of
evaluating the usability of thessterfacegBenyon, 1993; Alshammaet al.,2015;
Alshammariet al., 2016). For instance, conducting @asability evaluation isan
essential taskor developing usdb adaptive systemsThe sability conceptis
characterized by a combination of different criteria (Nielsen, 1993). The iropact
eachone may vary froma situation to another during the usability evaluation of
AUls. For an effective evaluation aflaptiveuserinterfacesmanyresearchers have
emphasizedthe importance oftaking into account the layers ofdaptation
(Karagiannidis and SampsoB800Q Brusilovsky et al, 2001; Paramythiset al,
2001;Paramythiset al, 2010) This type of evaluation is callil layered evaluation
Theaim of this evaluationis to make an implicit logical division between ttages
of the adaptive system, calléalyers and to evaluate every layseparately where
feasible(Paramythiset al.,2010) Eachlayer is responsibléor a specific step in the
adaptation proceg8rusilovskyetal., 2001; Paramythist al, 2010) At each layer,

a number of usabilityriteria areto beassesse@Paramythiset al, 2001) Most of
them arelayerspecific. It should be mentioned that not all usability criteria are
required in every evaluation situation alager (Paramythiset al, 2010) In fact,
applying the same usability criteria to a specific layertamthe wholeadaptive
systemat different evaluation contexts is impossible. Thus, bgbooeeeding to the
usability evaluation oAUIs, the usability criteria andtheir priority leves have to be
determinedn order tofully evaluate them irthe individual layers and in the whsl
adaptivesystems

The level of priority of usability criteria depends essentialtytioe layers, the
stages of the development process, and the available res@Recamythiset al,
2001) In this paper the priority levek of the usability criteriathat needto be
assesseth adaptive user interfaces of E8e determined When a conflict in the
evaluation process arises, the obtained lesetassist evaluatolis decidingwhich
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usability criterion is more important than the otlo@esin particular contextThe
focus is on the main usability criteria of AUIs (e.g., brealth of experience,
transparencyetc) (Jameson, 2003)

The criteria weights are distinguished from the subjective weighévaluator
using the Analytic Hierarchy Process (AHP) methddiP is considered as a
powerful multi-criteria decision analysis methodthat allows deomposingall the
problem elementito a hiearchy (Saaty, 2008)This methodhas beerappliedin
differentreal life decision making situations, ranging from simple persortddidas
to complex intensive decisioiBagdevireret al, 2009;Jitendra and Nirjhar, 2011)
In the humancomputerinteraction literature AHP is a widely useddecisionaid
method(Aydoganet al.,2013 Hoo and Jaafar, 20)1.3Previousstudies appliedhis
methodin userinterfacedesign, namely to weigh the usability critefMitta,1993;
Park and Lim,1999)and to prioritize the usability problems during heuristics
evaluation(Delice andGungor, 2009) In (1999) for example, Park and Lim use
AHP to weigh the usability criteria in order to select an interfao®ng design
alternativesOther study proposed Hpelice andGungor, 2009)jnvolved the use
of AHP in determining the severity iiags of usability problems detected by
heuristic evaluation.

The planning of evaluation processaofaptive user interfaces is characteriagd
different steps(Totterdell and Boyle, 1990)which define (1) the objective of
evaluation, (2) the adaptatiomyers that need to be assessedhdaptive user
interfaces, (3) the usability criterighat need to be assessed acrlzsers, (4) the
priority level of usability criteria, (5) the metrics for evaluation) {8e decision
criteria for evaluation, (7) the appropriate usability evaluation mettod the
considered usability criteria, and (8) the final evaluation report. Sinapiwsl
systems are a special type of interactive systems, we propose in this research t
adopt the evaluation process defined by ISO/IEC 25040. Our proadapts the
steps of theevaluation processf AUIs and introduceshem into the general
evaluation proess defined in ISO/IEC 25040This standard defines the evaluation
process for evaluatinghe quality ofinteractive systems and software products
(ISO/IEC 25040, 2011)It replaces the ISO/IEC 14598 standard(1999) and it
consists of fiveactivities namely (1) establismg the evaluation requirements
(establishingthe purpose of the evaluatioobtainingthe software product quality
requirements, identifpg the product parts to be dtuded in the evaluatiomand
definingthe stringency of the evaluatn. According tahe ISO/IEC 25040 standard
(2011), the stringencyepresentsthe degreeto which the evaluationquality
characteristicachievethe purpose ofhe evaluation, (2) specifyng the evaluation
(selecing quality measures, definindecision criteia for the quality measures,
defining decision criteria for evaluation), (3) desigg the evaluation (plaming the
evduation activities), (4) executing the evaluation (makimgasurements, apjihg
decision criteria for quality measuregplying decision criteriadr evaluation), and
(5) concluding the evaluation (revieiwg the evaluation result, creatinthe
evaluation report, reviewg the quality evaluation and providinigedback to the
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organization)(ISO/IEC 25040, 2011)While all the steps of the evaluation process
are very important, this paper focuses only on the #icsivity of the evaluation
process in the case of the ISO/IEC 25040, namebtablising the evaluation
requirements In thisactivity, details are given othe identificationof the priority
levels of usability criteria tbe assessed lUIs.

Accordingly, this paper is structured as followsirst, we introduce a
background othe evaluation ohdaptive user interfaseWe focus on the common
evaluation approdes ofadaptive user interfasgthe usability criteria othese
interfaces and the previousesearchstudiesin the field ofthe evaluatiorof AUIs
(Section 2). In the following, we describe the used mmuiteria decision method,
namely AHP (Section 3)After that we detail the usability criteria measurement
process adopted in thissearchi{(Section 4). Then, we illustrate the applicability
our proposain the case of an adaptiteansportatiorsystem and we discuss the
resultsobtained(Section 5).Finally, we conclude the paper with a summary and
possiblefuture work(Section 6).

2. The evaluation of adaptive user interfaces

Adaptive user interfagechange their displays armkhavioraccording to the
usefs preferences andeeds(Jamaon, 2003). h somecases, adaptivity changes
might not meet usermeeds, and this leads to a decrease in usability |&wel.
important challenge is tshow thatthe adaptivebehavior improves the interaction
with AUIs. The usability evaluation of suchterfacesis therefore of great
importance (Gena and Weibelzahl, 2Q0R) refers mainly to meeting usability
criteria (e.g., transparency, controllabilitfjhe nextsection covers the evaluation
approaches of adaptive user interfadke main usabilitycriteria, andthe previous
research workhat ains to identify the evaluation criteria for AUIs

2.1. Evaluation approaches of adaptive user interfaces

During the last twodecadesthe layered evaluation has attracted AUl research
attention with many appaches and framework&aragiannidis and Sampson,
2000; Weibelzahl, 2001; Paramythis and Weibelzahl, 2005; Paramytis2010.
The purpose othe layered evaluatiofis to decompose an adaptive system into its
layersand to evaluateach layer individually (Karagiannidis and SampsoR00Q
Paramythiset al., 2010) In the adaptive systemalled GALE (Smits and De Bra,
2011), for example, twtayersof adaptatiorexist, namely thaiser modelnd the
adaptation modelayers.The lyeredevaluation aims to identify the advantages of
the provided adaptationand to improve the performance of each layer
(Karagiannidiset al., 2001; Paramythi®t al., 2010). A large number ofayered
evaluationframeworks have been proposedAbl literature (Brusilovsky et al.,
2001;Weibelzahl 2001, Paramythis and Weibelzahl, 20@rusilovskyetal., 2006;
Paramythiset al, 2010; Manouseliset al, 2014. These frameworks differ
essentiallyin the number ofidentified layers Karagiannidis and Samps¢g2000)



Usability criteria of adaptive user interfaces111

proposed a layered evaluation approach in wkigy discern two layers, namely

(1) interaction assessment layiar which the usemaodelling process is evaluated

and (2) adaptation decisiemaking layer which tests the adaptation decision
making. Weibelzahl(2001) identified threelayerswhich include: (1)the evaluation

of the input data that validates the acquisition process of the input @atéhe
evaluation of the inference mechanismsponsiblefor the evaluaton of the
inference mechanism, and (3) the evaluation of the adaptation decision which
assessethe validity of the adaptation decisions made.

Table 1. Comparison of the adaptati@yérs otthree layered ealuation

frameworks
Karagiannidis and | /i o et al.(2001) | Paramythiset al. (2010)
Sampson (2000) ' '
Evaluation of input data Collection of input data
Interactin ) ) Interpretation of collected data
) assessment Evaluation of the interfac
e mechanism Modeling the current state o
« the world
Adaptation decision Evaluation of the Deciding about adaptation
making adaptation decision Applying adaptation

In 2010, Paramythiset al. (2010) proposed another layered evaluation
framework, suggesting the decomposition of adaptation process into figes lay
including: (1) collection of input datén which data about user interacti@me
collected, (2)interpretation of the collected datahich validate the collected
information (3) modelling the current state of the world in which an explicit or an
implicit representatiorof the users is carried out, (4leciding upon adaptation
which refers todecisionsabout the adaptation strategy tbe appliedgiven the
current user modehnd (5) aplying adaptatiorin which the adaptation decision is
applied based orthe related decisions. Table 1 illustrates the differences and
relations of the decomposition layers proposed by the layered frakepvesented
above

In somecasesthe evaluation of individual layers may not be feasible due to
some unavailable resourcg®aramythiset al., 2010) For instance, certain
constraints should bavailable in order to evaluate each layer separately sutle as
available timeand the available budgefor conducting an AUI evaluatioretc. In
such casg the evaluation of AUIs has to consider the whalgaptive systenn
which the adaptive system is consideredoas block (Paramythiset al., 2010).
Thus, itis not possible to determine in which stage of adaptationptbélem
possibly existsA number of usability criteria that can lassessed ithe whole
system as well ai& any of the individual layers exidh this research, we intend to
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identify the prority levels of usability attributesusing the AHP method. The
proposed approactan then be used wguide evaluatorsto determine the relative
importance of usability criteria antb improve the evaluationof the AUIs of
informationsystems

2.2. Usability criteria of adaptive user interfaces

Usability representss combination of differentriteria (Nielsen, 1993) There
exists few models of usability that define the usabildyiteria to be measured in
adaptive user interfaces. In each proposition, certain factors characterizing the
usability of AUIs are defined (H66k,2000; Jameson2005 2009). Ho6k (2000)
pointed out thefollowing usability criteria for adaptive user interfac@sable 2)
controllability, predictability, tansparency, trustnd privacy. Accating to Jameson
(Jameson, 2003, 2005), five usability challenges are to be consideredsinThltkee
of these challenges are generic foteractive systems, namely predictability,
controllability, and unobtrusivenessnda two of them are especially relevant to
adaptive user interfacethiese includgrivacy and trust on the ofand andbreadth
of experience on the other one.

Table 2 Description of usabilitgriteria for adaptive user interfase

Usability criteria Desciption

The ability of users to understand the circumstances under which

Predictability the adaptaon takes placé€Jameson, 2003, 2005)

The degree to which users can control the adaptations

Controllability (Ho6k, 2000;Jameson, 2003, 2005)

The behavior of thAUI that can prevertheusers from
Breadth ofexperience experiencing the full range of alalile functionalities
(Jameson, 2005, 2009)

The degree to which the adaptation can be applied with respect to

Unobtrusiveness the uses’ main interaction context (Jameson, 2005)

The degree to whicthe usersinformation is appropriately

Privacy and trust protected H66k, 2000; Jameson, 2005)

Transparency The capacity of ilsto understand adaptation (H66k, 2000

Later, in 2009, Jameson (2009) extended the mentioned challenges mto nin
“usability side effects” of AUls. Jamesaors list includes predictability and
comprehensibility, controllability, privacy, breadth of experiencejngmneed to
switch applications or devices, need to teach the system,foeézhrning by the
user, andmperfect system performance (Jameson, 208%umber of criteria are
general and can be applied to the whole adaptive system, as weethast or even
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all layers such agrivacy and trust, transparency, etc. (Paramygtisl., 2010).

Other criteria are more specific and can be applied only to particular layers. One
example of such criteria is unobtrusiveness, which is expected fapbedaonly to
applying adaptationayer proposed in (Paramyth& al., 2010). In this research
paper, the focus is on the common usability criteria specific to the adastve
interface field. In Table 2, we present the considered usability criteriahaid t
descriptions.

2.3. Previous Studies

A number of researchers have attempted to evaluate adaptive user isterface
(Tobar,2003; Tarpin-Bernardet al, 2009; Paramythiset al, 2010).In 2003, Tobar
(2003)proposed théirst tool to guide thddentification ofevaluationcriteriag, called
the Extended Abstract Categorization MapAEM). E-ACM aims to determine the
specific adaptation features that need to be assessed, to establish critér@ for
assessment, and generate evaluation plans on this basis. A \Wased tool, called
AnAmeterwas presented byarpinBernardet al.(2009)to evaluate the quality of a
systems adaptation. AnAmeter guides evaluators in the identification ofitbiald
score for the adaptation degree of AUIls. Another framework was proposed by
Paramythiet al. (2010); it guides the layered evaluation of adepuser interfaces.

This work presents a revised version of three previous layered ewoaluati
frameworks of Weibelzahl and Lauer (2001), Paramytisal. (2001), and
Brusilovsky et al. (2004). The authors summarize the evaluation methods and
criteria usd in the layereevaluationfocusing on formative evaluation.

Table 3.A comparison of the mentioned evaluation frameworks
for adaptive user interfaces

AnAmeter

E-ACM (Tarpin-Bernard Paramythis
(Tobar, 2003) & ";L 2009) et al.(2010)
Orientationin the identification of
adaptation features to be assessed in % X X

AUls

Orientation in the identification of
usability criteria to be assessed in
AUIs

Identifying the priority levels of
usability criteria

Generation of evaluation plans x x
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The abovementioned works do not provide the same level of guidance to AUI
evaluators. The majority of them focus only on specific adaptation fedhateseed
to be assessed and not on the usability criteria to be considered across layers.
AnAmeter for example TarpinBernardet al, 2009), characterizes adaptivity in
order to determine the adaptation aspectsribatito be evaluated. A limitation that
can be mentioned also is the lack of a methodology for identifyingritty levels
of usability citeria that need to be assessed in imle adaptive system and in
individual layers. To the best of our knowledge, thiwes not exist any proposals in
the AUI literature that address this topic. Those motivatiawelead us to propose
an approach whh aims to identify the priority levels of usability quality sub
characteristics (usability criteria), considering the ISO/IEC 2504@dstrd and
based on AHP. Assigning relative weights allows evaluators to deetime level
of importance of usability riteria in specific evaluation contexts and to evaluate
AUls based on these criterifiable 3 lists theabovementionedevaluationworks,
and presents some features of each one.

3. The Analytical Hierarchy Process

The Analytic Hierarchy Prass (AHP) is amulti-criteria decisiormaking
methodproposed by Saaty (1980).i#t usedto make decisionsin order to choose
the best alternativewhen conflicting andmultiple criteriaare presentAHP is
considered as an effective method to deal with complicated decision pscihees
it reduces complex decisions to a series of-p@e comparison€ne advantage of
AHP is that it is simplé¢o use. For instance, @nly requires the comparison wio
elementsto each other without building a complex expert syst&aaty, 1980Q)
AHP allows decision makerso deal with both qualitative and quantitative criteria
The AHP methodis based orsix essential stepSaaty, 2008

— Structuringthe decisionproblem elementsinto a hierarchyof goal criteria,
sub-criterig and alternatives

— Construcing a set of pahwise comparison matriceshe elements are
compared usingaatys pairwise comparison scal€1980, asshownin Table 4.
The pairwise comparison matrix (A) ilustratedin Equation (1)

1 aqp w. dAqp
A= 1/a12 1 .1.. Ayn (1)
1/an1 1/an2 e 1

— Calculating theeigenvectotin order to determine theriority weightsfor the
different criteria In this step, the column entries are normalized by dividing each
entry by the sum of the column. Then thesrall row averages are considered

— Determining the priority weights of alternatives with respect to @iter
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— Calculating the Consistency Index (Cl), as in Equation\{#)ere n represents
the matrix size andl . is the biggest eigenvalue of matrix A

CI= (Amaxn)/(n-1) @
— Verifying the Consistency Ratio (CR) in order to validatel determine the
acceptance ahe weights. If CR < 0.1, then the obtained weights are acceptable. If

CR is more than 0.1, then the results are inconsistent and the judgmest be
repeated (Saaty, 198@onsistency ratio is computed as in Equation (3).

Table4. Fundamental scalef relative importancéased on Saaty (1980)

Numerical

. Description Explanations
rating
. Two elementgontribute to the objective with
1 Equal importance
equal relevance.
3 Moderate importance An element islightly moreimportant than
oneother
5 Strong importance Judgment strongly faveone element over
another
7 Very strong importance An element is strongly importatttan
another
. The compare@lements favored over
9 Extreme importance
another
2468 Intermediate values Used to represetat(_:ompromlse between the
abovementioned preferences

CR=CI/RI (3)

Table5 illustratesthe RandomridexegRI) with dimensions from 1 to 10.

Table5. Random consistency index table

Size of matrix(n) 1 2 3 4 5 6 7 8 9 10
RI 0 0 [0.52/0.89|1.11|1.25|1.35|1.40| 1.45 | 1.49

4. Proposal for deter mining the priority level of usability criteria

Due to the multiplicity of usability criteria to be assessed in each layenadhd i
whole adaptive systemit is essential to determine the usabiligteria that are
necessarily measurable inspecific situationin order to fully asses them As
already presentethe aim of this research is to prop@seapproach for prioritizing
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the usability criteria to be evaluated iradaptive systemsnd their layers. The
identification of usability criteria is embedded in a broader view treateithen
evaluation process defined by ISO/IEC 2502011).

As shown in Figurd, this standard demands that the evaluatiacgss follows
five activities. The process begins witkestablishinghe evaluation requireméntin
this activity, the purpose cAUI evaluation is clarified. Then, ttifferentlayers are
identified. It should be noted that not all adaptive systems have the same number of
adaptation layers and that not all layers can be evaluated individually in all
evaluation context§Paramythiset al, 2010) Then the usability quality sub
characteristics (criter)aof AUIs and their priority levels are identified. According to
ISO/IEC25040 standard(2011) this task involves also the selection of
characteristics to consider in the identification of criteria and the stalerhold
involved in the evaluation procesBor instance, the determination of usability
criteria should be based on different constraints such as evaluatigetbadd
purpose of the evaluation, e(¢SO/IEC 25040, 2011)n the present study, the aim
is to determine the usability criteria thaen to be evaluated in each layer and in the
whole adaptive system along with their priority levels. For this readen AHP
method is used to prioritize and weigh the usability attributes based &eetiEack
from the evaluator on the context of use factors and the available constraints.

| Establishing the purpose of AUT evaluation ]

Establishing the |

= < Defining the adaptation layers of AUIs ]
requirement of evaluation

|Idpnlif_\'ing11&11)i|it_\'qm|it_\' sub-characteristics for AUTs ]:_ Foous of this

paper

| Defining the decision criteria for evaluation ]

Specifying the evaluation

}‘iolﬂ‘ting suitable usability evaluation methods for AUTIs l

Designing the evaluation | Planning activities ]

Running the experiment

Executing the evaluation ;
g Collectingrelevant data

Concluding the evaluation Reviewing quality evaluation of [AS

Creating the final evaluation report

S N e i

| Reviewing the evaluation result

Figure 1. Process to evaluate the usabilityaafaptive user interfasgnspired
fromISO/IEC 2504Gtandard(2011)
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The choice of AHP was motivated by its simplicity of use and its ability to
prevent subjective judgment errors, allowing to provide a measure ofribistemcy
in judgments. Another reason for choosing AHRh&tit makes it possible tsort
out the elements according to their contributioratthievethe main objective. The
resuts gathered from the lasictivity and the considered evaluation constraints are
used as input for thespecifying the evaluatidractivity.

In the thirdactivity, called “designing the evaluatidnthe usability evaluation
methods are chosen and the evaluation activities are pladegiithe evaluator has
to identify the AUIs requirements that have been implemented tarekecute the
functional test case in order to check if the results argpected.

Finally, in the “concluding the evaluatidractivity, the results of thevaluation
are checked and an evaluation report is produced. As already mentioned, the focu
of this research is on oreticity of the usability evaluation process of adepuser
interfaces, namelyestablishing the evaluation requireméntbe tasksdeployed in
this activity of the evaluatioprocessare presented in the next section.

4.1. Establishing the objective of the evaluation

The usability evaluation ofidaptiveuser interface depends essentially on the
context within which it is used. Before an adaptiser interfacds evaluated, the
evaluatorneed to identify the aspects related to the corgeott use having an
impad on the usability evaluatiorin this task the objective and the planning of
AUl evaluation are determined. Theaduator has to answen questionnairgo
ascertainthe constraintsof the usability evaluatiorof the interactive adaptive
systems

4.2. Defining the adaptation layers of adaptive user interfaces

In this task the different layers to be included in the evaluation have to be
identified. It should be noted that not all adaptive systems have the saptatiada
layers and not all layers can be evaluated individually at &ieus stages of the
developmenprocess anh all the evaluation contexts (Paramytiisal.,2001) For
example, thesollection of input datdayer proposed by Paramythas al. (2010)has
not been addressedtime evaluation studies of certain adaptiystems.

4.3. Identifying the priority level of usability criteria to be evaluated

It is a challenging task to identify thesability factors to be evaluated fhe
interactive adaptive syster@epending on the context in whitle user interfaces
are usd, a usabilityattribute may be more important thire otherones(Bevan,
1995) The priority levelsof usability criteria to be evaluated the AUIs depend
essentially on the adaptive system, the context of use, and the gtioposhich
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usability is described. The main contribution of ttaiskis to select and determine
the level of priority of usability factors. A multiriteria decision analysisnethodis
suitable for this aim since it resolves a maliteria decision problemWe,
therefore performan analysis of the context of use factors against usability criteria.
It should be noted that this mapping is not always a straightforwskdstace the
AUI literature provides few guidelines that can assist towards this Texiide 6
showsexamples otthe mapping of some context of use factors with the usability
criteriaof AUIs.

Next, the evaluator has to performpair-wise comparisons of criteria and
alternatives, based on his/herpreferences andexperience. The pairwise
comparisons are conducteding the scale proposed by Saaty (2088)a result,
the level of importace of each usability attributis obtained. This camssist
evaluators in deciding which usability attributes meet the most tanmousability
characteristics of the adaptisgstem The next section presents an application of
our proposal in order to illustrate its feasibility.

Table6. Association betven some usabilitgriteria and context of use factors

Usability criteria (Jameson, (Jameson, (ISO 9241
y 2003) 2009) 110, 2006)
Speed of dialog X X
. Suitability for
Controllability | yidualization X
Error correction x X X
Conformitywith user x
) N expectations
Predictability —
Success at specific x y x
subtasks
Self-descriptiveness X
Transparency] Number of users able
to access to unavailable X X
data

5. Case study

An application of the proposed approach is presented in this sdttmmcerns
an adaptive \WWb-basednformation systenin the field oftransport.The aim of this
researchs to identify the priority level of usability criteria in a specific layerttod
consideredystem.
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5.1. Procedure based on the | SO/ EC 25040 Standard

In this section, we describe the procedure followed in the experimengdbe
“establishingthe evaluation requireménactivity using the proposed approach. A
characterization of thiactivity is performed in thre¢asks basé onthe ISO/IEC
25040 standard (2011)

5.1.1. Establishing thebjectiveof evaluation

A detailed analysis is conducted to determine the contéxtseof the adaptive
information system (e.g., users, taskand environmental characteristics). In this
case study, an adaptive system caldgnteliTransportis consideredThe given
adaptive system tailors the interfaces in such a way as to present ondjetrant
information about the itinerary. It allows travelers to choose the itindnatybest
fits their preferaces based on different criteria. Examples of those criteria are: low
cost, mostcomfort, low trip duration, etcMyinteliTransport adapts also the
presentation of interfaces according to the used devices (i.e., PC, Smejt@ch
systems appear progsdgely in the field of transport (Brossaret al., 2007;
Ezzedinect al.,2008; Kolski, 2011Souiet al.,2012).

Figure 2a illustrates a partial screen of an interface of the adagthaportation
system. Figure I2 shows the same interface after firecess of adaptation on a
Smartphone.

b)
Figure 2 Partial screenof the adaptivanformationsystem a) in transport domair
b) after an adaptation on a Smartphone
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5.1.2. Defining the adaptation layersaufaptiveuser interfaces

In the following, the layers of the adaptive systemiderconsideratiorshould be
determinedThe adaptation process of the considered adaptive information system is
centered on the decomposition model of Paramythéd. (2010). In this case study,
we determine the priority levels of usability criteria of a specific tdmm layer,
namely deciding upon adaptationAccording to Paramythiet al. (2010) the
deciding upon adaptatiotayer refers to the decision taken in order to apply the
suitable adaptation strategy on the adaptive system.

5.1.3.ldentifyingthe priority level of usability criteria to be evaluated

After the determination of thedaptatio layers of the adaptive systemwhat is
neededs to identify the usdility criteria to be evaluated in the selected laydre
process starts with modeling the hierarchy tree based on the decisitenpréhe
hierarchy refers to a relation between elements on one level with thdse leiél
immediately belowAs illustrated in Figure 3, ¢hreelevel hierarchical structure is
built, based on the overall goal of the problem, namely the “identifyiagpriority
level of usability quality sulcharacteristics”. The first level of the hierarchy
contains this goal. The middle level explains a group ofs@mtiriteria that achieve
the goal. These criteria are related to the specificities of the considered adaptati
layer. The last level of the hierarckydecision shows the alternatives. In this
researchthe alternatives represent the usability critéoiaadaptive useinterfaces
based on (H66k, 2000; Jameson, 2003, 2005, 2009).

Identifying the priority levels of usability quality ‘ Goal

sub-characteristics (Level 1)
l l | ! |
i ; ity wi Criteria
bl Suitability of tasks ||  Error tolerance Ada.pt.a N Conform:tv “".th UMP.“M "
measures timing users'expectations || pleasant discoveries | (Level 2)

Breadthof | Alternatives
experience {Level 3'

Transparency | | Privacy and trust | | Unobtrusiveness ||  Predictability Controllability

Figure 3. Hierarchical structure of the identification of the priority lesel
of usability criteria
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For the deciding upon adaptatiofayer, a number of usability criteria rcdoe
considered (e.g., predictability, privacy, transparenbygeadth of experience,
controllability, unobtrusivenesskde Table 2). Each usability criterion can have
some different perspective than the same one adopted in another layer. Fadegxam
predictability refers to the usembility to predict what the effect of his/her actions
will be on the systefs decisions (H66k, 2000Rrivacy and trusteflectswhether
the adaptation may potentially disclose information about the user to ctier. u
Controllability refers to the us&s ability to control which decision is taken
(Paramythiset al, 2010).Breadthof experienceefers to thebility of the systemto
allow users to make unexpected pleasant discoveries (Ho0k, Z0803parencys
relatedto the awareness of users about why a specific adaptation has been chosen
(Jameson, 2005Unobtrusivenests related to the user approval of system actions
that are not really needed (H66k, 2000).

Following the construction of an AHP hierarchy, théatige weights of each
criterion and each alternative are to be determined by using AHP. The evaduator i
asked to perform paivise comparisons among the criteria such as “How much
more important is a row criterion than the column criterion in rankingisiadility
criteria?. Table 7 shows the comparisons of scale ranking for the-pie
comparison of the decision criteria obtained on the basis of' Saale (2008).

Table7. Pair-wise comparisomatrix of decision criteriaand their relative weights

o %] ) c
2L 29|68 8 258 | 85_|58 ¢
282252 8555 528 82|82 5
X3 SX | ¥3|Ifo| ES O gE | =8 o
252 55 |cz|Yg| §E2 8= 28 =
5%35 0 ° &8s 2| 3375 | < a
Unexpected | 3 | 4| 5 3 5 2 10325
pleasant discoveries
Suitability of tasks| 1/2 1 2 3 3 4 1/2 |0.161
Adaptation e |12 | 1| 2 12 3 | 13 0086
awareness
Errortolerance 1/5 1/3 1/2 1 1/3 2 1/4 |1 0.086
Conformity with 5 1 45 | 5 | 3 1 3 | 12 0089
user expectation
Adaptation timing | 1/5 /4 | 1/3 | 1/2 1/3 1 1/4 | 0.089
Protection measures 1/2 2 3 4 2 4 1 /0.215

The pairwise comparisons are performed in order to justify the impoetaf
the decision criteria and alternatives. For each set ofwisér comparisons, a



122 |ISI. Volume 22—n° 4/2017

consistency ratio is calculated. In this case study, the consistency natibefo
criteria is 0.074, which is smaller than 0.1. It can be inferred that tinevjse
comparson done by the evaluatordensistentso the results are acceptétxt, all

the alternatives are compared with respect to each decision criterionmasoh
compares each criterion with the different alternatives. Téblows an example of
evaluaton of the alternatives with respect to thaexpected pleasant discoveties
criterion. We explain the choice of some numerical rate presented in Bable
Consideringbreadthof experience and predictability alternatives; we give 5 as a
value to thebreadh of experience compared to the predictability, which means that
breadth of experience is much more important than predictafulitthe decision
criterion“unexpected pleasant discovetieBhe main diagonal elements of the pair
wise comparisons matrixeequal to 1.

5.2. result and discussion

In the final task of establishing the evaluation requireniernihe overall ranking
is obtained. This is achieved by multiplying the factor weight for eaisidn
criterion by the alternatives. The usabilityiterion receiving the highest weight
score have to be evaluated in the first position. After evaluating all ditemavith
respect to the rest criteria, the comparative analysis resulting from AtéPris of
weights is obtained (Tab®.

Table8. Pair-wise comparison matrigf alternatives with respect tmexpected
pleasant discoveriexiterion and their relative weights

3 > é
c £ S =8 | 2 =)
o o g o = < B 12}
I © ‘D £2 >0 < 5
g © | 2 88 g2 & | B
= = ] g 2 ko =
I c x = ()
E | 8] 2 %% & a
o 5
Transparency 1 1/5 3 1/6 1/4 1/2 | 0.068
Controllability 5 1 6 1/3 1/2 2 0.176
Unobtrusiveness 1/3 1/5 1 1/9 1/5 1/3 0.032
Breadh of experience 6 3 9 1 3 5 | 0.433
Privacy and trust 4 2 3 1/3 1 2 0.207
Predictability 2 1/2 6 1/5 1/2 1 0.094

From this study, it is deduced that among the usability criteria, thé mos
important one is the breadth of experience which has a ratio@@. This means
that breadth of experience has to be assessed firstly in order to verdysifsterts
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adaptivebehavior can prevent the travelers from experiencing the full range of
available functionalities of the adaptive transportation system. The dsenost
important usability criteria to be assessed is controllability, with a pritaiel of
0.18. This canbe explained by the importance to assess the’usigifity to control
the decision taken. The results put transpare@cy/) in the third position. It can
be explained by the importance to verify the usémsst in the transportation
systems adaptivebehavior.UnobtrusivenessO(172), privacy and trust (@57) are

in the fourth and fifth positions, respectiveredictability has the least priority
level (0.08) (Table 9)*. The prioritization results will help evaluators to decide
which usability attribute is more important than the others. THads to having a
clear goal in mind while evaluating the identified layer. For instancduators can
use the obtained weights to focus on the usability criteria that have to bateudal
in priority.

As already mentioned, when a conflict in the evaluation process arises, the
prioritization results will assist evaluators to decide which usability critésionore
important than the others in a particular context and will guide theiagi@h of
adaptiveuser interfaces and their layers, based on these weights.

Table9. The weighting coefficient of alternatives

O (%) c 0 c| < »
22 29| 58 8125285 _| 58| u
o 8o =8 = c sc |E0® B2 83 =
on s> 9@ S o Oacg (555 S| 9a =)
o ®©S o = S5 |28 2| € )
223 35| S5 | Ug 558 85 g¢g 2
52 2
) Eo] n gL @®© = Ogé < a €
Transparency 0.058 | 0.149 0.43 0.038 | 0.069 | 0.071| 0.387 | 0.1

Controllability 0.176 | 0.055 | 0.039 | 0.382 | 0.412 | 0.246 | 0.146 | 0.180

Unobtrusiveness | 0.032 | 0.465 | 0.244 | 0.067 | 0.039 | 0.039| 0.258 | 0.172

Breadth of
experience

Privacy and trust | 0.207 | 0.206 | 0.135 | 0.094 | 0.130 | 0.383 | 0.040 | 0.157

0.433 | 0.032 | 0.089 | 0.271 | 0.249 | 0.158| 0,061 | 0.218

Predictability 0.094 | 0.0 0.063 | 0.148 | 0101 | 0.1 | 0.1 | 0.098

Once decisions have been made regarding the usability criteria of the considered
layer, the next challenge to tackle in the evaluation proces$spiscifying the
evaluatiori. In this activity, it is important to choose the appropriate usability
evaluation mthods. A variety of usability evaluation methods can be applied to
evaluate the adaptation layers and the whole adaptive user interfaces A@#a,

1. The experiment was done with the assistance of the software pagkpge Choice
(http://vww.expertchoice.com/)
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Gena and Weibelzahl, 2007; Van Velsdral.,2008;Mulwa et al, 2011;Dhouib et

al., 2016a). Each one has its advantages and disadvantages and may be more
appropriate for the considered evaluation settibgw(iibet al.,2016a). The choice

of the best evaluation methods depends on the system development phase, th
evaluation criteria to be assessed, and the characteristics of the laysr und
consideration.

6. Conclusion and future work

The usability ofthe adaptive user interfaces of information systems is of great
importancesince it aims to ensure thtdte AUIS’ adaptive behavior improves the
interaction withthe userslt consists of a combination ofiteria The impact of each
one may vary frononelayer to another during the usability evaluatiorttef AUIS.

The identification ofthe usability criteria for idividual layers andor the whole
adaptivesystemis a challengingtask. This paper presents possible directions to
address this issue by identifying the usability criteria and their prideirgls,
considering the ISO/IEC 25040 standartle AHP aid mettod is used to prioritize
and weigh the usability criteria to consider in specific evaluation gtté his
researchllustrates the usef the AHP method in determining the priority levels of
the criteriato assessn a specific layer of an adaptiWeb-based IS irthe field of
transportlt corresponds tdeciding upon adaptatiolayer.

Future workwill investigate the usef the AHP method to identify the priority
levels of usability criteria of the rest of the adaptatmyerssince we have focused
only on the determination of the usability criteria of ttleciding upon adaptation
layer. It should be mentioned that the choice of usability measures deperitie
contexts of use that may influence the usability and the adaptation layds un
considerationWe intend also to ilude the opinions offield experts in order to
validate thdfinal results.

In this researchwe have focused only on the common usability criteria for
adaptive user interfase It should be noted that trevaluation ofadaptive user
interfaces should take into account both the usability criteria of the interfat¢he
correctness of the adaptive solutions. Further work shibeld be pursueth order
to focus on the adaptatieapecific criteria (e.g., appropriateness of adaptation).

Future workwill concentrate on using the finedsultsin order to exploit them in
the nextactivity of the evaluation process, considering the ISO/IEC 25040 standard.
We intendalsoto turn our attention to the netaskof the AUl evaluation process,
namely “selecting the suitable usability evaluation methods ddaptive user
interfaces”. In thistask we intend to identyf the appropriate UEMs that can be used
for the evaluation of the identified usability criteria. In our previousks (Dhouib
et al.,2016a 2017), some guidance towards this end has been proposed. We intend
to improve those workby integratingthe priority levels of usability criteria in the
evaluation ofadaptive user interfase
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	The ability of users to understand the circumstances under which the adaptation takes place (Jameson, 2003, 2005)
	Predictability
	The degree to which users can control the adaptations(Höök, 2000; Jameson, 2003, 2005)
	Controllability
	The behavior of the AUI that can prevent the users from experiencing the full range of available functionalities (Jameson, 2005, 2009)
	Breadth of experience
	The degree to which the adaptation can be applied with respect to the users’ main interaction context (Jameson, 2005)
	Unobtrusiveness
	The degree to which the users’ information is appropriately protected (Höök, 2000; Jameson, 2005)
	Privacy and trust
	The capacity of users to understand adaptation (Höök, 2000)
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