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Abstract

Usability has been a hot topic for many years, rgldi new dimension when the World Wide Web was
introduced and adopted. Many studies have been pradsability evaluation methods in many specific
areas, however not so much in E-Learning systemdit@Aet. al, 2006). This study is a report oftartature
review of several usability evaluation methodsEdearning systems conducted from year 2000. This
paper tries to summarize and compare all of thiegbes to see how the “pedagogical aspects” cereait
has been treated when performing such evaluataanagell as present a summary of all the usability
evaluation methods (UEMS) that have been usedesetistudies. At last, this paper tries to explaiw the
current situation happens. The main purpose ofdbiew is to draw a picture for further researclvbo is
going to look into the field of UE for E-Learningséems.

Key Words: review, usability evaluation, e-learning, pedagaggbility, usability criteria

1. Introduction

Organization and Educational institutions have kiaeesting in information technologies to improve
education and training at an increasing rate dutiedast two decades (Nokelainen, 2006). It makes
learning from “far away” and “life-long” become misle thanks to Information and Communication
Technology. Electronic learning (e-learning) isritifeed as an enabler to achieve such goal andviage
considerable interest from software developmentsiny. Just like “e-learning” is a compound word
comprised of the abbreviation for “electronic” aheé word “learning”, e-learning system blends new
information techniques into teaching-learning pescéComparing to traditional face-to-face educatimt
only can e-learning be as influential as the tradél teaching and learning style, but also doesatide a
more flexible way of training and learning servitesearners with the nature of “any time, any plac
Different forms of e-learning products make thestaners many choices, and web-based e-learning is th
most common one. As expectation for all other ldduct, consumers also want e-learning system to be
more effective and efficient, which ultimately sfyithem. However, study showed most e-learning
programs exhibit higher dropout rates when compuaiidtraditional instructor-led courses (Bonk, 200
Moshinskie, 2002; Hodges, 2004). There are margomesabehind this phenomenon, but one major
contributor is that the poor design and usabilitg-téearning system.

Usability as a technique to measure the qualityoofiputer systems has been discussed for sevemdetec
Generally, usability has been defined as the extewhich an application is learnable and allowsrsigo
accomplish specified goals efficiently, effectivedyd with a high degree of satisfaction (Hornb&€K6).
However, evaluating the usability of e-learningteys is not a easy task. An increase in the diyeafit
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learners, technological advancements, and radizlges in learning tasks (learner interaction waith
learning/training environment is often a one-timerg) present significant challenges and render the
possibility of defining the context of use of eleiag applications (Zaharias & Poylymenakou, 2009).
Many researchers expressed that usability of etllegisystem is not just in the field of Human-corgsu
interaction but also in educational computing ardésumait and Al-Osaimim (2009) highlights that
usability evaluation of e-learning system shouldrads aspects of pedagogy and learning from eduneehti
domains, as well as HCI factors such as the effgigeffectiveness and satisfaction of interfaGasilar
expression can be found, such as “teachers ndegldble to evaluate predicatively educational saftwso
that they can make decision about what softwapaitohase and how to use software in classrooms”
(Squires & Preece, 1999); “... pedagogical aspafatesigning or using digital learning material arech
less frequently studied than technical ones” (Naikeln, 2006); “the evaluation of educational sofava
must consider its usability and more in generahdsessibility, as well as its didactic effectivesie(Ardito
et. al., 2006). Additionally, de Villiers (2004)ribgus & Cohen (2005) Miller (2005) all expresshkdttthe
usability evaluation methods should take pedagbfgctors into account. Hence, usability practigosn
really should get familiar to the pedagogical aseeh as educational testing research, learning csod
rudiments of learning theory, then apply thesediacin the process of usability evaluation of e+éay.

In this paper, we present findings from literattereiew. Based on a systematic review of usability
evaluation of e-learning system reported in lastytars, we explore the position of the pedagogical
aspects in the evaluation of e-learning systenractice. Additionally, we summarised some valuable
findings regarding to design and evaluation ofa#leng system which potentially benefits desigraerd
evaluators.

Accordingly, the rest of the papers are composddunsections. Chapter 2 is background where all
related research including usability, pedagogy lisghusability evaluation methods (UEMs) and
evaluation of e-learning system; in chapter 3, vesent the research method we used and explaimieow
preceded the data; chapter 4 shows the resultsiviolyy with chapter 5, discussion. In the final deapwe
draw a conclusion.

2 Background

2.1 Usability and Pedagogy Usability

In order to advance through this paper a genefalitien of usability is needed as well as how tisis
different from pedagogy usability. According to 180 9241 standard usability isfTHe ease with which a
user can learn to operate, prepare inputs for, ardrpret outputs of a system or componeftgieral
well-known researchers have defined a list of Uggliactors that should be followed in order tdhayve
good usability. Nielsen (1993) call this usabilityuristics where he lists several “thumb” ruleduding:
“Visibility of system status”, "Match between systend the real world", "User control and freedom",
"Consistency and standards", "Error preventiongceynition rather than recall", "Flexibility and
efficiency of use”, "Aesthetic and minimalist desig'Help users recognize, diagnose, and recowen fr
errors”, "Help and documentation”. These guideleresdesigned to achieve usability of a software
application, however while many of them also appiyan E-Learning platform there are also otherofact
one need consider. These are the pedagogy usasipgcts, which are more focused on supporting the
ease which a user can access, study and learreaoatsrials. Some examples of this could be: “being
able to personalize learning paths”, “clearly viseacourse structure” or “automatically updatedstiots’
progress tracking” (Ardito et. al, 2004; Costalgiteal, 2005; Ardito et. al, 2005; Ardito et. aQd5). In
order to develop and test these factors differsability evaluation methods can be used.



2.2 Usability Evaluation Categories

Usability evaluation methods can be categorisealtinb categories, “analytical” and “empirical” metfs.
The difference is in which way the methods workaBtical methods are done by usability experts, who
put themselves in the intended end-users posiiased on the experts expertise and usability heasis
the expert validates the software (Blecken et28i10), and as no user needs to be involved, these
evaluation methods fits best early in the develamtrpeocess. Examples of analytical methods are
“Guidelines”, “GOMS” or “Heuristic Evaluation”. Theecond category, empirical evaluation methods,
requires a user to test the software and it maohsists of usability tests and questionnairess&he
empirical evaluation methods are better suited laitein a development process or when the system is
already in use and its goal is to determine thealhvasability of the system (Blecken et. al., 2D10is
important to note, however, that these categotiesld not replace each other, rather complemerit eac
other.

2.2.1 Analytical UEMs

As mentioned, analytical methods are performeddpeds and the category mainly contains of three
evaluation methodsdesign guidelines”,formal-analytical techniques’and“inspection methods”
(Blecken et. al., 2010). These methods can intberperformed or used in different ways, inspection
methods can for example be either heuristic evianatr cognitive walkthrough. In order to give an
overview of these evaluation methods a descripigrquired for each of them.

Design guidelinesontain instructions that should be followed iderto develop a user friendly interface.
These methods are in turn divided into five categordesign rules, ergonomic algorithms, style guid
standards and collection of guidelines (Vanderdbf©é®9). Each group of design guidelines have\ts o
characterisation; Design rules contains concisteuotions in such way that no further interpretati®
needed; Ergonomic algorithms collect design requérgs in a rigid manner that describes how thegdesi
process has to be carried out under certain conditi

Style guidegontains rules and standards in order to provia®del graphical user interface design, the
actual content is then later inserted. StandactgXample DIN EN 1SO 9241 are defined by natiaral
international organizations to generalize desigmtfaces. Finally Collections of guidelines offa
number of different guidelines for different typafsuser interfaces (Blecken et. al., 2010).

Formal-analytical techniqueare also done by usability experts and the teclasiqgan be divided into two
subgroups. The first, task analytical methods fesum the task within the system. These tasksrakeb
down into small sub-tasks in order to distinguisiteptial problems in each one of them. The outcofne
this method is data on execution times or seque@®#1S (Goals, Operators, Methods, and Selection
Rules) are one such technique and it providesititegvals in which a user should need in ordeioesa
task. This time includes both cognitive and phylsicdions. This can be helpful if there are twoiges to
choose from as it would be easy to compare thensaadvhat design is most efficient.

The second formal-analytical technique is “expeiitiglines”, which instead of focusing on the tasks
focuses on the ergonomics of the software. It cbeldaid that expert guidelines are a set of quesand
statements for the design of software (Bleckealgt2010).

Finally inspection methodsvhich can also be divided into two sub-categoidesign principles such as
heuristic evaluation or design task analysis sgcbognitive walkthrough. In heuristic evaluatioe th
usability experts put themselves in the positiothefuser and evaluate the interface independafien
this is done the evaluations can be merged to arathassessment of the system. The evaluatiooris d
according to the usability heuristics, among theeten basic heuristics defined by Nielsen (Nielsen
1993). These heuristics have been further devdlapd can be adopted differently depending on what
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type of system being developed (Blecken et. allp20Cognitive walkthrough are more focused ongask
the users are to perform. It's a review procesrelexperts evaluate the design using criteriacgpiate
to the design issues (Wharton et. al, 1994).

2.2.2 Empirical UEMs

Empirical usability evaluation methods are done¢Hzyintended end-user and can consist of Usabiéts
or Questionnaires. These methods can be carriegither on a prototype of the system or on a deggloy
system. Usability Test can be in several formsudiclg video feedback or screen recording, log files
input protocols, thinking aloud protocol and atienttracking (mouse tracking) & eye-tracking. The
objective of these methods is to identify real peals users encounter when using the system. By
analysing the data i.e. result from these tests;lasions can be made concerning the problems &atl w
actions that needs to be taken in order to soleselissues (Blecken et. al., 2010). This procesbea
described as collecting empirical data while useesobserved when interacting with the system and
performing typical tasks (Rubin & Chisness 200@lecken et. al., 2010) say usability test is avesrient
process as it enables the identification and exbian of errors in the interface. Usability tedtesld,
however, not exclude tests made by experts, rattraplement them (Rubin & Chisness, 2008; Blecken et
al., 2010). As mentioned above usability teststmadone in several ways, each of them having both
advantages and disadvantages.

Video feedbackims the users’ actions and visible reactions #imisican then be analysed by an
investigator and the filmed user together. Thigssful to thoroughly analyse occurring issues jtiat
very intensive.

Log filesrecord and document the users actions in a fiielwtan then be analysed and enables the
investigator to see the exact time and sequentteesé actions. However, this method requires sotigta
preparation and is thus not used very often.

The think aloud protocakquires the user to verbally express his or hestiens and say what s/he is
doing. According to Nielsen (1993) this is onelodin most powerful methods to identify usability
problems. This is however unnatural to most usexating a stressful environment which can lead to
prolonged answers and task performance time fran (@ecken et. al., 2010).

Attention tracking:User uses the mouse to pint and click in the aresction he find the most noticeable,
making the mouse both tool and pointer of focusattehtion. This makes it not so good for interaxti
tasks and it diverts the mouse from its intended us

Eye Trackingin this method eyes and views are tracked and decoiThis can later be analysed to see
what was most distracting, where the attention @imeost and how long the user remained on certain
sections. This comes with the disadvantage asjitires more technical equipment than other methods
(Blecken et. al., 2010).

Questionnairegan be used to collect quantitative data and oasist of different types of questions,
multiple choice questions and a rate scale asagedpen ended questions. There are several st&wathrd
questionnaires for usability evaluation, for exaeffDuestionnaire for user interaction satisfaction”
(QUIS), “Software usability measurement inventof$UMI) and System Usability Scale (SUS). The latter
one is very short and should therefor be conductgether with other usability evaluation methods
(Blecken et. al., 2010).



2.2.3 Other UEMs

Despite the fact that there are many usabilityatadn methods there are no widely used and eskedali
methods that is specifically designed for E-Leagrsgstems (Ardito et. al, 2006). One attempt ohsuc
method is the “Systematic usability evaluation” &Uthis is a combination of both analytical and
empirical evaluation methods (Ardito et. al, 200&tera et. al, 2002). The SUE utilizes the evatirati
patterns, called “abstract tasks” (ATs), which esailed description of what tasks the evaluatmoust
perform during inspection (Matera et. al, 2002)isTdlso makes it possible for less experienceduetals
to achieve a good result (Ardito et. al, 2006). SAdlBpts “design models” in order to describe the
application and identifying as well as naming tekevant objects of evaluation. Finally, in SUE uBgb
attributes which identifies specific usability pespies that a system should possess in order trs&igle.
These usability attributes are obtained by decoingageneral usability principles into more spesiedi
usability criteria (Matera et. al, 2002). Seveedearch papers look at how SUE can be used for
pedagogical E-Learning systems (Ardito et. al, 2@dstabile et. al, 2005; Ardito et. al, 2005; Aodét. al,
2006) and these papers serve as a reference oramdthabw pedagogical as well as other usabilitgetsp
can be achieved. Finally MiLE is a SUE frameworkvi@b applications. It is a scenario-driven insjmarct
technique which uses user profiles, scenarios,gm@s and usability attributes. (Triacca et.2004). l.e.,
in MILE the user requirements, their goals and ades are the basis for the evaluation. This ietes
through both inspection methods: to verify the iteitiy of the scenarios or tasks, as well as h&igs: to
verify the compliance of the system using a setsability principles (Triacca et. al., 2004). “MikEis an
evolution of bot SUE and MiLE, i.e., version twoMfLE. MiLE+'s goal is to be easier to use, esplgia
by novice users than its predecessor is. Additlgrighims to bemore systematiandstructured(Bolchini
& Garzotto, 2007).

2.3 Evaluation of E-learning System

Both analytical and empirical UEMs can be usedvidieate e-learning system. Meanwhile, a large numbe
of combination methods are developed and appligalantice. Choosing among different UEMs is a trade
off between cost and effectiveness (Ardito et.2006). Analytical methods, such as heuristic eatibun

due to its nature of “easy administering” and “legst” are still popular when evaluating e-learriiygtem
(Ardito et. al, 2006; Tselios, Avouris & Komis, 2B0Ssemugabi & de Villiers, 2007; Salman et. 02,
Kemp et. al., 2008). Besides, empirical evaluati@ihods, i.e., user testing (Ardito et. al, 200&skmola
& De Villiers, 2006; Guo et. al, 2009; Adebesinadt, 2009; Grari, 2008; Tselios et. al., 2008; Bolchini,
et. al., 2008) and questionnaire/survey (Di Bitogttoal., 2009; Zaharias, 2006; De Villiers, 20G4hai et.

al., 2008; Guo et. al, 2009; Ytikseltiirk, 2004; &et. al, 2010; Adebesin, De Villiers & Ssemugai09;
Bolchini et. al., 2008; Ssemugabi & de Villiers 20 Salman et. al, 2009) are widely chose. Mearayhil
some new framework is introduced to this area dk swech as MIiLE (Milano-Lugano Evaluation method)
and SUE.

Among the reports of these studies, some researblagrdesigned and conducted the evaluation with
considering of pedagogy aspects. Squires and P(&888) adapted Nielsen’s heuristics with takingiso
constructivism tenets. Furthermore, Tselios et.(2006) divided the e-learning system into (ajratiy
course-ware, behaviouristic-based educational systeainly restricted to material and concept bragsi
(b) secondary course-ware, mainly constructiviseldaopen learning environments and (c) tertiaty s
ware, socio-constructivist and socio-cultural basglthborative learning environments. They argued t
different methods should be adapted accordingddytbes of e-learning system. For example, based on
their empirical study, they expressed that commnadf an expert based inspection method coupldhl wi
an evaluation involving representative users itable for primary course-ware. Zaharias and
Poylymenakou (2009) described a questionnaire-basability evaluation method for e-learning
applications. They explained that their methodsi$agot only on cognitive but also affective
considerations that may influence e-learning uggbiThey pointed out that the most prominent affer
learning dimension is the motivation to learn. Aodét. al., (2006) presented the SUE method asiomsat
above which specifically enable to drive the evaltmin the analysis of an e-learning application.
Alsumait and Al-Osaimi (2009) in their study expaddNielsen’s traditional ten heuristics to 21 hstics
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with detailed explanations, which they believed wase closely focused on child e-learning applmadi
In their paper, they proposed and explained seeel@rning usability factors: learning contentiges
assessment, motivation to learn, interactivity aockssibility. Leaving the child domain aside, éhes
factors covered most of the pedagogical usabiitydrs.

3 Research Method

This review was created in order to bring a perspeon what usability and pedagogical aspectsithat
important to consider when evaluating an e-learsiygiem. There are several usability evaluatiorhou
available with its roots in the 1980’s. Many ofskenethods do not, however deal with any pedagbgica
aspects and were designed for the systems devesdpieat time. These methods have then been changed
according to new requirements from later years;éwmnthere hasn’'t been much adaptation to the e-
learning area. While the SUE and MILE is an attetoto this, not many organisations use theseaas c
be seen in our result. Rather most studies refftatshere is very low activity in developing a imed for
e-learning systems. (Costabile et. al, 2005; Gr&n@&lavinic, 2006; Ardito et. al, 2006; Chai et.,&2008;
Grani, 2008; Zamzuri et. al., 2010) In this study we warhighlight the usability and pedagogical aspect
that organisations have considered important fremeral case studies in order to help further rebess

to develop an evaluation method tailored for erlesy systems. There are many obstacles such method
would need to overcome, and from the case-stubashave been studied in this report many of the
obstacles can be identified. Nikmehr and Dorood2008) stressed thd-learning content must be
appropriate and meaningful to engage learners. laechnical issues should be considered in order to
design effective contentThis not only indicates the need to motivate tbersi or learners, but also to
create software that is efficient and effectiveise. Further Costabile et. al (2005) s&yst instructional
interface is especially effective when the lealisexble to focus on learning content rather thacuging

on how to access it.This indicates the need to a system that is easgtigate. This is further
strengthened by Yuging Guo et. al (2009) sayig effective and efficient e-Learning platform sk

hide systems' complexity and provide an easy axibfe interaction operation.Which also stresses the
need for flexibility. All of the case studies inighpaper reports data like this which serve agdahedation

for the different usability and pedagogical aspéus is important to consider in an e-learningeys In
these papers, a wide range of UEMs has been desigtkused in different types of e-learning systems
such as web-based systems, educational games;atjupis, etc. Most of these papers are case stadies
action research. The papers authors either examimedr a few UEMSs by evaluating one or a few e-
learning systems, or to introduce a modificatiom@mbination of known UEMs. The researchers want to
build an understanding of the topic based on thggaants’ ideas (Creswell, 2003). Many researsher
have also reported valuable findings after condgcsieveral case studies in the area.

In order to analyse this existing research thezdwo main research methods to use in the field of
academic research, namely qualitative and quardtebometimes, a combination of these two mett®ds
possible according to the needs of the researgb. tibjis important to select suitable methods blase the
comprehensive understanding of strengths and dicksla each method as well as the research topic.
Qualitative research is exploratory and usuallyliagp~hen little or no research can be found in the
research area, while quantitative research is ossdly in statistical context (Creswell, 2003) this

paper, we performed a quantitative research basedailable literature reporting usability evaloatiof e-
learning system. We wished to reveal how the pegiagbaspect is treated in usability evaluatior-of
learning system during the last ten years (200@20dy analysing the usability factors each stuskydu
Additionally, we hope to obtain some valuable fimgh for designing and evaluating e-learning system.

3.1 Data Collection & Analysis

For our literature review we used the York meth@dr{tre for Reviews and Dissemination, 2009). This
review process contains three phases: (1) deftiadion criteria and identification of relevant &uation
research, (2) systematic analyze on selected stadi& extraction of usability measure factors, @d
synthesis of the findings.



To help to select relevant reports of evaluatioomfthe huge amount of potential relevant repaois,
inclusion criteria for our literature review waspéipd:

e Studies had to examine usability of an E-Learniysjesm.

» Studies had to contain sufficient data/result fraoease study of an E-Learning system, although
studies did not necessarily have to be the mainsfaf the study.

» Studies had to be original and empirical. Theoattionceptualizations were excluded. However
those may be used as background theory.

» Evaluation methods used in the studies had tarféalie categories presented, although extra
methods may be used as background theory.

* English publications only.

» Published in the last ten years, i.e. between 3880 and year 2010.

The inclusion criteria where identified by analysthe goal of our research to ensure only the agieand
all relevant papers where studied. In other wdndsctriteria are based on the scope of this resgtimah
criteria (1) where natural to have. Since the gdahe research is to identify pedagogical aspefts
usability evaluation the second (2) criteria emdrgéne case study doesn’t have to be the mairopart
focus of the papers, as long as there is a readldscussing the different usability aspectsridega. The
third (3) criteria where defined to exclude alldhetical papers, raw and hard data where requedur
result. Fourth (4), the studies had to use soma édfrformal and established evaluation method deofor
us to be able to compare them. Criteria number(BYe¢he publication had to be in English, as thithe
only language both researchers have in commonllyaecriteria number six (6) the papers had to be
fairly new as we are dealing with a topic on thdowehere almost everything have happened durintpte
ten years. Looking beyond that would give resutued on legacy systems or applications of opgyati
systems not being used today. Many of the usalalibfuation methods originate from that time and
software; however these methods have been chanvgedime to fit today's needs. Thus we found it
reasonable and enough to focus our attention setpablications.

Retrieving the relevant research was done by siegycbr journals and proceedings in the field ofIHC
through a range of academic databases, or spdlgifid2EE Xplore, ACM Digital Library, Elsevier
ScienceDirect, ProQuest, SpirngerLink and Wilegiatience. Google scholar has only been used o hel
to get potential relevant reference and citatiolhoAthese search engines provide advanced search
function which helped to make the initial searchrengpecific. Each of the journals and conference
proceedings were searched with the search ternbilitgavaluation” and “e-learning” or one of its
synonyms (i.e., online learning, distance learnorgglectronic learning) in meta-data. Additional
requirements whereas follow: (a) full text accessilsing charmers library network, (b) publishedibist
ten years, i.e., since year 2000 and (c) publinaiges English language only. Using key word seiarch
meta-data is to reduce huge number of result; ¢lae ghosen was according to our study scope; and
English is the only common language both authoasestfor the convenience of further cross review. A
we wanted to find case-studies in the area of lisabvaluation of e-learning systems it was nalttoa
extract the keywords from this phrase, resultintherequirement stated above. Title as well agatis
from the resulting papers were then read and judgedrding to inclusion criteria. Sometimes thegrap
conclusion were also studied in order to help tect¢he relevant papers. These papers were tlaenime
their full and the actually relevant papers, werlected. A cross review was also made on each paper
passing the title and abstract level to ensuretlieapaper was actually interesting as well agnia f
relevant parts of a paper the other researcharnatidetect. The result can be seen in Table 2.



Preliminary search resulffter Reading AbstragtAfter Reading in Ful
Journals & Conferenced94 42 23
References & Citations 33 12 4

227 (read abstract) 54 (read in full) 27 (actetdvant)

Table 1: overall result of search process

Preliminary search resulffter reading abstrac¢tAfter reading in full
IEEE Xplore 74 11 7
ACM 58 18 12
ScienceDirect 38 3 2
SpringerLink 21 7 3
ProQuest 2 2 2
Wiley InterScience 1 1 0
194 (read abstract) 42 (read in full) 23 (3 ovasla

Table 2: result from using different engine

While reading the papers in full from the journafgl conferences listed above, we found some ditébio
other papers that seemed very interesting whiaghrakst the inclusion criteria. We put them in the
potentially relevant category. Abstracts from thpapers were then read and the actually relevapdrpa
were selected in the same way the initial papers welected. In this case, Google Scholar was tased
access the articles. Table 2 shows the generdtge2R7 papers were read in abstract and 53 papes
read in full, the actual relevant papers were 2®ial.

When conducting the literature search, we categdréach study evaluation purpose, evaluation approa
measure for evaluation, and interesting findindsesk categories were refined as the analysis groces
proceeded. The results are presented in next ahapte

4 Result

4.1 Criteria been used among the studies

Table 3 below is the result of the number of E-béay articles that motivated the following usalyiléitnd
pedagogy factors. These factors are explainecie ta

The usability factors as seen in table 3 abovetereesult of our study after analysing 27 articles
concerning usability in E-Learning systems. Thegoamaturally used different terms to explain thigeda,
thus the factors in table 3 where created by amajythose terms. This is further explained in table
including both explanation and quotes from the pape



Mavigation and Exiting

Visibilicy of System Status

User Centrol and Freedom

Error Management

Learnability

Flexibility and Efficiency of Use

Gul

Learning Content Design
lcarningfauthoring suppartive tools

Match Between System and the Real World
Cognition facilitation, recognicion & Memorability
Help and Documentation

Motivatlon to Learn

Consistency and Standards

Acressibility

Assessment

Table 3: usability factorsin E-learning articles

Looking at the result of table 3, the top factaws general usability issues such as navigationibf@ek and
user control, while most pedagogy criteria are Wedoerage even though the result is solely based on
articles discussing E-Learning, something thatvifl pe) discussed in discussion chapter. Important
note however is that some general usability facioesmore or less important due to the fact thd-an
Learning system is being evaluated. For examplé&kebility and Efficiency of use as well as Visity
of System status are particularly important for éatning systems which can also be seen in thetresul
(table 3).

Following is a table describing each usability pediagogical factors identified from the differeapprs
studied. The factors’ names may differ from papguaper, however the meaning is the same which are
presented as explanation in the table. Finallytébée contains a column with examples from three
different papers mainly using SUE (de Kock, varjdgil& Pretorius, 2009; Alsumait & Al-Osaimi, 2010;
Ardito et. al, 2005) to further describe the cider



Factors category

Explanation

Examples from papers

Visibility of System Status

feedback

the user, both in terms of system

information and similar.

Concerns system feedback and

status, presenting a score or othehappening through appropriate

o The e-learning program keeps the
leaner informed about what is

feedback within a reasonable time.
— The learner gets frequent, clear

carry on.

identify his score/status and goal in t
program.

feedback that encourages him/her to

— The learner should always be able

ne

Match Between System an
the Real World

Match users’
expectations,
familiarization, fit
intended user
group.

dHaving a good match between
system and real world will
improve the learnability of the
system, however this issue is
specifically concerned with logica
metaphors and phrases etc.

— The e-learning program interface
concepts familiar to the leaner and

\land logical order

— All learning objects and images
should be recognizable and
understandable, and speak to their
function

employs standard words, phrases an

makes information appear in a naturg

o

al

User Control and Freedom

respond to user
action
adaptivity

The system should be designed
a way making the user initiate the
actions rather than the responde

rAllowing easy recovery from the
2former always, and from the latter
svhen it is pedagogically appropriate.
-- The user is encouraged to explore
software.

-- The learner can easily turn the
application on and off, and can save
user profile in different states.

the

his

Consistency and Standards

same style
work flow

Consistency and standards is ab
making the user feel familiar to th
website by using language, word
and concepts that the user can
recognise and understand.

outThe learner experiences the user
énterface as consistent (in control,

— Control keys are intuitive,
convenient, consistent, and follow
standard conventions.

— The e-learning program is consistg
in its use of different words, situation
or actions, and it follows the general
software and platform standards

scolor, typography, and dialog design].

2Nt

4

Error Management

prevents,
identifies,
diagnoses and
offers corrective
solutions

How error is handled, avoided ar
corrected. Provide relevant

information and steps to be take
an error occurs and explain what
and why something went wrong.

d- The e-learning program is carefully
designed to prevent common proble
fifom occurring in the first place.

-- The e-learning program does not
allow the learner to make irreversible
errors.

-- The e-learning program is designe
to provide a second chance when
unexpected input is received

It distinguishes between input
errors and cognitive errors.

10



Learn-ability

supports timely ang
efficient learning of
software features

How easy the system is to learn.
How long does it take for a user {
master the system?

-- The e-learning program makes
@bjects, actions, and options visible 9
that the learner does not have to
remember information from one part
the program to another.

- Instructions for the use of the
program are visible or easily
retrievable, so that the child does not
have to memorize unnecessary thing
Icons and other screen elements are
intuitive and self-explanatory.

Z

Cognition facilitation,
recognition & Memorability

simplicity

Relevant objects, actions and
options should be clear. The use
should not have to remember tog
much itself.

-- cognitive support
r-- recognition rather than recall

Flexibility and Efficiency of
Use

This criteria concerns the
possibility for the system to adop
to different users with different
learning styles and tastes.

-- The e-learning program is designe
tto speed up interactions for the expe
learner, but also to cater to the need
the inexperienced learner.

-- provide possibility to personalize
interface graphic

GUI

» Aesthetic
Graphical elements
colour

This concerns not only how
“pretty” the interface is but also
how logical the structure is and
how easy it is to read and
understand.

-- Font

-- Colour

-- graphic convey information clearly
-- graphic provide text information
with mouse-over

-- Layout is satisfactory and logically
grouped and labeled.

-- The screen are pleasing to look at.

Help and Documentation

providing users
with help files and
documentation

This concerns help and
documentation files and how eas
it is to find the relevant
information. This is different from
error management as help also i
related to functions and “tutorials
how do do things, not just
explaining an error.

-- The learner should be given help
wwhile using the program. Help should
be easy to search. Any help provided
focused on the learner’s task, and lis
5simple concrete steps to be carried g
"(Task-oriented information)

— The help file/s provide relevant and
concise information.

-- The help messages are brief and
informative.

-- Itis easy to find a solution to a
problem.

-- The instructions are represented in
an ordered list of

concrete steps.

is
s

Navigation and Exiting

facilitate software
exploration and
provide outlets to

How easy the system is to navigate Navigation objects and tools are ke

and find your way in it. How
logical the structure are etc.

in particular and clearly-

defined positions.

-- Exit signs are visible. The learner
may leave an unwanted state withou

:pt

t
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terminate actions

having to go through an extended
dialogue.
-- Cancel, Redo, Undo option are
available.

-- provide search function by keyword.

Accessibility

How can the software be access

ed. he §-learning program may be used

on a variety of equipment and
platforms such as laptops, PDA.

-- All repository access to both teach
and learner

-- enable off-line use of platform
maintaining tools and learning conte

Learning Content Design

e course design
* media use

Concerns pedagogical aspects if]
learning/course materials.
Terminology, layout and media
use are some examples from the
papers.

— The vocabulary and terminology
used are appropriate for the learners|
— Abstract concepts (principles,
formulas, rules, etc.) are illustrated
with concrete, specific examples.
— The organization of the content

pieces and learning objects is suitable

to achieve the primary goals of the e
learning program.

- Learning objects are well organized

and easy to navigate and logical.
-- media use and management
-- course map, cross reference

Assessment

The use of assessment availab
the user.

le-tdhe e-learning program includes

self-assessments that advance learner’s

achievement.

— The e-learning program provides th
instructor with learner evaluation and
tracking reports.

-- Are Learning objective,
instructional and assessment strateg
closely aligned

Motivation to Learn &
interactivity

e engagement
» confidence
e response

According to SUE (ref) the main
goal of E-Learning systems shou
be to support users in learning. T
do this, users need to be motivat
which can be stimulated in sever
ways. Some papers suggested
multimedia and games as well as
challenges and assignments.

eand interesting. It uses games,
asimulations, multimedia, and activitie

— The e-learning program stimulates
I6urther inquiry in different ways.
o- The e-learning program is enjoyab

to gain the attention and maintain the
motivation of learners.

— The learner becomes engaged with
the e-learning program through
activities that challenge the learner.
— The learner should be able to resp
to the program at his leisure. The
program, on the other hand, needs tq
respond immediately to the learner.

er

—

es

D

pnd

— The learner has confidence that the e-

learning program is interacting and
operating the way it was designed to

12



interact and operate.

learning/authoring Tools or other features to support-- File upload and download
supportive tools the user with his/her actions to | -- Learning objects easily created angd
ultimately support learning. reused
. course management -- ICTs in use, bot asynchronous and
«  communication synchronous tools

-- profile space and management
-- provide easy-to-use authoring tools;
enable to define alternative learning
paths.

» profile

Table4: Usability factors category

4.2 UMEs been used among the studies

UMEs cases number (N’ =37%6
Guideline 1 2.7
Formative 2 54
Inspection - HE 7 18.9
uT 9 24.3
Questionnaire | 13 351
SUE 5 13.5

Table5: usability methods been used

During the study of 27 papers, 37 UEMs that havenhgerformed was found. As shown in table 5 above,
six different type of UEMs have been used includijnidelines evaluation, formative evaluation,
inspection method (mainly HE, or modification of HEarious kinds of usability testing,
questionnaire/survey, and other kind (in this stiedgombination methods called systematic usability
evaluation, SUE). Among these studies, we cantsgieqtiestionnaire-based method has been used most,
following by usability testing and heuristic evaiioa. From the table, it is clear that empiricahkation
methods with 59.4% beat an analytical evaluatiothogwhich is 27%. Other methods, which are usually
a combination framework of several UEMs take upb%3.

5 Discussion

5.1 Pedagogy Aspects in Practice

The criteria found concerns are both general addgagical usability aspects. “Learning content gigsi
“assessment”, “motivation to learn” and “learningkeoring supportive tools” are defined related to
pedagogical aspects. From the result, it tellstth@most used factors among these four is “legrnin
content design” which is a slight higher than agera&ll the other three are below average. After we

calculated all cases that contained at least odagugyical factor we got a result of 18 studies,ciwlhis two
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thirds of all studies. One third of the studiesyaapplied general usability factors to evaluateedearning
system.

The reasons behind those studies excluding pedaggmpcts can be various. We studied these papers
again with main concentration on their purposesvafiuation. According to their purposes those paper
could be categorized into 1) the studies was fogusn specific intent instead of evaluating usahiP)

the studies were aware of pedagogy aspects, howteegrdid not included sufficient factors to chélk
pedagogy aspects, and 3) the studies didn’t shakhawed very little aware of pedagogy aspectstti®r
first category, one paper not taking pedagogy dspeto account is because the study are not merely
focused on evaluation the system for its own sdkesead, they used a target system in the prafess
establishing a framework for formal usability tegti not of business systems, but of interactiveagring
applications in the cognitive domains of computadiadisciplines. Even though, this paper did not
consider pedagogy aspects, it made a major cotibibto evaluating e-learning system in cognitive
domain by using lab facilities (Masemola & De \&li§, 2006). The second category was the most common
one i.e., where most papers fit in. These studiasesl the common natures that even though the
researchers realized the importance of pedagogctsphey still applied general UEMs to evalubted-
learning system from an effectiveness, efficienog satisfaction perspective. This is apparently not
enough to reveal the pedagogy effectiveness. Operpaported an evaluation of Korean Language
learning system by using multiple methods. The @stimentioned that they had considered such faators
being interactive and providing feedback; havingcsfic goals; communicating a continuous sensation
challenge; providing suitable tools; and avoiding gactor of nuisance interrupting the learningam
during the design and implementation phase. Howevieen performing the usability evaluation, thegdis
traditional HE with user testing based on 1SO924lich apparently is not sufficient to check thetfas
they listed. The last category is most concerrasghose studies show no aware of the importance of
pedagogical usability. Those researchers have pationed any pedagogical aspects in their papet. at
In fact, usability of e-learning designs is dirgattlated to their pedagogical value which is altyuhe
intrinsic part of e-learning system. Even thougtytmade improvement based on the UE result and make
the system more usable, still such a system makane any pedagogical sense (Albion, 1999; Sqdires
Preece, 1999). An interesting finding in one pdpékseltiirk, 2004) is that the studies revealeghs
suggestions gained from six semi-constructed irgers. Seven out of eight suggestions can fit ihto t
pedagogical usability factors (motivation to ledearning/authoring support, learning content desig
This is something we argued about. Some pedagadyjlitg issues did exist among e-learning systdm. |
the researchers could take the pedagogy aspeatadodbunt when performing usability evaluation en e
learning system, they will most likely reveal symoblems.

Let us go back to the 18 cases containing pedaglogsability factors. Only one case covers alldestthe
others more or less miss some factors. This mdebause different e-learning platform are evalydtesl
features of system contained, and different typlearfers. Additionally since there are no estaklisand
well-known method for evaluating e-learning systeaakéng pedagogical aspects into account it isnaatu
that the results vary between different studies.

Assessment as the least quoted factor of all catoheattention. Seven out of 18 cases includes
assessment factors when performing the evalualiomreason why the other eleven cases exclude these
factors can be explained by that most of thosexgileg systems do not support assessment feature,
therefore there is no need to introducing thisdadtdowever, among those eleven cases, we foun@lact
some of them are capable to have the assessmanefegaorder to enhance the didactic effectiveness
Ridgway et. al. (2004) reveal the potential in agphg large paper-based examination systems through
electronic formats to allow more flexibility, foxample in the correction process. They pointed st
“E-assessment is a stimulus for rethinking the whalrriculum”. The effect of learning is the main
motivation that people choose e-learning systenth@¢2005) pointed out that innovative learning
environments which introduce constructive principhave to adapt the assessment practice to thiedfear
the matter, that means to focus "the applicatioknofvledge" when solving problems to be able tacead.
He presented that powerful effects of assessméarttethe learning effects and the consequenéhidiiy
of assessment (pre-assessment effects, post-assgesffacts) and suggested that assessment should b
designed strategically to have educationally scamdipositive influences. Hence, it is really recoenished
14



that e-learning system according to their typgsrtwvide different types of e-assessment. Valuatictne
previous knowledge (pre-assessment) will make exleg system generate learning material that réspec
the learner’s previous knowledge takes into accoudividual differences in skills and knowledge and
encourages them to take advantage of it duringeguokelainen, 2006). While post assessmenthsifb
users to review the courses and solid the knowlgdgeed, which ultimately enhance the learningatffe

Learning content design and learning/authoring ettpgre the most used factor that has been included
among the 18 cases. They are respectively includ&d and 14 cases. It is great to see that most
researchers considered these pedagogical aspéctpasant factors which determining the qualityaof
e-learning system. Checking “learning content d@sigelps to well organize and present of the course
materials. While “learning/authoring support” erexbthe e-learners be free to choose the path mofihga

he or she prefers in order to make most use ofterials more effectively and economically (Noksda,
2006). One sub-aspect we brought up here is contation. Lynch (1998) emphasized that
“Communication is the Key to Maintaining the LeangiCommunity”. As an online learning system should
be able to be used by students at many differehiratiely spread locations as well as anytime  tiite

user the system needs to support communicatiordier ¢o serve as a true E-Learning system. With the
collaboration through communication tools, the &qbers will feel familiar to traditional face-toda
teaching environment. Costabile et. al. (2005)kst#hat participants of their case study had espea
positive opinion on the communication tools, allogicollaborative learning: the teaching processhean
managed for one or more learners, through synclioaod asynchronous interactions. Just like Nikmehr
and Doroodchi (2008) mentioned tH#ts worth mentioning that social interaction playan important

role in usability of E-learning systems and alskeetive collaboration is a critical success factdrE-
learning systems.This brings the designers of e-learning systerh hathallenge and an opportunity.

The last pedagogy aspect we discussed here isatiotiv From the review, we found 10 cases stregsed
need to motivate the user to learn, as this shioalthe main goal of an E-Learning system. As maetio
in introduction part, many e-learning systems fthilee to one major contributor, these systems did n
catch learners’ motivation (Zaharias & Poylymenagket09). Zaharias and Poylymenakou (2009), together
with Schunk (2000) stressed that the need to emhaacners’ internal priorities and drives that barbest
described by motivation to learn which is the nrstminent affective learning factor that can gneatl
influence users’ interactions with an e-learninglegation. During our study, we found that manyesas
evaluate the user’s satisfaction rather than mttimawhich we find inappropriate. Satisfactioralsout
how happy the users feel about the system, whil@vat@on is more than just how satisfied the usees
with the system, but also concerns the user’s esrgagt and confidence of learning knowledge thraetgh
learning system. Just because a user is satisftadive interface of the system doesn’t mean h&heris
motivated to use it. Therefore, evaluating on “matiion to learn” should be very important when
performing usability evaluation of e-learning systeViost case studies should take this aspect odoumt.

5.2 UEMs been used

Looking at the summary of the different case-stsidliethis report shows that a wide verity of usapil
evaluation methods where used, both analyticaleampirical as well as the combination method, SUE.
Questionnaire-based evaluation have been usedywidelany studies, the reason may because that it
gives a very specific result of how the user exgrazed the system. Questionnaires can easily beedppi
many testers, as it is a quantitative way of raogidata, and as many of the case studies repficeda
deployed system it is natural and beneficial tdvgatlata from many users. Finally as there arerakve
standardised questionnaires that can be usedlgaseasy to set up and require little work toAlathe
same time, however, it can be specified for theifipaype of user, requiring more work to set ug may
give more relevant answers. Some comparative studamvever revealed that heuristic evaluation (lHE)
a better choice than others, especially usab#isting. As Ssemugabi and de Villiers (2007) expiiain
their study evaluating the Info3Net applicatioretssfound 73% of the problems, while experts found
slightly more, 77%. The authors also conclude ithaily required four experts compared to over 66rs.
They also states, however that analytical and ecapimethods should be combined, something thaemor
researchers can confirm, in order to gain a momepeehensive result. Tselios, Avouris and Komis @00
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argue that different type of e-learning system sthadapt different evaluation methods. They catsgor
them into a) primary courseware, which is mainlytenial and content browsing, (b) secondary coursewa
i.e., open learning environments and (c) tertiamyrseware, which they define as collaborative legrn
environments (Tselios et. al., 2008). A combinatioethod called SUE (Ardito et. al, 2004; Costabile

al., 2005; Ardito et. al, 2005; Ardito et. al, 2Q0@%as noticeable as the method have been adapted &
learning context, taking several pedagogical asgatd account.

Drawing a conclusion on which method is best ifidift if not impossible task, since each method hs
strengths and drawbacks and there is no specificaddor evaluating e-learning systems. The best
method should be selected according to the typeanfiers, technological advancements, and radical
changes in learning tasks. Empirical method isehelil better at finding actual issues that the aecuser
will encounter as the tests are performed by ubermmselves. This however requires the system tther
finished or have some working prototypes and rexgséveral users compared to just a few expertssthat
required in the analytical methods. The analyticathods on the hand fits better early in the deraknt
as no user needs to be involved (Blecken et.@LOR A case study on comparative usability evéduat
(Koutsabasis et. al., 2007) revealed timat method was found to be significantly more effecor
consistent that othersThey also pointed out th& single method is not enough for comprehensive
usability evaluation. If it is important to find stoproblems parallel evaluations can be carried.buthus
a combination of the methods seems to be bettaurdstudy, we found a systematic usability evatumat
method called SUE was better than others, not lbatause it covers most usability factors related to
pedagogical aspects, but also a blended way ddrdift UEMs. The MiLE and MIiLE+ method, which is
also a combination method doesn’'t seem to havampattention in evaluating e-learning applicatiass
none of the studies in this report uses it. Thigtsresting as already in 2004, Triacca et. 8042
presented a MiLE method for evaluating e-learnippliaations, even though it might be possible to
improve this method for e-learning no one has presksuch work either. Something confirms the low
activity and research on improving or developinganing evaluation methods.

In a conclusion, besides covering all-round usghbiéictors, especially pedagogy usability, a suéaiy a
set of suitable UEMs should also be adaptive tieiht type of learners as well as different type-o
learning system.

5.3 Different type of learners

As any student should be able to use the E-Leamgpijcation any type of user should be expecteth b
novice and experienced computer users. HoweverliagEning systems different types of learners also
needs to be considered, i.e. different students leetter in different ways (Nikmehr & Doroodch(B).
Thus the e-learning system needs to be designaaviey so that all may learn; one size does natlfit
Hence it seems reasonable to make the e-learngtgmsyflexible and adoptable depending on what bfpe
learner the users are. The authors describe eiffiteht types of learners, all who learn in ditfat ways,
among them active and reflective learners. Actdgrers learn better by doing, which means theydvou
most likely not be very interested in reading Higiks of text (Nikmehr & Doroodchi, 2008). Instahdy
would prefer a straightforward navigation-systemt thhakes it easier to find the information theychee
Reflective learners on the other hand would apptedaescriptions about the instructional matenarder
to think about it before diving in (Nikmehr & Dordohi, 2008). As mentioned there are a total ofteigh
learner types, but by just listing two of themsitobvious that different learners require a totdifferent
interface. To overcome this authors recommend iogatsage scenarios based on each type of ledrater t
is expected to use the system in order to achlevéest result.

6 Conclusion

In this paper, we present a literature review aabilgy evaluations of e-learning system reportethist
ten years to examine the position of pedagogicaluemability aspects when evaluating e-Learningesyst
Totally 27 papers were analysed. During the studysummarized four important pedagogical usability
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factors with detailed explanations, namely, leagréontent design, assessment, motivation to leaiin a
learning/authoring supportive tools. We tried tai@s$s these factors in each paper and to gainievenf
how the studies deal with pedagogy usability. Wentbthat one third of the studies are not fully eenaf
the importance of pedagogical aspects in usabilibjch it is inappropriate since the pedagogicalbilgy
is of at-least the same importance as generallitgdbi an e-learning system. Furthermore, anchpps
most important, we urge evaluators should be awhitee pedagogy usability when performing usability
evaluation in the future. We also give suggestiordesigners of e-learning system that some feattan
be added to enhance learning effects of e-leasyatem, i.e., assessment and communication. We also
hope this paper could arise further e-learningaeders’ attentions on pedagogy aspects in botigrdes
and evaluation phase as well as provide an intageahd broad entry point for readers who are rethe
topic.

Limitation:

1. Due to the lack of authority to access thetfst of some papers, we excluded some potentiarpap
which might be relevant to this topic.

2. The pedagogical usability factors we summaraedbased on our knowledge of this area and what we
had learnt from the case studies. It is possibleatce such areas that both our knowledge and tadies

do not cover.

3. In our result we present both how usability pedagogical aspects are treated when evaluating e-
learning systems. However we do only discuss tldagegical aspects which is a limitation because
usability aspects can also, indirectly improvepledagogical usefulness of the system.
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