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Abstract—E-learning is increasingly integrated in the socigt
culture and in business world via e-university ande-training.
Goals, needs, characteristics of learners are verglifferent.
Indeed, providing adaptive system is critical for he e-learning
sustainability. Nevertheless, many recent studiesalie shown
that, on one hand, adaptivity is concretely deficit in e-
learning systems, on the other hand, specific meawss are
strongly lacking. In this paper, a measurement framework is
proposed to assess adaptivity performance focusingn
adaptation methods alignment with usage and businsdactors.
The measurement generation process is described.

Index Terms—adaptation methods,
business factor, usage factor.

alignment, e-learning,

I. INTRODUCTION

Adaptive Web-based education is a transversal domai
which integrates e-learning, adaptivity, hypermediad
World Wide Web fields. It aims to guaranty the imfation
society; that is, information for everyone and gwdere.
Stakeholders in e-learning field are extremely edight
consequently they have various and changing néedsed,
providing adaptive systems is critical for the arléng
sustainability.

Statistics indicate that two thirds of developedtive
Web-based hypermedia systems are being appliedhein t
educational area [6]. Many recent researches hhoers
that current adaptive Web based learning systenas ar
lacking adaptivity [14][13] [8]. Moreover, it is of great
concern that too much of the online education Kzt been
offered so far has been transient, unsuccessfufanilom
sustainable [16].

As Brusilovsky states in [8], given the large skéxisting
techniques and systems, evaluation of adaptiveesyssand
improving them is becoming more important than irtireg
new techniques with questionable benefits.
evaluations are being conducted in adaptive e-legrield,
theoretical and empirical ones. Results of thesearches
are quite subjective. In fact, there is much delmatehow
adaptive hypermedia applications should be evadusitece
there is no standard or agreed measurement frarkefaor
assessing the value and the effectiveness of aotapta
yielded by adaptive systems [15]. Furthermore, tdap
hypermedia systems are lacking specific adaptatietrics
[12]. Many interested facets can be consideredhfeasure
within an adaptive Web-based learning system. Hense
are mainly interested with meta-adaptation level.

As presented in [5] [6], various adaptation methads
available. One adaptation method cannot be suitmbk!
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situations [22] [21]. Accordingly, meta-adaptatiois
certainly a real necessity in adaptive hypermedgistesn.
Indeed, adaptivity performance is strongly relatéal
adaptation methods selection. In this work, a measent
framework is proposed. Adaptivity is consideredcading
to both usage and business scales.

In the subsequent sections, firstly, adaptationhoas are
introduced. Secondly, measurement framework coctsbru
approach is described. Finally, specific adaptivitgtrics
are proposed.

II. ADAPTATION LEVELS & METHODS

Adaptation systems aim to provide personalizedicesv
to the users. Systems that allow the user to chaegain
system parameters and adapt their behaviour acaydire
called adaptable. Systems that adapt to the users
automatically based on the system’s assumptionataiser
needs are called adaptive [19]. The whole spectofm
concept of adaptation in computer systems [20]ustrated
in Fig. 1.

Adaptive Adaptable

| | | 1
System initiated ~ System initiated  User selection of UseT desired User initiated
adaptivity (No adaptivity with adaptation from adaptatbility adaptability (No
user control) pre-information system supported by tools system
to the user suggested (and performed by initiation)
about changes features the system)

Fig 1. Spectrum of adaptation in computer

Meta-adaptation problem is related to timing styae
which are a sensible candidate for being adaptadidering
the user’'s individual and possibly changing acosqa
border for interruptions by adaptations. The isstigvhich
items should be automatically adapted by the sysiech
which others that should be left to the user’s @an$ quite

Several challenging. Moreover, how items should be adapteds

us to consider the effectiveness of the adopteghtatian
methods. The question can only be countered wipa&t to
the particular user needs. Specific measures camg br
guidance to the selection of adaptation methodstwhaie
suitable to the adaptive Web-based learning sybigsmess
and usage context.

. MEASUREMENT FRAMEWORK CONSTRUCTION
According to Fenton [11], measurement is the proadss
which numbers or symbols are assigned to attribofes
entities in the real world in such a way as to dbscthem

according to clearly defined rules. Any measureniy as
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good as its capability to reflect our intuitive @mstanding ofgathered form the system use assesses the aligrdegrae
the phenomenon that is being measured. Consequeiitty learner needs. At the business side, the sysisage
constructing a measurement framework to evaluatptad should be an operationalization of business g@adst control
web-based learning system at a strategic level ldasety should be carried out to verify the sustainabildly the e-
associated to an understanding of the adaptatiothauéearning process. Strategic level encapsulatesnpignand

interaction flow: inter-relations, inputs, outpuésc. selection actions, consequently business requiremeine
basically collected at this stage. Adaptive e-leaynsystem
A. Strategic level interaction flow evaluation and improvement at a strategic levéladuced by

assessing adaptation method alignment degree witth b
More and more universities and companies are isgrgdgusiness and usage views.

their investment in e-learning solutions. Howeweilearning In order to generate specific metrics for the atigmt
efforts are not usually aligned to key organizationbjectivesmeasurement, we propose to consider meta-modelacih e
[1]. Accordingly, dealing withhusiness factor is a key issue fimeviously considered views. Meta-model mappingstiated
adaptive e-learning systems evaluation. On therotiand,in [10] [24] [2] allows meta-model comparison. Me# are
adaptivity effectiveness could not be assessed owithlicited by studying the correspondence betweesetheeta-
considering the system at a usage conteeindd,the usagemodels. In the following section this issue is deth
facet is the second factor that we propose to dendiereinthoroughly.
Fig. 2 illustrates thenformational flow throughout adaptation

method view, business view and usage view. B. Meta-models mapping
Control cost efficiency Firstly, as described in Fig. 3, we propose the pAatéon
Method Meta-model (AMM). The latter describes, &gt
Operationalize goals adaptive system side, adaptation method targetslicajion
¢ Requiremen Adaptation rules | constraints and method characteristics. On therdthed, a

. . basic business process meta-model is illustratée: Tsage

| Business |_’| Adaptation method I_’| Usage | meta-model presented herein is based on adaptitemzdel
4 4 4 proposed in [9] and [17]. The mapping is expredsgdneans

of correspondlink defined in [10]. It inter-relates similar

Alignment degree Alignment degree notions that belong to different meta-models. Magpi
] ) ) between AMM meta-model and business process metkeimo
Fig 2. Informational flow throughout adaptation method, shows a correspondence link among cost and goénsot

business and usage views Alignment between the two views should be considénethe

measurement framework. Furthermore, alignment batwe
learning concept and navigational link proposethatmethod

. . . ... level and these ones adopted or assessed at the leseel
Adaptation method selection affects directly: thiagtivity o1 14 be tackled too P b

degree provided to the learner, presented leameisgurces, as
well as link navigation. The adaptation is effeetby means of
adaptation rules which applied at a usage stagedibaek
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Fig 3. Meta-models mapping among adaptation method, wmadjdusiness

C. Measurement framework representation is described by Factor-Criteria-Metrics (FCM) modalich
was first introduced by McCall [18] and Boehm [3Jhis
Quality models are the first representations of approach is mentioned throughout the whole software
measurement framework in software engineering area.engineering measurement literature. FCM models are
These models aim at describing complex qualityedatby usually constructed in a tree, where the upperdes hold
breaking them down into more manageable sub-aiteri high-level quality factors. The latter’'s are compdsof

Such models usually organize quality attributesairiree lower-level criteria. These criteria are easiemtwerstand
with an abstract quality attributes at the top andre than the factors themselves. Afterwards, metrice ar
concrete ones on lower levels. The values detedrtiyethe proposed for them.

measures are then aggregated towards the roog dfgé to Fenton pointed out in [11] important questions tsladuld
obtain values for higher level quality attribut&bis concept be answered before carrying out a measurementgsoce
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1. Why shall be measured?

2. What entities and attributes shall be quantffied

3. When shall the measurements be made?

4. How shall be measured, that is, with the helpvbich
tools, collection and analyses techniques, and winall
perform it?

Basing on previously described principles the messent

framework for the evaluation of adaptive Web based

educational system at strategic level is proposed.

IV. MEASUREMENT FRAMEWORK AT STRATEGIC
LEVEL

As mentioned above we have defined two factors

learning session. Non-alignment between the twassid
goals can be consequently detected.

How? Questionnaires and interviews can be used to dollec
customers’ opinions about their goal satisfactigntie e-
learning system.

When? This metric can be measured periodically as
advocated in agile methods which are customer-edntr
approaches. Because established processes malyjbeet sa
alignment or improvement, the strategic view stigmglies

on the comparison of software measures of diffepeniods

in time [4].

B. Customer cost efficiency

according to them adaptation methods are evaluated: Why?A main issue that limits e-learning market growgh i

Business and usage. Each factor has related aritétie
latter are associated to metrics which allow to suea
alignment degree between adaptation method anthtier

facet. As shown in Table. I, six metrics are praubs
Accordingly, why, what, how, when questions areveared

for each considered criterion in the subsequeriicsex

Table |. Metrics to evaluate adaptive method alignment to
business and usage context

Factors Criteria Metrics

Business Customer Goal Customer satisfied go

rate

Customer-Return-On-
Investment (C-ROI)

Customer Cost
efficiency

Provider Return-On-
Investment (P-ROI)

Provider Cost
efficiency

Usage Learner Acceptar Learner acceptance le

Mean Absolute Error
(MAE)

Inference
correctness
Appropriateness  Adaptation method
appropriateness rate
(AMAR)

A. Customer goal

Why? Customer goal is a critical criterion that should b
pointed out in the evaluation process. In many case
learning market has failed to meet market expewiati
Consequently, understanding customer goals andsisge
at which extent adaptive Web-based educationaésystre
adapted to them is very important.

What's metric?We propose to considesatisfied customer

customer’s uncertainty about investment costs redog
and measurable benefits achievement when adoptielg- W
based learning. Cost efficiency assessment care duidh
customers and e-learning designers in strategidgsidac
making.

What's metric?Mainly adopted metric to analyze cost
efficiency is Return-On-Investment (C-ROI) [23]. this
context, we define Customer Return-On-Investment (C
ROI). This metric utilizes the percentage of thé lmenefits
over overall costs. The net benefits are stronglgted to
goal satisfaction. It is crucial to convert goalisfaction to
monetary value in order to get an accurate andileed
result.

How? Cost efficiency should be assessed with
guestionnaires, interviews and expert review. These
techniques can be used simultaneously or separately

When?This criterion should be estimated throughout both
formative and summative evaluation approaches. ther
former case, a predictive evaluation can be adogtethg
specification or design phases. For the lattethatend of
the learning session and periodically after thahdiit value
could be assessed.

C. Provider cost efficiency

Why? Cost-efficiency of e-learning programs has been
increasingly important since many several studa®aled
that cost is the key obstruction for successful
implementation of e-learning.

What's metric?Cost efficiency as mentioned above is
analyzed by means of ROI metric which utilizes the
percentage of the net benefits over overall costle
propose to consider the overall cost as equalsiaptation
method cost besides learning resources cost.

How? As described in the previous section data related t
cost efficiency can be gathered by questionnainésiviews
and expert review.

goal rate as a metric to assess at which extent adaptive When?As financial aspect is decisive at the provideesid
Web-based learning system are aligned to the custom this criterion should be periodically estimatedadrder to

goals. A mean of alignment degree between custgoals

and adaptation method goals is measured all over th
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detect success or failure situation.
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D. Learner acceptance

Why?Adaptation should be perceived by learner as a
natural process. Therefore, if he/she feels toplexdson or
constrained to learn a given concept or to regearacular
link, then the adaptation method is not acceptelkasner.

What's metric?We propose to assess learner acceptance

criterion by measuring Learner Acceptance Level I() Af
proposed adaptations. The acceptance is relatéshtoing
provided concepts as well as navigational link. @hewers
were expected to be given on three—point scale:otl-N
accepted, 2-fairly accepted, 3-accepted.

How? Questionnairednterviews think aloud protocols
are possible techniques to collect learner acceptatout
proposed adaptations.

When? This criterion should be estimated at running
conditions or at the end of the learning session.

E. Inference correctness

Why?The inference mechanism is the crucial part of many
adaptive systems [26]. The adaptation behaviostrangly
related to learner properties that are deducedugmout
inference mechanism. Consequently, measuring inéere
correctness assesses the validity of provided atiapt

What's metric?We propose to use Mean Absolute Error
(MAE) [25] metric which evaluate the distance between the
system predictions and the user’s opinion by mednste
vectors. In our context, system prediction and riear
opinion about concept learning and navigationak lare
estimated. These predictions are generally expilelsgehe
use of adjectives like known, not known, readyetarh, etc.
MAE is calculated by the following formula:

" T,
MAE = . @

n is the number of the learning concept and navigatio
link, uiis the user’s opinion about the learning condejotr
the navigational linki , andriis the system inference about
the learning concept or navigational link

(1]

How? Methods such as focus group, questionnaires,
interviews, think loud protocol, logging file ancpert-
based can be used.

When?This criterion is estimated at running conditions.

(3]
(4]

F. Appropriateness

Why? Several adaptation methods are available.
Nevertheless, insuring adaptation method apprapréss is
crucial; that means selecting the suitable methbdha
suitable timing with respect to the particular useeds.

(6]
7]

What's metric? We propose Adaptation Method
Appropriateness Rate (AMARMetric. It is calculated by
measuring the ratio of adopted recommendations gmon
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(2]

(5]

overall proposed adaptations. Consequently thedtaris as
follow:

Number of adopted
recommendations (2)
AMAR =

Number of total
proposed adaptations

How? The data to be used by this metric are gatherdddy
files analysis. This technique shows the real len
behaviour.

When?The appropriateness criterion should be assessed fi
at the specification stage in order to implementtane
adaptation.  Afterwards, at running context the
appropriateness should be measured in order totabep
most suitable adaptation method at the right time.

V. CONCLUSION

Current e-learning systems are lacking adaptivity.
Although, this issue is essential for Web-basedcational
system sustainability, as various end users wiffergint
skills, characteristics and needs have an incrgasiterest
for these systems. Evaluation of these systems and
improving them necessitate a concrete measurenasis. b
At present, there is no standard or agreed evaluati
framework for measuring the value and the effectdss of
adaptation yielded by adaptive systems. For thasap, we
choose to tackle this problem by proposing a messent
framework for adaptive Web based educational system
evaluation.

Adaptivity is a quite complex task. Neverthelesasib
adaptation behaviours are affected by adaptatiothade
selection and implementation at a strategic le&daptation
is assessed by considering adaptation method atighm
with both business and usage factors. The measnteme
framework construction is thoroughly described.
Measurement allows a deep understanding of fadareses
and brings guidance to designers to implement meta-
adaptation. For the future, we aim to exploit the
measurement framework for concrete evaluation and
improvement tasks in adaptive- e-learning field.
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