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Abstract

The evaluation of educational environments is a fireldeied of an interdisciplinary approach. As
computers become more and more pervasive, educational computowsfehis trend in the
classrooms. It creates more dependencies between the parts lefithing process and it is
more difficult to assess these complex relations. During the desades the attention on
usability evaluation has created many evaluation methods,hwmdéortunately are mostly of
very limited use in the evaluation of educational environmeHiswever, the inspiration they
provide is valuable.

This thesis argues that joining the idea of a usability checklighé form of a questionnaire with
the proper pedagogical and technological issues facilitates thditysabaluation process of
educational environments. The main requirements of assessaimdlogical, usability and
pedagogical factors are fullflled. The Technology-Usabilityd®gogy model (TUP) is
established and the TUP questionnaire is developed.

The ACM Computing Classification System (1998 versioH)5.2, K.3.1
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Abstrakt

Vyhodnocovani vyukovych pro@di vyZaduje spolupréciékolika védeckych disciplin. V
dnesni dob potitate stale vice pronikaji do naSeho ptesti a Zivota a jejich nasezeni ve
vzdélavani kopiruje tento trend. Vznikaji tak vazby a interakce v histepredvidané a jejich
vyhodnoceni se stava obt&$im. V uplynulych letech vzniklo gkolik UspsSnych metod pro
vyhodnocovani klasickych uZivatelskych rozhrani. Bohuzé&$ima z tchto prostedki je pro
vzdlavaci software pouzZitelna jen za cenu velkého omezeni. Cogk ma nich z naSeho
pohledu uziténé, je inspirace kterour@dstavuii.

Tato prace argumentuje, Ze spojenim mySlenek sexnanforme dotaznik a vhodného
pedagogického a technologického teoretického zékladu Ize dosédhnouatpgdstvylepSeni a
vysledki ve vyhodnocovani vadavacich prostdi. Je vytvéien Technology-Usability-Pedagogy
(TUP) model a na jeho zakkadkonstruovan TUP dotaznik.

ACM Kklasifikace (verze 1998)4.5.2, K.3.1

Kli¢ova slova: UZivatelska rozhrani, Vyhodnocovani, Computer-assisted Instruction, PouZiti
pocitaci ve vzdlavani



Abstrakti

Oppimisympaéristbjen arvioinnissa tarvitaan poikkitietegllidhhestymistapaa. Tietokoneiden
yleistyessd yha enemman, tietokoneavusteinen opetus seufiaketiitysta luokkahuoneissa.
Tietokoneiden kayttd opetuksessa Iuo rippuvuuksia oppimisymparistdjeasatekijoiden

valille, jolloin naitd monimutkaisia suhteita on vaikeampi afda. Viimeisten vuosikymmenien
aikana kaytettavyyden arviointiin on kehitetty monia arviomgnetelmid, mutta valitettavasti
niitd voidaan soveltaa vain rajoitetusti oppimisymparistojeviomnissa. Menetelmat antavat

kuitenkin arvokkaita virikkeitd opetusohjelmien kaytettavyyderointiin.

Tassd tutkielmassa esitetaan, etta yhdistamalla tarkasiimtistperustuva kyselylomake
teknologisiin ja pedagogisin asioihin helpotetaan oppimisymiest kaytettavyyden.
arvioimisprosessia. Nain teknologisten, pedagogisten ja kayygdikijdiden arvioinnin
paavaatimukset voidaan tayttdd. Tutkielmassa luodaan malli teksitdy pedagogisille ja
kaytettavyystekijoille (Technology-Usability-Pedagogy, TUR) esitetddn kehitetty TUP-
kyselylomake.

ACM - luokat (The ACM Computing Classification System. 1998 vam¥i H.5.2, K.3.1

Avainsanat kayttolittymat, evaluointi, arviointi, tietokonedséyttd opetuksessa
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1 INTRODUCTION

During the last decades, user interfaces have developed from ltextoenand-line
driven terminal screens to multimedia environments conrgctile whole population.
Designers and other persons involved in the development of usefaices have learned that
without the proper evaluation of prototypes, designs and releasedaites they can not
accumulate enough knowledge in order to achieve improvements initys@ximputers have
pervaded into the various fields of human activity. Nowadays, we fecad them nearly
everywhere, and education is not an exception. An initial neasevhy to develop just another
usability evaluation method is that we want to properly assdssrtersection of computing
and education. We want to enable educators to easily selectaimnlg environments they

use.

1.1 The goals of this thesis

This thesis has a few purposes: first to introduce to readers, getftmiliar with and
establish basic terminology concerning the evaluation of @dud environments. The second
purpose is to develop a model by which we would be able to carry out arpeew and
properly evaluate educational software also with nonprofedsiedaluators. Thus, we
emphasize the importance of the role of a peer review in thetgeleaf educational software.
It is a teacher who is responsible for this selection and thewiog thesis should establish a
framework facilitating an evaluation. There are plenty of ilsplevaluation methods readily
available, but not each of them can be used for our purposes. Alsp stiagies concerning
educational environments have been carried out. However, aidsem do not fit into the
requirement of the evaluation of already deployed environmentsdar to enable simple but
yet comprehensive evaluation and comparison of educhéoviaonments.

The core of the work is divided into the five fundamental partsideethe introduction
and conclusion: first we focus on traditional usability issubentmove on to the technological
considerations, while the third part is involved with the pedagmlgaspects of learning
environments. Existing evaluation approaches to educatiotiaigseare outlined in the fourth
part. The fifth part then integrates the knowledge of these thrsie barnerstones together,

creating an evaluation method which is intended tatiit the educational setting.



1.1 Background

The following paragraphs introduce and define the basic terngyolooncerning
usability evaluation as an approach of joined efforts of Humamy@der Interaction and

software engineering.

Usability and Human-Computer Interaction

Nowadays usability is quite a broad term discussed within varioeasarAccording to
the International Organization for Standardization (ISO) rikdin, usability is: “The
effectiveness, efficiency, and satisfaction with whichdim users achieve specified goals in
particular environments” [1]. From this definition it follow$adt usability should always be
considered in the specific domain or context, taking into accoeaitusers accomplishing their
tasks under specific circumstances. Currently, dozens of defigitid the usability exist, each
of them holding to a particular domain. In general, regardless o&tba of interest, they all
define usability as the ease with which users are able to use stensyshortly defined as the
ease-of-use. The terms effectiveness, efficiency andaztien are also well defined in the ISO
norms and we will come to the deeper details later in the chapter@nwmtroducing usability
evaluation.

With ubiquitous computing, we also have to think about usability in ¢batext of
everyday things such as microwave-ovens, telephones, personikhield diaries, ATMs, and
all of the other information artifacts that interact with pés However, the main focus and the
field of our interest is in the usability of softwaapplications for the educational purposes.

Within the recent years, system designers and developers hapaidenough attention
to the ease-of-use, mostly because other factors have clouddthplortance of interaction
between humans and computers — HCI (Human-Computer Interaclibe)main focus has
been on functionality, efficiency and the speed of the apptioativithin cost and performance
constraints. Research in the HCI area has been carried ouwtrjlyimt academic institutions
and experimental laboratories of major corporations. Froemettihe discipline of HCI has
evolved gradually and today it influences not only the whole afemmputer science, but also
stretches far beyond. HCI, like usability, has many definitioifge most common, famous and
respected is: "Human-computer interaction is a discipline cowckerwith the design,
evaluation and implementation of interactive computing systéan human use and with the

study of major phenomena surrounding them” [2]. As clear as thisitiefins, it poses a wide



area of concerns. HCI is an interdisciplinary area and joinsynogher scientific disciplines like
cognitive psychology, linguistics, ergonomics, ethnology, $ast@&Ences and other relevant
topics from the humanities and computer graphics, artificiallipémce, operating systems and

many others from the computer science.

User Interface

Interface, as the wider term, is a boundary across which two imdigme systems meet
and act on or communicate with each other. Giving the actuakzbwf computer science to
the previous definition, by the term user interface (Ul) we médmnlanguages and devices in

the interaction between a human operator and a computer.

Usability engineering

Having defined both HCI and usability, it is necessary to idtrce usability engineering,
which is still a very new discipline. Usability engineering (JE a design process, which brings
together techniques, activities and tools leading to the dgliedéra usable (easy-to-use)
product. It is clear from this and previous definitions that it isessary to involve users in the
life cycle and this participation has to last during the whole @guaent process of the system
in order to create applications which fit for the intended use aredod added value to the
intended users.

Usability engineering is based on the iterative process ofilee interface development,
and like many other engineering fields, this cycle consist air fetages: analysis, design,
building and evaluation [7]. The iteration lasts until the evatrayields the required results.
There exist many other divisions of the UE life cycle, with yiag levels of granularity, as
found in for example [15]. During the analysis stage, users are inghter of the focus, while
analysts gather data about them, their environment and pracesseled to fulfill intended
goals. The analysis produces requirements which are used during the syktem's life cycle.
Also, the design stage is concerned with human factors. Durinddbign, the first prototypes
of the Ul are released, including appearance, control, functigreadd behavior. Later, during
the development life cycle, the best solution is selected afidede At the building stage,
developers take up the requirements and prototypes and join themimpiementing details
into the system that enable more refinements and evaludtlug.thesis is mainly involved in
the evaluation phase of the UE life cycle, from the perspectivis @haracteristics, desirability

and application within a certain context.



Usability evaluation

Usability evaluation as one part of the usability engineeringc@ss is an activity of
reviewing the product, leading to the identification and assessnof the conformance
between the system and usability requirements. In other wordsy tise previously given
definition of usability, evaluation leads to determining howyethe system is to use and learn.

This definition is one of the main corner-stoneshid thesis.

1.2 Summary

In this chapter, the goals of this thesis have been establighes basic terminology
concerning usability evaluation was briefly introduced. U#gb{las the central concept of
HCI), human-computer interaction, user interfaces and usaéitigineering are thus coupled

in a tight and clear relation.



2 USABILITY EVALUATION

This chapter introduces the main rationales, methods and thesifcations, and goals
of usability evaluation, explaining thoroughly all of the rethteerms with the main stress on
the feasibility of assessing the usability. Different apprascto usability as an evolving term
are presented as prerequisites to usability evaluation. A pragpaticof view is also given as

a complement to the well-established approach.

2.1 Usability, omnipresent 'Alpha and Omega’ of it all

Looking back into the past, we can see that attention to usabdis not been taking
either the primary or equal role in the development process witbftiner software engineering
parts. The reasons for this diminished with extensive rekeiar¢the HCI field (including a
wider spectrum of sciences involved) and insight in computing iretlezyday life (leading to a
closer relationship between the user and designer). A signiificaange has also happened in
the users population during the past decades. We can observe a gracesgencf using of
computers between the wide society. Designers turned towards htantors and the
development shifted from the system-oriented to the userdmde user-centered design
(UCD). HCI then gradually evolved and became important duringasethree decades of the
twentieth century, tightly connected to the development of perlscomputers and their
software. From that time on we could find the first real attesnfmiwards “user-friendly”
approaches to the interaction with machines, and also therinslels appeared (for example
the KLM and GOMS models, User-centered design or definition obilisegiven by Bennett
in 1983 [5], adopted in figure 1).

A step forward was the development of the HCI guidelines. Thesgused the general
design recommendations, display techniques and abilities, huniiiesabnd other knowledge.
Guidelines were developed on the basis of observations, lalignasearch and experiences of
researchers in order to accumulate knowledge. Although the guidelitgg hrave been
comprehensive [9], the main drawbacks of them were that theyduvne to be difficult to
apply, too tied to the technology currently available and theyllysdid not take into account
the actual context. These problems showed that guidelines aenaagh and as a side effect
they brought more support, speed and effort to the development of td#bkeniques and
methods supported by the research in HCI. Subsequently, during theddaade, the

technological development has brought an expansion to the use plters and therefore a



need for the evaluation of context specific areas such as mdiaméarning tools or the
mobile Internet. It turned out that usability and thus usabilitgieeering have to overcome the
borders of experimental laboratories and become an integrabp#ne software engineering
development process with the users as the focal point of inteResearch, technology
improvements, experiments and case-studies provide the excalieport for the integration

of usability engineering into the development actisitie
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Figure 1 Usability as a goal

Although powerful, the definition of usability from the first chaptis not descriptive
enough to conceive the overall concept which is commonly undsisby everybody. While
facing everyday interaction problems, we hardly think abowdatiffeness or satisfaction. In the
contrary we are likely to be very quickly frustrated if our home apgi&is not easy-to-use
although we do not suffer any serious harm. A bit mer®ss loss, in terms of time and costs,
arises from problems related to the usability of the workingiremment. And finally the real
dangers impend, if usability problems occur in life-critical compupplications such (as a
popularly given example) in a nuclear power plant's operatiom.

Even if the system can be designed with respect to effectiveardsefficiency, a
usability failure may lead to total dissatisfaction. The mainpomse of these examples is to
show the difference between a definition (ISO standards here)tlasm real world setting
(contexts) and therefore emphasize that the characterizafi usability is not equal to the

objectives and specifications of the real-world design andattteal criteria which we could



measure by the usability evaluation methods. To find a set @drizis the input to usability
evaluation, we have to unfold the prime definition of usabilitygaswulti-dimensional term and
establish its context. The first part of this quest is simplifticbctly by ISO 9241-11, which
explains how usability can be specified and evaluated in termsasef performance and
satisfaction. User performance is measured by the extent itthwhe intended goals of use are
achieved (effectiveness) and the resources such as timeymonental effort that have to be
expended to achieve the intended goals (efficiency). Satisfait measured by the extent to
which the user finds the use of the product acceptable [3]. The sasremeé then explains
the intention of ISO to emphasize the relationship betweehililgand context of use. This is

depicted in the figure 2.
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Figure 2 Usability framework, adopted from [3]

The context of use is formed by the user, task, equipment and emardnwhile each
of them influences the usability of a system. All these chardations, with an increasing
dimension of usability, now more concretely defined, are givingider area for the derivation

of method- and task specific criteria, which bringsgbssibility of measuring them.



Another definition is given by Nielsen [10], who does not preseritiatsand descriptive
definition of usability, but he considers usability re tcontext of the overall acceptability of the
system. Figure 3 shows Nielsen's view of the usability confEle overall acceptability here
consists of two parts, where the first branch reflects sgamaiented objectives (e. g. minimum
pollution and safety risks, ease of disposal, confidence, eth&@ats and others) of the system
while the second is part concerned with practical acceptahdsues. In the context of

practical acceptability, usefulness is identified as the “isfughether the system can be used
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Figure 3 Context of usability, adopted from [10]

to achieve some desired goal”’, comprising of utility and, finallgability. Utility is seen as
whether the functionality of the system can do whaieieded. Usability here is viewed as a key
and a multidimensional property of practical acceptability aretefore an inseparable part of
the overall system acceptability, the question of how well theraisan use the functionality
offered by the system. From the model it also follows, that iisais not directly connected to
the functionality of the system but to the performance of it. dding to Nielsen, usability
consists of five attributes: learnability, efficiency, memability, errors and satisfaction.
Learnability or ease-of-learning means that a system shalldd the users, who have never
worked with it before, to rapidly start their working and accowsiulg their tasks. Efficiency
of use refers to the speed of accomplishment for users with acogxeetience. Memorability
as an usability aspect means that a system should be easy tobemsmthat the user retains
the information about how to work with the system after soméoplesf not having used it and
this retention is assisted by the system. Error frequency ewerisy is the fourth attribute of

usability and corresponds with the error rate and ease of rangeom the error states of the



system. Satisfaction refers to the pleasantness of thengyste. the subjective satisfaction of
the user when using it.

To be complete with the definitions of usability, it is valuabteintroduce Dumas' [11]
perspective, which concentrates mostly on users. According ‘tisability means that the
people who use the producan do soquickly and easilyto accomplisitheir own tasky the
points sustaining this definition are the focusing to the usersdymtive performance and

users' decision about the product's ease-of-use.

2.2 Usability goals

Even when specified concisely, every evaluation of usabilikyuéd have pragmatically
selected goals, usually related to the context of application Tiggical questions posed by
users and to which they would like to know the answers are: “Ispifusluct generally easy to
learn?” or “Is the system we are going to buy useful for our purposes?isahe offered
application better than the one currently used?” Since none ofdihensions previously
defined in the context of usability is directly related to thgseeral questions, and none of the
usability evaluation methods are designed to directly address aswlearthese and similar
guestions, the user still has the right to ask them and obtainothleissicated answers backed
by the comprehensive underlying theories.

The selection of the evaluation goals directly drives the seleabf the evaluation
method. The more specific and narrow the goals aresdsier it is to select the proper method
of evaluation. Therefore, the setting of the evaluation gdadsilsl happen at an early stage of
the product development life cycle. As Dumas claims, the settimguahtitative usability goals
puts usability into concrete terms and forces the design teamnsid=r the product in terms
of users' tasks and users' tolerance for time and §ffbyt On the other hand, coming from the
previous definitions of usability, there also exist qualitatine @ragmatic goals. For instance, a
company implementing a product may require the application to eduatketielopment team
in the usability issues. Not everyone of methods which will deoitiuced in this thesis can
fulfill such requirement. The high-level usability questions, gahtarms such as learnability or
users' satisfaction, are often considered to be the most fumtaimesability goals. Each of
them can play differently eminent role considering the actuatexi of use. Thus, another
important consideration around the setting of usabilty goalghis actual context of
deployment. It is also necessary to add that some goals might b@@oto all techniques, for

example to uncover interface problems.



In conclusion, while selecting the evaluation method, one baslke into account the
context of use, it means the user tasks, user groups and the systemo wsaecthe product,
and the purposes of the evaluation. Once the objectives are prapesden, we can select the

method, or a combination of the methods to address aliem

2.3 Usability evaluation methods

Usability evaluation methods (UEM) are used to evaluate theraoten between
humans and the system in order to identify problems caused by inadedgsign. Although
there are many historical ways of identifying of UEMs, thiggis uses the following division:
there are three types of usability evaluation methods in genesability testing, usability
inspection and usability inquiry. Beside this main division, maodeand simulation techniques

form a separate group complementing the other methods.

Usability testing

Usability testing includes a wide range of methods, where the septative users are
involved in the evaluation of the system or prototype. It is inb@ot to note, that it is the
system which is going to be evaluated, not the user; and that théditydasting method is an
artificial situation. The evaluation identifies the areas afesign that need refinements, aiming
towards the improvements of the usability of a product. Usabiltstihg methods are in
literature sometimes referred to as empirical methods. Mostesh are commonly carried out
in the laboratories, under the defined circumstances as d$icieexiperiments. However,
usability testing has become more informal during the lastsyear there have been well
established methods developed with high reliability and vglidind thus confidence in them
has increased rapidly [11]. According to Dumas [11] (p. 26): "Usabitisting is appropriate
iteratively from predesign through early design, and throughout develogment

For the purposes of usability testing many different sources ofr@alpilata can be used
to evaluate certain interface characteristics. This dat@&hgsrequalitative or quantitative, the
latter category can be roughly divided into relative and absolute. ddne typical quantitative
data gathered during the evaluation belongs usually to time-domaits l{for example the
time-to-learn, the time to achieve first error, the reductiberrors in the time etc.) and error-
domain data (the number of errors on typical task, the rate ofemohieved during menu

navigation, the number of participants who have the same euilitative data is gathered

10



mostly by questionnaires and verbal protocols. Typical qualéatiata might be for example
the level of support in a high-risk environment. Each of the dathegatl during the course of
the evaluation has different importance of contribution, as ntepoby Ebling and John [8].
Their paper backs the claim that in a limited resources enviranifwehich is very often the
case), “collecting performance and questionnaire data shouklffieient” and “researchers
assessing the predictive power of an analytic technique mightlbe@justify collecting only
verbal protocol data as evidence for usability problems.” Thig\sshows how important it is
to collect multiple forms of data in the course of uggliesting.

The main ideas underpinning the usability testing methods arehbdest is conducted
under well established conditions, variables, goals and procedorerder to ensure the
scientific course of the evaluation and later analysis. Tlkegarable part of every usability
testing method should be the debriefing meeting with the paatits. Since the term usability
testing corresponds to a broad area of usability evaluationadsthhere we introduce only a
few of the main approaches.

The simpleperformance measurement technique serves to obtain quantitative data
about participants' performance when they perform the task dunmgvaluation test. This
data can be used as an input for different kinds of comparative tegisa®[11] claims that:
"A typical usability test now includes six to twelve participantstwo to three subgroups.”
This would ensure both statistically significant data and thescage of the usability problems
revealed.

Think-aloud (or thinking-aloud) techniques comprise of different kinds of methods,
encouraging participants to say aloud what they are thinking abbilg thhey are performing
the actual task. By this, an usability expert can uncover momeftsa aonfusion,
preconceptions or errors. Think-aloud methods have many sterggtticularly the wealth of
gualitative data collected and comments made by users. On the loanel, think-aloud
methods are unnatural to the user because it is difficult to forceigbes to talk about their
cognitive process.

Co-discovery is a technique in which two (or more) participants work together to
perform the tasks while talking to each other. The method islasinto the think-aloud
technique, but it is supported by the opinion that the dialog is mangalahan thinking aloud
alone and the observation of the interaction between usérgsbout more insight to the

interaction.

11



Active intervention is a method in which an evaluator sits in the same room with the
participant working on the evaluated product and asks direct questmngrdbe the
participant's understanding of the product. There is a significaf¢reifce between this
method and interviews, since the latter is conducted aftetetbte usually with distance to the
system. The probing questions should be not biased and should imetthe participant's
performance.

As long as the previous methods are affected by the barrier batyarticipants and
evaluators and by the overall evaluation setting, there wese @éveloped other, indirect
testing methods, wherein the evaluator is separated in the dim@nd) space from the
participant. These methods are callechote evaluations and often are mediated by a network
[12].

Usability inspection

Usability inspection is a category of UEM, consisting of numer@pproaches, having
evaluators inspecting the interface as an unifying charatitedf usability aspects. The group
of evaluators consists mainly of usability specialists but italso common that software
developers, users and other professionals take part in the examipaocess. With a few
exceptions most of the methods of the usability inspection doenral, based on the rules of
thumb, general skills, knowledge and the experience ofiavak.

In the situations where it is difficult to recruit and involve theal users into the
evaluation (proposed to be a usability test) or the project is ngnon a tight resources, the
usability inspection method is often selected to be carried ®inte many inspection methods
aim also to inspect the Ul specifications, they can be used duregdrly stages of the system
development life-cycle [6].

In the Heuristic evaluation(s) (HE) method, a few evaluators (usually and preferably
the usability experts) evaluate the system design by judging its @moplwith a small set of
established rules (usability principles), called heuristids, probably the most popular type of
inspection used nowadays, was originally brought up by Nielsen [H#tter with a set of ten
basic heuristics (listed in appendix A), which guide the evaluatoringluthe assessment
process. This set is not unique and can be individually adopted. Anylitysptoblem found is

evaluated for its severity and extent. Nielsen proposes usheg tto five evaluators for the
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heuristic evaluation; each evaluator works separately and goesgthn the system at least
three times. Among the biggest advantages of HE we include thad ibi cost method, well

documented, easy to learn and intuitive to perform. It can be apaliadarbitrary stage of the
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Figure 4 Usability problems found by HE as a function
of the number of evaluators. Adopted from [10]

development life-cycle. HE has, though, also few drawbacks, famgle it does not offer
solutions to the problems identified and the original heuristetivered by Nielsen are
considered to not have enough explanatory power; there is alsoede for an usability
expert. There should be more evaluators involved in the HE, &3 fsem the figure 4. From
there we see that to cover at least 75 percent of possible problemsed to involve around
five evaluators in the evaluation process. Adding more evaluatoes not increase an
effectiveness.

An important factor here is also the level of experience of theuator. According to
Nielsen, novice users are poor evaluators, whereas HCI expertshaut twice as good, and
domain and HCI experts are almost three times better to uncoadilitys problems than
novice users.

Cognitive walkthrough (CW) is a general name for a set of methods, similar to code
walkthroughs and based on exploration, where evaluators imaugnesers executing a set of
real representative tasks using the system under evaluatiorhystpp. The motivation of the
cognitive walkthrough comes from the view, that many people prefégarn some system by
goal driven exploration. The walkthroughs are performed by the design an expert in

cognitive psychology; hence it is the evaluator who tries to ad aser. As an input to these

13



methods we include the detailed description of the user populati@nfane design, set of the
tasks and sequences to complete them. Then for every part of epsnse a credible story is
established and evaluators perform the actions and assefisewht®e user would be able to
successfully complete the task with the given conditions and@mvient. The course of CW is
depicted in the figure 5. Since cognitive walkthroughs focus mainiyherattribute of the ease

of learning, using only these methods for the evaluation can dhgesystem design in the

Reading
about the
system

Reading
about CW

Defining user
and choosing
task scenarios

Transforming
task scenarios
to action
sequUences

Preparation phase

Walkthrough
action

sequences;

recod problam

Execution phase

Figure 5 The stages in a CW and dependencies
between them. Adopted from [13]

corresponding direction. The CW methods uncover the differenewmgslen the designer's and
user's conceptualization of the system and considering theiabdiies, they are highly
applicable and eligible to use during the early stageseafytbtem development but can be used
anywhere at any stage of the development cycle. However, CW esqaome degree of

knowledge of psychological theory and terminology andritlmtime consuming too [4, 13].
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Since the first version of CW has been presented in a proceediey pAACM CHI 90'
conference [42], CW is still in the focus of the active resealdte actual topics based on CW
and the related theory concern the cognitive walkthroughs Wb (CWW), adopting the
original ideas standing behind the CW for a better fit to up-to-tténology [14]. From here
we can see that certain efforts exist to transform the mettitsh have already proved their
usefulness into the new, context sensitive methods using thearideas, in this case the
World Wide Web environment. As Blackmon claims in their paper [14]The CWW
overcomes a serious limitation of the original CogaitWalkthrough.”

A pluralistic walkthrough is carried out during the early stages of the system
development, when the user, developer and usability expert groupstogsher and go
through the task scenario and discuss and evaluate the usabiiitg sf/stem represented by
the paper prototypes. Because these meetings are attended by the Hinds of people with
various skills, knowledge, experience and perspectives involveteiproject, they tend to
gain the wealth of opinions and cover most of the usability problePluralistic walkthroughs
are coordinated by the human-factors specialist; all of thergharticipants are asked to act as
the potential users of the developed system. The evaluation idyusaied out on the paper
prototypes of the interface as most of the walkthroughs; it meaas the pluralistic
walkthroughs are appropriate to be used in the early stégles development life cycle.

The formal usability inspection method was designed to support the designers
(without the knowledge of the usability issues) to review a productriteoto find a large
number of defects. Formal inspection methods are performed thrasghstep process with
strictly defined roles for each participants: the planning, a Kickeeting, a preparation phase
where inspectors review the interface individually, the maisp#cttion review when the
inspectors' lists of the usability problems are merged, and awellp phase where the
effectiveness of the inspection process itself is assessedl[i@]course of the formal usability
inspection has also an additional effect; it also edscite designers in the field of the usability
evaluation. The inspections can be held in the early stagessadekielopment process, thus
enabling more problems to be fixed sooner without the needefomiementation. Concerning
the properties of the formal inspection, it is highly feasibleifalustrial software development
environments.

Feature inspection lists the sequence of features used to accomplish the typical tasks,

checks for long sequences, cumbersome steps, steps that would mettuked for users to try
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and steps that require extensive knowledge or experience in ordsséesaa proposed feature
set [6]. Thus each feature is evaluated with the focus on usefuld&3s Recollect that
according to Nielsen, usefulness is the more general aspect afyshem acceptability than
usability. Feature inspection is best used when the functionshefslystem are already
established and known so their actual functionalitybmanompared against the specifications.

Consistency inspection is carried out at a meeting by the designers of the multiple
systems, with step-wise assessment of the differences hetwlee actual interface
implementation and their own designs. Thus the aim of these itispsds to produce the
maximal consistency throughout all of the components of theesy4tl7]. Because of the
special focus and attendance of acquainted parties these meetingseurdozens of
inconsistenciesStandards inspection is the simple method consisting in the assessing the
compliance of features of the actual Ul against the predefinediatds. Standards inspection
is carried out by usability experts.

The Guidelines and checklists approaches are used to support the evaluation experts
while practicing a certain usability (inspection) method, givihem the basic scope wherein to
perform the actual evaluation of the system. Guidelines address tittributes of a product,
which have been shown to improve the usability; following thedglimes should lead the
developers in the design of the system to conform to these guidelimkesherefore avoid the
usability problems. Checklists are meant to be used after develttpnbut before the
deployment; a system is inspected to check its compliance wihcttecklist items. As
mentioned before, checklists have originally had many serarnasvbacks. While trying to
capture the contextual sensitivity, checklists become toonsite, which causes discomfort
and less efficiency because they are slow to apply. Other caatiplis come while considering
the maturity of evaluators. Experienced experts are able ttergéneral checklist questions to
the specific system and its domain, while novice users or reddusers might have some
problems in relating general questions to a specific atjalit.

Perspective-based inspection (sometimes referred to as a scenario-based checklist
inspection method) techniques take the results of the inspectitimodwe research, integrate
them and focus on the system design from three defined perspedimedevels of users'
experience: the novice and expert user, and finally from theppetse of error-handling [18].
Perspectives are used to focus the inspectors' attention oniicspaeset of usability issues.

This focus should ensure a higher percentage of detection of theeprebélated to the certain
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perspectives used and thus the combination of different perspgdan cover a wider area of
problems uncovered than the simple iteration of one (geneg@ai®n) method with (usually)
one perspective in the focus. Moreover, the task scenarios atetasensure the relation of
the method to the users, the inspection method is well-definddre criteria are tailored to fit
into the user domain. Comparing the perspective-based inspedtiothe heuristic evaluation
in finding usability problems in a web-based application, th&t fimethod is about 30 percent
more successful [18]. From this it implies that assigning inspsctor a more narrow

responsibility (perspective) leads to higher performamcasability evaluations.

Usability inquiry

In usability inquiry methods, usability professionals gather tifermation about users'
opinions, likes, dislikes, needs and understanding of the actuansyshder evaluation by
interviewing them and observing them during their real workfgredbly at their working place.
Among usability inquiry methods belong field observations, tegtual inquiry, interviews,
surveys, questionnaires, journaled sessions, logging and semaeshots. All these methods
have in common the stress on observing the users in their wpdgarironment and many of
them can be done automatically and remotely as well.

Observation techniques are considered to be the main and most effective usability
inquiry method. An observation is carried out directly in thedfi@ihd does not remove the
users and the product they work on from the actual context, as islysiogle by usability
testing methods. It is one of the simplest and cheapest methodwvatiation, with the
emphasis in avoiding any interference with the users' work, #tik a very useful method,
regarding that on the basis of observations that some word gsorehave been improved to
include the templates as a special file category [10]. Observatynba carried out at any
stage of the development life cycle, including deployment.

Logging the actual use involves having the computer automatically ¢dlecstatistics
about the detailed use of the system. From the gathered data wend@arséful information
how the users actually perform their work. The typical informaticollected by logging
contains for instance the frequency with which each user invakesrtain function of the
system or the rate of error situations. If the frequency of usimgnes command which is

necessary to fulfill the task is low, it might indicate a sigrafit cause of problems or be the
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reason for removing feature out of the system. It is also p&ssiblog whole transcripts of
user sessions to uncover additional characteristitseaise.

The main strength of the logging method lies in the possible iategr of many sources
of data to obtain a statistically significant dataset about tleafssystem. Since we are not
limited to one working place and one user, the coverage of revgateblems is possibly quite
high. Logging is normally used as a way to collect data from theweaking environment of
the system after a deployment, but can also be used as a supplenmeathod during user
testing at the early stages of the software development lifee.cfitom the nature of data
collected by logging, it is difficult to measure user satisfactiothvthe system as the data
shows what operations the user did perform but it does not show wieations were not
performed at all.

Interviews are very common, informal techniques to obtain data of partidotarest
from the users. From the nature of the interview follows thatititerviewer should be one of
the development team members, preferably the usability expdrthanissues discussed are
related to the users' subjective satisfaction and their amsnitmterviews can be either open or
close, wherein the latter form the evaluator keeps more narrea @f interview. Interviews
can be carried out during any phase of the developmentdfe.

As a similar approach to interviews (in the terms of the data dfiqudar interest) are
guestionnaires, with the differences that they do not involve having an intsmer in the
actual evaluation process and there is no interviewer to aidutee with an evaluation.
Traditionally we recognize two forms of the questions, regardmgform of answers. These
are either open-ended (free-form) or closed, where the answex way to answer is
predefined. The latter form is usually preferred as long as users tidatber to write in
natural language. Even though questionnaires are flexible and easiset, the biggest
drawback of these methods is the low response rate, ranging tooot ahirty percent if no
incentive (compensation or reward) is offered. Another issuebéo considered while
conducting the questionnaire-based inquiry is the design of a queaiientself, being brief,
concise, impersonal, valid and reliable.

Focus groups are a kind of informal technique, where multiple users (usually frixnos
nine [10]) participate in a discussion session in order to addressneds and requirements.
This technique can be run both at the early stages (during the desigh)lao after

deployment. A moderator maintains the focus of the discussion agimgplanned script trying
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to boost up users' spontaneous reactions and ideas without imthitiie free flow of the
session. This requires a certain kind of experience from the ratmterThe results of the
method are also influenced by the experience level of the usiacg user groups differentiate
in their needs. Current real approximations of the focus groups appraee on-line
conference forums with certain issues in interest. Accordingthe Nielsen's opinion,
conference subscribers are often recruited from the aboseage involved users, which brings
biased results to the survey.

An inseparable part of the usability inquiry methods seiss feedback. This method is
inexpensive, simple and does not require the time of an usabiligrexn contact with users.
Apart from that, user feedback has more advantages. It is igitiatehe users, reflecting their
immediate reflections, needs and opinions and it is not limitech certain period of data
collection after deployment, which can also be considered asabdck. It has to be also
supposed that user feedback returns mostly dissatisfied usergranswich does not fully
represent the user population. Therefore user feedback should neebes the only method

for usability evaluation but rather as a complementaathod.

Modeling and simulation approaches

Modeling techniques accompany HCI research and usability ei@uiom the very
beginning. Most of them are the results of active research Inettid early eighties of the
twentieth century. The purpose of these models was to bring emgigervodels to the HCI
field. During the following years, these methods have been ingataip to today's maturity, in
order to decrease the time and cost expenses and to ease thaiatapplisince system
developers were not trained in psychological issues. The use afrpenfice modeling should
bring quantitative prediction and approximation of the user perdmoa (for example the
execution time or the time of error occurrence), thereforsgh@odels are proposed to be
used in the very early stages of the system development life.chicleever, one can also
model the users' knowledge, task environment and usdiateeas a part of the system [21].

Simulation approaches complement the classical evaluationod®tkimilar to the
modeling techniques, in the sense that they are a good source oftatiantdata without
involving real users in the evaluation. A simulation can be runmasy times as a required
amount of data is achieved, enabling the evaluator to drive thiergBon by different

parameters.
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The GOM S model, dating back to 1983, is one of the most widely known and validated
theoretical approaches. The GOMS acronym is created fromdhwaenents of the model:
Goals, Operators,M ethods andselection rules. Goals are users' objectives, describing what
the users want to achieve and can be further divided into the Estdbgoals. As the example
of the high-level goal we can use user's intentiomtite a letter while this goal is divided into
smaller sequences of subgoalsogen the editor, create a new file, write an addressl so
on.

Operators are the basic actions the users must perform in ordeffitdaHeir goals and
the actions that the system offers users to perform. In theegbmtf the graphical Ul the
operator is for instance the menu selection or other direcipukation action. The definition
of operators can be done at different levels of abstractionrdtupto the granularity of goals
but many GOMS models define them at a concrete ldy&(].

Methods are the given or learned sequences of sub-goals and opeusid to
accomplish the goals. It may happen that there exist more metbasomplish one goal and
the user can then select between them. For this purpose we neefintotte selection rules
which are personal intentions of selection from the variouthows to achieve a given goal.
Thus, goals, operators, methods and selection rules represernthdogene's personal
knowledge required to perform a task.

The GOMS as a concept stands behind many other models, for extmapéGOMSL
(a more natural variant of GOMS), KLM (Keystroke-Level Modeglified GOMS) or CTT
(Cognitive Complexity Theory) models are based on it. GOMS hafeva considerable
drawbacks: it defines its domain in the expert's performance xbehich goes opposite
while concentrating the focus on end-users) and witle@sing complexity and variety of tasks
the design and analysis of models get difficult, with ey grain.

The Information scent modeling [22] method originally served to generate and capture
the hypothetical users' interaction with a web site by trangrthe links on the pages. These
hypothetical users (here called agents) have some inforngtials which are compared to the
content of the actual page and until the goal is found in the page arsgfeeified effort (in
terms of time or links visited) the traversing (browsing) counés on the basis of stochastic
decisions. During the simulation, all of the steps of all of thendgg@re recorded the later

analysis.
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Petri Nets (PN) and their successor Colored Petri Nets (CPN) are matieainand
graphical modeling tools, which are widely used in the modeling simdilation of various
systems, providing the graphical and formal representationntia&es the design and analysis
easier. The PN approach has been applied for example as a model otlarbrdivser's
interface or in the context of industrial systems [23], mostlyatmalyze the navigational
structure of interfaces. Though there exist many tools thalitédei the modeling and analysis
of PN and CPN, using this approach for the usability evaluation gosetain needs to the
evaluators' skills. PN based simulation can be used during thesvelystem development life

cycle, while the hierarchical model of interactisrbuilt.

2.4 Comparison of usability evaluation methods

As long as the UEM are assessing the usability of the systegin, ghality requirements
are close to the usability of the system and we can demand iedfieess, efficiency and
satisfaction with them. By these we could compare the overability of UEM. Although
many comparison studies have been carried out, none of themsctheewhole area of the
usability evaluation methods.

As far as | know, a comprehensive comparative study including thdevded of usability
evaluation methods does not exist, only partial comparisons bega done. These studies
usually compare the ability of methods with respect to the numbeusability problems
revealed and cost-effectiveness, which are consideredeasialst important characteristics of
an evaluation method. This is a consequence of the different resprte of methods
belonging to different categories, testing, inspection and iggEor instance, Doubleday [19]
compares Heuristic evaluations (with five HCI experts) agaimst-@ser testing (pre-study,
observation and debriefing with twenty participants); pastiois are evaluating the graphical
tool used to support the information retrieval, resulting in tbaatusion that the HE is less
time consuming, assessing more than twice the number of prokddtinsugh not including all
of the problems found by the user test), but it has some lacks in ailtlydbe end users' task-
based problems.

Except for the cost-effectiveness and number of problems faehtKarat in chapter 8
of Usability Inspection Methods [17] includes more issues while ganing usability testing
and inspection methods. The comparison is done also with respegsability objectives,

reliability of findings, human factors, facilitation of theganizational acceptance of usability
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issues, timing issues and problem fixing. However, issues sucleaasability or context-
sensitivity are missing. Results from this paper (although cogete research mainly from the
beginning of the last decade of the twentieth century) stateuswtiility testing covers a wider
range of evaluation objectives, identifies more usability peotd, focuses more on the human
factors, may be used earlier while “it can provide high-level glesjuidance early in the
development cycle” [17, pp. 217], and provides more design improvemenmnneendations.
From the two previous citations we can see a contradiction. ttispemethods do not score
in the latter paper very well, which | conclude to be mostly due to filleut of paper
publishing dates and the overall focus. The conclusion drawn fhencémparisons is that the
best practice of usability evaluation should be based on the inatiin of usability testing
with the usability inspection method, although somesaoé@verlap may occur.

One important aspect of every usability evaluation is the nee@valuator attendance
during the evaluation process; for example during the whole courBeuwfstic evaluation the
evaluator is needed. For the proper analysis of results, it is akwagessary to involve an
expert after the evaluation. However, some methods do not regeirdirect attendance of the
evaluator at the actual evaluation process. This may be cordiderean advantage when
choosing evaluation method for systems already in usgnming on the low budget.

What is most evident while analyzing the properties of methadediin this thesis and
considering certain working environments, if not adopted te shiecial context or not adopted
well or the usability goals are not established properly, aentigability evaluation methods
usually capture only a subset of problems offered in the interactip even fall short
altogether. To overcome this weakness it is recommended to igermbore evaluation
techniques together, which should yield more comprehensiverageeof possible problems
and their symptoms and, even better, reveal the causes of tiEmwsn While evaluating
already deployed systems in order to enable the comparison oé\tbkdf usability between
different products, beside the context of use we also have to corwtider aspects, like the
maturity of evaluators or the cost of evaluation. The followiable overviews the methods

listed in this thesis.
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Method category Expert/ | Appropriat
Method name moderato |_€ phase’ Main advantage / disadvantage

rneeded A DB EID
Usability Testing
Performance NO e e | e e Comparable results/Don't find
measurement problems
Think-aloud YES e | e | e | e Uncovers users' problems/
Unnatural
Co-discovery YES oo e Dialog-based / Unnatural
Active intervention YES o oo
Remote evaluation NO o eoe

Usability Inspection

Heuristic Evaluation YES e o | e | e Cheap, intuitive/ Provides no
solution

Cognitive walkthroughs YES o | o | e | ¢ Theory based,task related/Expert
needed

Pluralistic walkthroughs NO / YES ) High coverage /

Formal usability NO / YES o oo

inspection

Feature inspection YES o|o|e

Consistency inspection NO oo Focused / Low extent

Standards inspection YES oo

Guidelines & checklists YES e | o | o | Low costs / Difficult for novices

Perspective-based YES o e e e User centered/

evaluation

Usability Inquiry

Observation YES o | o |Context sensitive /

Logging NO e | Integrate vast sources /

Interviews YES e o o e e Flexible / Subjective, time
consuming

Questionnaires NO e | o  Subjective / Low return rate

Focus groups NO /YES |e|e oo

User feedback NO e |Unlimited period/ Usually angry
users

Modeling and simulation

GOMS YES 1K) Validated / Experts' domain
Information scent YES oo
Petri Net YES o0 Source of data/ Requires skills

1 With Analysis, Design, Building, Evaluation, Deployment phases
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Table 1 Summary of introduced evaluation methods

2.5 Summary

In this chapter most of the important usability methods have b#epduced, together
with their main characteristics. One of the main points wenled from this chapter was the
importance of context-sensitivity. Usability has been shoag only measurable in specific
contexts of use. The main advantages and drawbacks of the variob#ityusvaluation
methods have been presented. It has been also shown that nohethchl is feasible at every
development life cycle phase together with the influence of théerdifices of different
evaluators' levels of experience needed which limits thelfdiasi Evidence has been given to
support the combination of different usability evaluation meth@dthough usability testing

and inspections have some overlapping areas.
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3 TECHNOLOGICAL FACTORS OF EVALUATION

This chapter considers the technological aspects of systemsié¢bd to be inevitably
taken into account while evaluating actual environments. Etialugoals here are seen from

the practical acceptability perspective of the system.

3.1 How a technology influences the tool selection criteria

It is difficult to assess the influence of a technology to usgtdlit long as no scientific
discipline exists involved in this problem. Ergonomics, in tkessical sense, only addresses the
influence of environment-specific issues to the one's workrdteoto achieve better adaptation
to one's characteristics. All natural sciences conclude tdapital criteria as a part of the
requirements, while they try not to depend on the technology -staaet. However,
technology has a clear impact on the theory and the theory themes the technology by
practical improvements.

Outside this cycle, technology and theory also influence humaagteeir environments
(and other technical systems). This influence has two sigednblogy supports humans but
also poses certain constraints. These constraints may velgatifect human performance, in
certain environments. Therefore, the people responsibleeirs¢tection of the tools have to
take into account how well the tool will fit into the actual emnment. Starting with this
general question, one comes down to the more detailed ones in e eavironment.
Although using the same technologies as single-user softwareronerxial tools, educational

tools differ greatly in their requirements and configunagi

TECHMOLOGY

HLUIMARMS

THEOQRY

Figure 6 Influences of technology
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3.2 Computer as a tool

Computer technology is still rapidly developing. User interfaceglaready broken out
the boundaries of the desktop computers; ubiquitous computing brings im@r@ction
possibilities with computer-backed interfaces to our lives. @& dther hand, it also brings
more challenges to assessing this interaction. The librarysed to visit twice a week may
turn to a digital form, the university can start to refer to itgedfa virtual educational institute,
we can hardly predict what kind of functionality will be offeredfn a new vacuum cleaner we
are going to buy next year. All of these and similar artifactd smterfaces, although possibly
still hypothetical results of pervasive computing, need to be asafll useful; both designers
and users want them to fulfill their expectations andsgoa

The other issue we face nowadays, brought by the iatimmsociety age, is a change in
the way we communicate with each other. Personal digital assss{PDA), mobile phones,
messengers and other tools contribute to the enlarging comatimniqpossibilities. Currently,
computers are also widely used as supportive tools within variougn adverlapping
disciplines. We were recently overwhelmed with acronyms suciC&CW, CSCL, CASE,
CAIl, CAD and many others. All these have in common the compuser anediator and
facilitator of the interaction between the task aref ws group of users. Most of these systems
also followed similar scenarios as the singleware develophistary; first the functionality has
been in the focal point and later the usability probletarted to be in the center of interest.

The World Wide Web (WWW) has extended to unexpected dimensions, starting from
an idea of hypertext supported by the military defense network in 1968 tgday coming to
the displays of our handheld devices. It can be said, that the Weht@sl has most users
amongst all with the most rapid growth of use; the estimation sumade recently showed
580.78 million users on-line [24] which counts for 9.57% of the global pojmuiaSimilarly as
with the beginning of computer applications development, firstdigigners focused more on
the content than the look (aesthetics) and usability. Witneiasing gravity of the electronic
communication, accessible technology and with commerat#din, the importance has been
laid also to the graphical layout and ease-of-use of Internes;sitevelopers of portals learned
that users will return to the pages which satisfy usability requar@s Thenceforth many
usability evaluation methods have been adopted and developedefaotitext of the WWW

and many standards have been established.
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Multimedia should not be regarded as a tool in the narrow sense of the ternsfaut a
supporting framework for many computer-based tools. We underst@nérm multimedia as
an integration of multiple output media in a single application. The p@pag multimedia
applications differ, which brings difficulties to the usabilityadwation. They might be found to
contradict if the guidelines direct the designer to implement cefftaictional elements in a
specific way in the entertainment multimedia tool and in the raditimedia database, for
instance the graphical appearance of dialog boxes or a way of freséhne information.
Thus, in the multimedia applications especially the focus on adsthes stressed. Also,
navigation in non-textual environment is a novel apgindaat has not been considered before.

Another important factor concerning multimedia is the commoaltimodality of
interaction. In the past, only vision has been involved ieratting with computers, which has
recently changed in the current multimodal interfaces, includiegring and haptic channels
(the smell and taste channels are still rarely used). Origingleloped usability evaluation
methods do not take these issues into the account. However, gegsdiies are considered as
a basis for the guidelines approach [28]. The Web and multimedia devetapamd their
integration allowed the launching of many of the servicedifatihg information exchange and
sharing, communication and conferencing, message sgrdiséance learning and so forth.

CSCW stands for Computer Supported Cooperative Work, the tools used in
collaborative work environments, also know as groupware. Tipjgplications of CSCW are
email, videoconferencing, but also multi-player games, all theiggins having the users
cooperating in the real time. CSCW goes alongside technology matednet development,
which is also concerned with the evaluation methods of groupwaois.tAs Steves in their
paper [26] claims, there exist basically two approaches to thai&i@h of the usability of
groupware which were studied to the detail.

The first way is through the studies of real collaborators (usersheir real working
environment, while the second approach prefers usability inspemethods. The decision of
which of these two approaches to use is difficult, as long as tlanparison is not clear and
one can hardly interchange each other in the usage. User-akriesting yields detailed
information about the work situation and is able to assess thepgrare tool in a particular
scenario. While trying to contextualize inspection technigtiese has to exist a mediator
responsible for that duty, in the methods which do not have théyatul adapt to specific

contexts. Inspection techniques, on the other hand, are ggniesl resource consuming.
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These findings are already known from singleware evaluation, ththgmovel asset is that
inspection methods can be usefully applied in the groupware toolsaial. For instance
heuristic evaluations [25] and cognitive walkthroughs have been add@7]; heuristics were
given meaning in the context of teamware requirements, theirepdeing fixed points from
where the evaluator can start is exploited. Originally cognitirsdkthroughs do not account
for multiple users and dynamical group work, though the groupware walkgiiwraloes it all.

Pinelle suggests to combine groupware walkthrough and groupware leessiuation in

order to test multi-user systems [27]. However, their method aamaldress social and
organizational issues arising from the real contexhwifi-user systems.

By the term Computer Assisted LearninGAL) we understand the information and
communication technology used to support the learning and knowlerlgearmge. CAL
includes both students and teachers using computers in all study tagksneans the
preparation for a lesson, active interaction mediated by compustssessing the results,
administration and so forth. Kopponen in her dissertation argines, “built-in educational
properties are the essence of CAbfhputer aided instructiorgpplications.” [35] Two of the
various CAL approaches can be shown : recently, because of thepsgdaling Internet, the
CAL group has been enlarged by the Internet based learningoenwnts (IBL), which is a
considerable part of educational software nowadays. The embeaidaugynitive technologies
into the CAL led to the development of intelligent tutoring syssg(ITS). The purpose of ITS
is to create a model of the knowledge and guide the learners througbattmen process in
order to fill the gaps between their knowledge and the hiogéemented in the system.

CSCL is the acronym for Computer Supported Collaborative Learning,hasda few
similarities with CSCW as a concept, though CSCW architecturamlynbelong to the
commercial sector. CSCL is considered as a part of the CAL tgodaip. Except for
collaborative learning, CSCL tools are also dedicated toitiigl the building, sharing and
negotiation of group knowledge in a school environment. The maalidee is that knowledge
is built up through group investigation and conversation. The tdwlukl support the
construction of arising artifacts within the learning eoviment, with a possibility to share and
access them from every virtual learning place. Once the artigabuilt up (for instance the
collection of links to Web sites, multimedia objects as pictutess or sounds), it becomes the

part of the groups' knowledge.
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3.3 Practical aspects of system acceptability

While developing usability evaluation methods, one has to nadfsghink about the
target systems characteristics and capabilities, whichiatdades the technological aspects of
the evaluated products. Given the end-user population, every evaluagthod has to take
into the account users' goals, tasks, the context of their wouk,tla@ technology they are
running. But there exist other issues to be considered while tign&bout practical usability
aspects. From Nielsen's concept of usability depicted in figure 3simely include costs,
compatibility issues, reliability of the system and other Jewel questions concerning the
practical acceptability. While concentrating on thraotion of the technical concerns from the
the ISO usability definition one finds the terrontext of usas conformed by the environment,
equipment, task and users, where all four parts directly influeneeptiactical, hereafter
technological aspects of the intended system.

In a real-world setting, usually all of properties of usability a independent, which
also has to be taken into account. In the terms of the task usei@mewe include the
description of the interaction between the user and technalogisources as long as the tasks
are performed on the actual system. The equipment and enviroimokrmte the description of
physical and social issues influencing usability. Such physmaditions are software, hardware
and working conditions (furniture, ambient environment and sp dhe environment also
consists of the social background such as cultural habits, workiggacand policy, privacy
and safety, administration and other relevant issues. Usapabilities influence aspects of the
system in two ways. Cognitive issues are covered by the ugapditt of the evaluation
scheme, while physical characteristics influence the aiuiégsof the system for the certain
group of users. It means that in a particular application modes sheuidféred for different
user groups, including disabled people, users of various agss dmdh.

Usability tests are mainly conducted in well-controlled eomiments, most often in
laboratories, which enables more control over the courseafiation. This control implicitly
includes the definition of the environment and equipment conditidtowever, with more
loosely controlled conditions, e.g. when moving the usabiétyaluation out from the
laboratories and addressing more informal inspection and ingoéthods, the variability of
working conditions grows; this poses a challenge on a certainad&ttadaptability to the
changing environment or, if possible, independence to the chgugimtext. This is difficult to

satisfy and goes opposite to the requirement for theaddthbe of general use.
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The following list summarizes issues needed to be included wbitsidering practical
issues of usability within system acceptability. The groupingheftopics is done on the basis
of their individual relativity according to users, tasks, envinemt and equipment, it means
that the context of usability from the perspective of ISO [1] isduddowever, some topics are
overlapping and it is not clear which category they belong te,idstance in the term of
reliability we include both effects of the system to the userd @so to the environment. As
with every usability checklist, one has to think about it as sttbje a continual change,
because the rationales underpinning the issues are changingeimviilthe development of

technology and research.

Availability and Compatibility

Into the availability and compatibility group of a practical eptability we include such
factors which represent possible influences of equipment to the,useir performance and

therefore they play an important role in the selectiba tool.

Software Compatibility

An institution intending to purchase any kind of new software appbois has to be
aware of the current system's software equipment and considerirththe terms of
compatibility between each other. It would be wasting of resesiif the new system is not
compatible with the other current tools, for example in the semissharing files between
different applications. It is common that modern tools enabj@eing and importing files to
and from the different versions of the application or even to faoch the applications from
different vendors. Although obvious, the dependence between theatmpis and operating

systems they can be run on is another importantrfacto

Hardware Compatibility and availability

Similarly as with software compatibility, there exist imjtlicequirements for the
hardware. The new system has to be compatible with the curredivhee equipment. In
addition, the hardware requirements, in terms of resources needead the product, have to
be fulfilled.

The cases of incomplete equipment clearly influence the possibiliusing the tool.
Also, if the tool has demanding requirements for the environméth are not easy to fulffill,

it limits the usage.
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Accessibility

Users will always drive usability issues. Every usability evathra method has to
consider the user population, which means different user groups frepettspective of users'
characteristics and limitations. Accessibility meang #haeryuser can directly uséhe system
without any further modification to the system and the systemm t@ offer various
customizationso meet a specific groups' needs. Cognitive aspects of the interaa mainly
covered by usability evaluation methods introduced before.tish@cceptability aspects of
the system influenced by the user population include mainly thesaibiléy questions, as for
instance different age groups. A considerable part of the populatsmnhals some kind of

impairment.

Support for disabled

Possibly a wide group of the users may have different disabilitiekjding various sense
disorders or the other physical constraints. There might alsde@p@ pressure made by
governments to require accessibility for people with disalslitiehich has to be satisfied
regardless of the usabilty of the software. Finally, there rbayusers with temporary

disabilities, e.g. pregnancy, fractures of limbs andsii f

Support for the age groups

Certainly there exist different requirements following the ageucture of the user
population, varying from children to the elderly. With the decmregabirthrate the population
also gets older, which poses certain requirements for the sydieims currently developed.

However, this aspect of the acceptability of theesysis related also to its usability.

Multilanguage support and localization

Almost every software application delivered nowadays offeespibissibility to select the
language of the user, which is often considered as an importantdeiat certain applications.
On the other hand, topics of internationalization raise gssi@ from the other side. Possibly,

the application should be run by different nationaliwsout any restrictions.
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Organizational aspects

Integration

One question which decision makers should consider is whetheryttens they are
going to purchase will fit into the curricula of the organizatiom.other words, how well and
how easy the integration of the new system will be, how big #ortethe organization has to
call forth towards the integration of the system into the currstructure from the

technological perspective.

Training

A typical question concerning the training may look like: “Wilh& organization be
forced to train the staff in order to allow it to work with themgroduct and utilize all of the
offered features?” Training might also be needed in the futurdagrierms of how big an effort
has to be expended while upgrading the system to a newer versiomagequestion which
every learning institution has to raise concerns the lack avhiliarity of working with
computers, both for the staff and students. Prior attitudes to theofusomputers may also

influence performance.

Maintenance and administration

Maintenance within the context of practical aspects of theesyss a term coupled with
the extent of efforts put toward keeping the system running antlifgifuser needs. Part of
the maintenance consideration concerns humans, in the $extdsuman resources are usually

needed to maintain the system.

Finance

There is never enough money. The previous sentence will a perspansble for the
budget in the company be constantly saying. Costs have to be catsiddwo ways. First, in
investments needed to purchase and install the system anddsedorthe terms of further
investments required to maintain the system, for instance toadpghe product or to pay the

support personnel.

32



Reliability

Every system is expected to be reliable. Reliability meamas the system will do and
behave exactly the way it is expected to. Moreover, the sys$tasnto offer ways how to

ensure reliability.

Privacy, Security and Safety

Technology is evolving in a high pace so that the law often doegeftact it. Beside
that, the environment should always be concerned with ance@iraisers' privacy, especially
under conditions where it is necessary to share and publish iafanm For instance in
networking environments, both operating systems and actadd ftave to support access
rights. Maximal safety also has to be guaranteed by the systéioh whould threaten neither

users nor their data nor the platform on which it img®o be used.

Fault tolerance and prevention

Fault tolerance is related to the capability of software tontadém a specified level of
performance if a certain operation fails or other unpredictaliélpms occur [29]. There exist
many systems that are widely used in which the mean-time betwesakdowns is much
shorter that users would expect. The best way to avoid the @srémsprevent them; in order
to decrease fault occurrence, the system has to actively prexems. Error-free performance
is also required by Nielsen's definition of usability attribytbst it is partly related to the
technological factors too. For instance the defects leadirtheanalfunction of some parts of

the tools should not occur.

3.4 Summary

This chapter introduced the approach of computers as a tool witksstreinfluence of
technological issues to human performance and usability. The imp®rtant examples of
tools that influence learning have been shown including compstgrported learning
environments. The match between the context consisting eéfsusasks, environment and
equipment and practical usability issues has been shown, leadithetaefinition of the

framework for basic technology-related usability issues.
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4 PEDAGOGICAL ISSUES OF EDUCATIONAL SOFTWARE

Until now this thesis has described both usability and the neldgical frameworks
concerning systems. When looking at learning environmeméshave to establish the basic
framework that consists of human learning theories and fiednhost important implications

and influences to computer assisted learning.

4.1 Human learning principles, theories and models

Many human learning theories and models have been introduced snpleculiar that
each of them influenced a certain period of our history as rekgareducation progressed and
in the same time, the theories were influenced by outside fctor instance by technology.
The common idea behind almost all of them is that, they stitesdmportance of the need to
learn in order to help learners live; to make decisions, leaorkvand adopt into the current
(understood relative to the time of each theory) environmiiotwever, not all of them are
relevant to the domain of computer or technology supported educationgven less of them
have been adopted. This chapter introduces a set of human-ledraeories and models which
have been found to be important and relevant to commeediated learning environments.

How do people actually learn? This question has been under heavyadteseamany
years. And yet another topic related to the computer scientevs,computer tools should be
designed in order to facilitate the learning process? And yinalbw to assess the usability
problems in the educational tools? Naturally, both of these $skaee been investigated at first
separately, after which the conclusion has arisen that ope@tion and an interdisciplinary
approach can yield tangible results. For educators with lack ofpaten science related
knowledge and usability experience it is very difficult to consideahilsy and technological
factors while implementing educational environments; for potar scientists without proper
pedagogical background is a hard quest to properly evaluate the usabilgiucational
environments. Thinking of learning and usability as independssues in the educational
software context is simply impossible. Design of tools for edocal purposes has to be
driven by educational theory [33].

According to Coles [31], people learn in three ways, which canstit the three groups
of human-learning theories: through modeling and imitationci@dearning theory), through
reinforcing the rules and through rewards and consequences (Beild@arning theory) and

through active dialog and thinking (Cognitive-developmental tyeoAll of these, in my
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opinion, can be mediated and faciltated by computer-basednadéay. Social learning
theories stress the importance of social surroundings in thairgaprocess over the actual
records. Building and maintaining the proper relationships is iplessvith the aid of
computers. Behavioral learning theories advance the constnuot reinforcements such as
rules, structures, rewards, punishments and consequences. Thasvanidefairly easy to be
done by the computers in my opinion. Cognitive-developmental ieare based on the
interaction, dialogue, their perception and processing.

The following part briefly introduces the main human learningaties, they are
alphabetically ordered, since the division into groups is done orbéses of the previously
mentioned three ways of human learning. The attempt to gather mlgaming theories

relevant to computer aided instruction has been madeppdhen [35].

Behavioral learning theories

Behaviorism

Behaviorism is more a concept or attitude than a theory of legrii simply states that
learning is the acquisition of new behavior, which is only atable, discounting any mental or
other internal learners' activities. Although obsolete,dvarism still influences the teaching
process, where teachers like to punish and reward students in ordapport their learning.
Many later learning theories based on behaviorism have beplied in the CAL, though
behaviorism has been found to be insufficient to fully explain &ortearning and therefore

methods based on it should be regarded accordingly.

Information pickup theory

According to Kearsley [30], information pickup theory “suggests tpatrception
depends entirely upon information in the "stimulus array" rathemtkensations that are
influenced by cognition.” More further, the perception is seefa alirect consequence of the
environmental properties and it does not involve any form of gbasory processing. The

environment should be realistic and unconstrained inraodicilitate perception.

Operant Conditioning

The operant conditioning learning theory is based on the qurafestimuli and response

which comes from the behavioristic framework. It states tlearning is a result of an
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individual's response to the stimuli in the environment withouhtio@ing any of the internal
(mental) states. Responses then produce consequences (asss)cidlie wealth of which
depends on the nature and frequency of the stimulus-response oceurtdnceover,
reinforcement is a key element of this theory, serving tongftieen the desired response. One
of the basic principles of operant conditioning says that a beh#vat is positively reinforced

will reoccur and the intermittent reinforcement istjgaitarly effective [30].

Mathematical Learning Theory

This theory attempts to describe and explain the learning psoioesiere quantitative
terms and as also Kopponen notes it plays an important role ingteeyhof computer assisted
instruction [34] as it was applied during the beginnings of first redl. Quantitative terms are
such as the mean time to learn some particular subject, varidmmrformance of the whole
class and so forth. There are two main principles that govermtibematical learning theory:
first, it is possible to develop an optimal learning strategy thoe particular learner while
detailed model of learning process is available and the secoindigte states that if the
learners have had enough time to learn then the optimal legpeirigrmance can be achieved
[30].

Cognitive-developmental theories and models

Constructivism

By definition, constructivism is a philosophy of learning basedthe premise that our
own construction of knowledge is the result of the reflection on ourrent or past
experiences. It means that each of us construct and refine oummaels based on our later
or current experiences and during time we adjust these models in rdérthem to our
newer experiences. In other words, learning and understandinddsbe “active, constructive,

generative processes such as assimilation, augmengtiself-reorganization” [33].

GOMS

The GOMS model has been introduced already once in the usabilityop#mis thesis
and belongs to the cognitive-developmental group of learningrigoGOMS is closely
related to human-computer interaction, describing informapoocessing as a sequence of

goals, operators, methods and selections between the metHbdsyving to search the
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problem space. Although originally intended for text editing task®MS influenced many
later psychologists and gave the framework for models such asittimatistic model or the

Soar learning theory which have been applied in l&sgarch and computer-based services.

GPS

The General problem solver (GPS) was a highly ambitious attemgintulate human
problem solving by a computer simulation program. The solving ef phoblem has been
broken down into sets of the subproblems and after solving thieenbof the subproblem set,
a general problem could be solved [30]. The GPS theoretical framewtroduced the use of
productions, meant to specify cognitive models. The whole behavas explained as a
function of memory operations, control processes and rulesd@&beription of problems as an
input to GPS turned to be critical and therefore GPS could be ushdironvell defined
problems. Although unsuccessful, GPS has had a great impact orhiabeies such as GOMS

or Soar.

Soar

The Soar theory has been based on the previous works of GOMS naodeBGPS in the
sense that it has built up on the idea of searching a problem spase.&PS the Soar theory
inherited the use of productions for expressing human cognition (3&jnking is the primary
concept of learning in the Soar architecture. Currently, Seansed in a variety of tasks,
mainly by artificial intelligence researches to implementamingly intelligent task solver, an
agent [36].

Social learning theories

Socio-constructivism

In the Soloway's articld_earning theory in practiceauthor, beside the definition of
constructivism, also points out that we have to include a sociatiext of the constructivistic
learning, what means that the learning process is an encultoyati the sense of the
collaboration within the certain group defined by its charasties including common habits,
language, practices, beliefs and others. By this contributieremonstructivism is enriched
and becomes socio-constructivism. Socio-constructivisnsiders both individual and group

cognition as the whole idea of learning. For most educators aarsitistic approaches play
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the key role in the learner-centered environments and albopting the learning process into

the computer supported situations.

Minimalism

The minimalist theory identifies itself as having its roaighe constructivism and gives a
framework for designing the instruction; it is especially irted for the development of
training materials for (adult) computer users [30]. Similarly tonstouctivism, minimalist
theory suggests the learning tasks to be meaning-full and setfioed activities, the
instructions should allow self-directed acquisition of knowledgel anodels. Moreover,
minimalism also stresses the real-world context of legriaind learning materials, using tasks
that provide error recognition and recovery and it supports theeaftirms of training. The

minimalist theory has been widely applied to the desigromputer documentation [30].

Social development theory

The social development theory claims that social interastjglay the main role in the
development of full cognition within a limited time span, the ageadfuman. This mean that
humans are able to fully possess certain knowledge only during aincgraiod of their
development. The social development theory as a general fratkemflrenced later works,

for instance the situated learning theory.

Situated Learning

The situated learning theory puts in the forefront the imporarodf activity, context and
culture in which learning occurs, in other words the situatioreafting. This theory forms a
contrast with traditional classes in the past, where thenmdion given to students was out of
context and usually too abstract. Knowledge needs to be presenteu authentic context
according to this theory. It also stresses the social aspestsidering the position of the
learner as a part of the community; collaboraticroissidered as a basic prerequisite leading to
successful learning process. Situated learning is relatedetintbrmation pickup theory and
the social development theory, which were its predecessorspstlyninfluences computer-

based training services [35].
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Unclassified learning theories and models

Multiple Intelligences

The theory of multiple intelligences suggests that there are matinati forms of
intelligences (as opposite to one general intelligence which prasumed earlier) and each
learner individually possess' every one of these forms in diffestegrees. The term intelligence
means the way how humans perceive and understand the world. GQumentecognize at
least seven forms of intelligence (alphabetically): body-¢thetic (e. g. ability to control the
body movements), interpersonal (person-to-person commumncatnd relationships, e. g.
social skills), intrapersonal (e.g. insight, self-reflec}iolinguistic (verbal, ability to use the
language), mathematical (e. g. logic, reasoning, inductive and deeutttinking, pattern
recognition), musical (rhythmic) and spatial (e. g. visual@ati The multiple intelligences
theory gives the framework for individual customization of theokhlearning process (i. e.

also assessment) following the abilities of eacimiera

The total human development model

The total human development (THD) model is a framework that iategrpsychology,
philosophy and technology in teaching. It stresses the equal iempatof the previously
mentioned sciences to the learning process, which meanghaaihilosophical foundations,
such as including development of the whole person witlemthole community, the context of
relationships and respect and responsibility; psychologicaihdations, such as social,
behavioral and cognitive-developmental learning theoried;tachnological foundations, such
as exploration through reading, understanding through problem sadwidgaction through
program development [31]. Since THD is more general and goes beyerdatsical human
learning theories it can be used as a foundation for the whaieitgporganization rather than

be applied to a specific subject of learning.

4.2 Educational systems and the HCI perspective

When comparing traditional tools with educational systems|atter are clearly specific
in the way that the user has more to learn in an educational dortexvever, another
difference comes up when considering the goals of users [32]. Aogefite idea of a user
having multiple goals, one has to establish the comparison ketite different levels of focus

upon the different goals. Beside the traditional perception, as'Usetsing on interaction
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goals (for instance saving their actual database view), in anatidnal setting we want to
focus on other types of goals.

The relationship between traditional and educational goals @dgies. There might
sometimes even be a contradiction between them (for examplintérface metrics should
drive the design of an interface to avoid user confusion, ovemrgaal fluency in navigation,
which can in some learning situations be beneficial); alsdsgmay be found to be subservient
[32], supporting each other. As Gilmore also claims, the focus terface goals might cloud
the more important goals, which in an educational setting arededdo be the learning goals.
Further more, in his three case studies of learning systemmpilalso disaffirms a few basic
HCI assumptions by revealing how performance and learningedated. This results in the
conclusion of the requirement of having separate learning arfdrpence (usability) goals;
shows the importance of learners' mental-models which altbergransfer of learning between
different interfaces; and finally Gilmore suggests that “thedfiés of direct manipulationas
known from HC]) for office users of technology may be a disadvantage to educatiseas”.

These conclusions change the HCI groovy guidelines m efeeducational systems.

4.3 Components of learning environments

According to Soloway [33], every educational system has to addness tinique needs
of learners:growth, diversity and motivation Growth is the main goal of education towards
the learner, the goal of education; it means the evolving lesrkeowledge by promoting new
ideas. Diversity considers differences amongst learners, glegider, environments, physical
conditions, cultures and so forth, in order to accommodate tlagiows needs. The third part
of learners' needs is motivation. While evaluating educatienatonments, pedagogical issues
are extremely important and have to be equally takereiotount with the usability factors.

Soloway further considers constructivism and socioculturismtwe theoretical
frameworks currently underlying the reform in education. Accaydin him, educational
environments comprise of theontext tasks tools and interfaces [33]. Context is the
environment in which the software will be embedded, how it wallised and who will be the
users. The second component of learning environments are $apkerted by the software.
Tools and interfaces have been covered previously in thissthBewever there are also
pedagogy-related issues in them which have to be addressed in thei@taloznvironment.
Learners have to be given the possibility to address each of thajue needs from each

component of the learning environment. For instance, propms ghould be selected and tasks
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designed to respect learners' growth and diversity and to irectbas motivation. At the same
time, the tool has to satisfiable fit into the current leagnégmvironment and complement other

teaching activities at the learning organization.

4.4 Pedagogical aspects of system acceptability

The Soloway's view to the structure of learning environments istrictly learner-
centered orientation. In the real learning processes theralao at least two other parties
involved. Namely, the teachers and the management. Thereifbile identifying the essential
issues of learning environments, we have to include also thesedles into the consideration.
Our initial framework of learning environments adopts Solowdgieas and consists of a
learner, a teacher, and manager and identifies how well aiterthes in the learning process
supported by an environment from the perspectives of the commooétie tool. Using the
previously given theories, we match the roles against the comp®ireorder to identify the
essentials of this intersection, the needs of eaitipant in the learning process.

In the following paragraphs of this chapter, the most vivid pooftthe intersection are

identified, categorized by the context, tasks, toolsirtedfaces.

Context

As has been shown earlier about the classical usability evatuatethods, most of them
are not context sensitive, which means that they do not takeifispenvironments into
consideration. Furthermore, in an educational setting, consexisitivity means that
educational goals change with the distinction of educational d@ndihere are definite
differences between software supporting e.g. geography course #nérsomeant to aid
math students and similarly, the information offereduioiversity students of geography differs
to that offered to pupils in comprehensive schools. We cleadythat the context is the

component where the learner's unique needs consideradfsect with the aspect of a tool.

Context

Considering the learners, knowledge needs to be presented in theauatbentic context
as possible and aligned with the learning goals. This clause isrextdimplication of

constructivism and the situated learning theory.
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Roles

In the learning process it is very important to allow every paréint to keep his or her
role in the teaching process and when appropriate to facilitetecteation of new profiles,

editing stored profiles and changing roles according to¢leés.

Personalization and customization

A learning environment has to offer maximal personalizaiimmrder to adapt to the
learners' needs such as growth. From the theories of learnthgl@relopmental psychology
we learned that each stage of learners' growth has to be aligtiedifferent learning strategy,
context and tasks. In its best, a learning environrsienitild be adaptable to the learners.

A learning environment has to provide many perspectives to perdee subject of
learning and enable their customization. This can be donereliy the tool itself, or by a

teacher or, if considering self-studies, by a learner.

Cultural diversity

Currently learning also encompasses cultural issues which bawe taken into account.
The education nowadays becomes more multicultural than ever andociaty becomes a
multilingual one. The tools should effectively build on the cultudi@ersity and, of course, it

has to represent knowledge in inoffensive way towarelstitural ethnics.

Credibility and trust

One of the primary aspects of every learning system is the digdif authors and
sources. This becomes more crucial especially for the Intemesburces. Therefore, the
requirement on all the resources being clearly and nigglyweferenced has to be satisfied.

Educational environments should also support learners' trusein. thhis support has to
be concerned throughout the whole learning process and throughthg aomponents of a

learning environment.

Tasks

Into the tasks group as a component of learning environment, wegmaze the
activities, means, setting, conditions and the surroundingrigddithe successful attaining the

learning goals.
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Motivation

All of the tasks that lead to fuffilling the learning objects/éave to sustain and even
increase learners' motivation when needed. The environnasriohgain users' engagement and

interest, learners often need an additional encourageémenstain the motivation and interest.

Goals

The traditional perception of the interaction goals falls shanren considering learning
environmentsLearnersshould be given specific and clear learning goals under instrution
situations, but while they discover new knowledge thesgstabuld be less focused.

It is also theteacherwho establishes the goals and wants them to be fuffilled. Thefuse o

certain learning environment has to help to satisfyteacher's goals.

Task sequence and level of abstraction

According to the minimalistic and constructivistic approacha learning activities
should be self-contained and independent of the sequence. Onhdrehaind, there might be
situations, where it is necessary to follow a certain task sempiéo properly construct the
knowledge.

The level of task abstraction closely corresponds with thenie@ goals. The learning
environment should properly offer a combination of low- and Helel tasks to completely

support learners' comprehension.

Real world match, authenticity

One of the most stressed characterizations of an optimalitgaprocess is the match
with the real world. The learning is of no value if it refers tdifaial environments or tasks.
The environment has to allow learners actively acquire the kedye and the knowledge itself

has to correspond with the needs of a modern society.

Knowledge representation match

There has to be offered a proper representation of the learnimgidabjects for the
learners, for instance by the means of an adjustable level stfaabion according to the

experience and growth of the learner or by integratimgigh means of representation.
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Tools

As stated before, all learning environments consist aldbetools being used during the
learning process. Technology-related issues of the toolsdaessed by a separate chapter of
this thesis. Nevertheless, pedagogy-specific or learning-gpéedls’ factors still need to be
covered.

A complex tool should possibly comprehend the whole learning gssicin terms of
time, the period starting with teachers' material preparasiod finishing with the course
assessment; and in the terms of persons, including all invqgleeties, learners, teachers and

process managers, classes and surrounding persons,docéarners' families.

Learning styles

As Collazos points out: “Success in collaborative learning esibmatter means both
leaning the subject matter (collaboration to learn), anchleg how to effectively manage the
interaction (learning to collaborate)” [37]. Taking the carsibns from previously mentioned

theories, every learning tool should also offer addiéfesent learning styles of the learners.

Learning materials management

If applicable, the tool should help teachers prepare, edit and dbarning materials.
This can be done also by an external application, while theifgemvironment uses it for the

material management.

Learning process management

This part of learning environment offers the perspectives afnieg process to the
managers. Beside that, the tool should enable different vievusatoers' performance during
time to facilitate assessment. If the nature of learning geteon the collaboration, the tool
should facilitate groupwork, e.g. by providing the means for comnatioin, sharing and

monitoring of the learning process.

Interfaces

The usability part of this thesis considers the effects of tterfiace to the performance
in a traditional HCI way. However, new consequences arise bgdakie learning environment

into account, which are not explicity mentioned as being péarthe interface's usability. In
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addition and as has been shown above, some principles of HClitysatijht be in opposition
to the fundamental requirements of learning environments. & fpei learning situations, error
free performance is not always desirable. Even more attestionld be put towards feedback,
which has to support students by suggesting and encouragingekiesteps.

The interface of the environment should distinguish betweenlghener, tutor and
manager. It would not be appropriate if the layout of the interfaceuldv lead to
misunderstandings of the main conceptualization, for instanshauld be able to accept
different formats of inputs. Taken altogether, interfaces havebd tailored to the tasks

performed and learners' needs.

4.5 Summary

The most important human learning theories have been introdincebis chapter.
Behavioral theories are concluded as being on the opposite sithe spectra to the theories
based on the constructivism. Constructivistic theories brotlghshifts in education, from the
teacher-centered to the learner-centered, from the sclwdifetlasting education, from
focused learning to holistic approaches. The modern educatioold should follow these
shifts. However, behaviorism and other learning tiesastill have to be taken into account.

As a conclusion drawn from the theoretical frameworks, the résdepedagogical
aspects of educational environments have been introduced. Thicpee ureeds of learners’,
growth, diversity and motivation have been identified; threenmales involved in the learning
process, the learner, the teacher and the process managerdewvaéntified; and learning
environments split into the context, tasks, tools and integawhich yields the categories of
pedagogy-related factors. Pedagogical issues of learning enérasimave been established as

the criteria of fulfiling each roles' needs in thetidst parts of the learning environment.
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5 USABILITY EVALUATION OF EDUCATIONAL ENVIRONMENTS

5.1 Existing evaluation approaches of educational environments

The lessons learned from the development of traditional usadilaluation methods say
that without appropriate evaluation techniques, the developergingesiand other responsible
staff do not accumulate enough skills, knowledge and experience tolaitier systems. This
claim is valid throughout all the systems including learning envinents and is independent of
any application area.

Kopponen in her dissertation argues that the design and evaluatiofl afnvironments
are based on four demands: domain-based demands, instructionalddernger interface
demands, and pragmatic demands; her point of view is close to Sdsodraigion of learning
environments presented in the previous chapter. Based on thespegives of CAI,
Kopponen developed a set of criteria used for the evatuatithe CAl courses.

Similarly to the traditional HCI usability evaluation, the dins#ons of methods for
educational environments vary from summative and formatiteough quantitative and
gualitative, controlled and formal experiments and obsesmatiand informal methods.
Considering groupware as an approach to learning environmentogeweht, plenty of
evaluation methods have been developed for the collaborativaidofor instance heuristic
evaluations have been adapted to collaborative environm&atiser shows many of the
problems that appear when trying to apply known HCI evaluation nastiwathout proper
adaptation [25]. Generally, heuristic evaluation does not focus echamnisms of interaction,
therefore HE here is based on mechanics of collaboratienbaisic activities of shared work;
this expanded approach is deemed to also uncover problems whiobt d@nnovered by the
original method.

Heuristic evaluations have been also used as a model in the w@§uifes and Preece
[40], directly targeting the prediction of usability in learningveanments. They enriched
Nielsen's original idea by the socio-constructivist view @rfeng, yielding to “learning with
software heuristics”, which brings better contextual seriitito the inspection method.
Another example of an adaptation of the classical HCI methodeiggtoupware walkthrough
[27], based on the cognitive walkthrough method. Similarly as in Hie adaptation, the

groupware walkthrough is based on the mechanics of codiibo.
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As mentioned before, many learning environments are basedthe multimedia
framework. The evaluation of multimedia software does not diffemf single-user systems
very much, though there are special issues that need to be codsid@renstance more
attention has to be paid on cognition related factors. Oneeétlaluation approaches used in
multimedia is the guidelines review [28].

Finally, one of the most used approaches to the evaluation of edin@bsystems is the
checklists and questionnaires method. In the following sectiofew of currently used

evaluation checklists are introduced.

5.2 Existing evaluation questionnaires

Checklists are one of the most often used usability evaluaticmigues and belong to
the inspection evaluation methods group. The main purpose of usinglistes to assess a
systems' conformance to the established principles of el@udecently, plenty of checklists
have been developed, mostly aiming at Web environments. Ingkiesections | will briefly
introduce some current checklists meant to be used by the end-imsets €ase by teachers)
in the evaluation of educational environments, the Delta ci#tckhd Ravden and Johnson
checklist. Morecomplex evaluation based on the checklist approach is introduced in the
handbook by the Learning Technology Disseminatioraling (LTDI) [39].

Ravden and Johnson

The Ravden and Johnson checklist [41] has about 120 questions sepégntated
categories addressing certain aspects of usability, for instarsual clarity, information
feedback or consistency, which keeps and leads the evaluatergi@t to these aspects. The
original Ravden and Johnson checklist influenced many lateckiibebased approaches.
However, it can be declared to be obsolete as it does not fliléll requirements laid on
contextual sensitivity.

Ravden and Johnson's checklist is divided into eleveiossc
Visual clarity
Consistency
Compatibility
Informative feedback

Explicitness

o g s w NP

Appropriate functionality
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7. Flexibility and control

8. Error prevention and correction
9. User guidance and support
10.System usability problems

11.General questions on system usability

As argued in [16], the method is thorough in the usability mattersiléWhodified to
implicitly expect numerical answers, the use of the Ravden andséwhchecklist has been
found artificial by teachers who are used to giving numerical ggattee Ravden and Johnson
checklist also does not address pedagogical issues and since it intladethan one hundred
guestions, it is long to apply. | see the good points of the Ravden @masdn checkilist in
leaving out the '‘Comments' fields to evaluators and its strudtapproach which guides the

evaluator.

The Delta checklist

As claimed by itself, the Delta checklist “... can be used in otdegauge the quality of a
computer-based interactive learning facility with respecitsobasic aesthetics, the nature of
the learning environment which it provides and the types of pedagogyved.” The Delta
checklist provides 13 categories and two open-ended questions; igmaky been developed
for the evaluating of educational CD-ROMs.

As | mentioned above, the Delta checklist introduces I2t@gories:

Engagement
Interactivity
. Tailorability

. Appropriateness of multimedia mix

1

2

3

4

5. Mode and style of interaction
6. Quality of interaction

7. Quality of end-user interfaces

8. Learning Styles

9. Monitoring and assessment techniques

10. Built-in intelligence

11. Adequacy of ancillary learning support tools

12. Suitability for single user/group/distributed use
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13. Avalilability in terms of cost and delivery platforms
14. Outstanding strengths and attractive features

15. Outstanding limitations and weaknesses

Certainly, the Delta checklist pays attention to the cogniavel pedagogical issues.
However, | feel the Delta checklist is not comprehensive comgano the other methods of

usability inspection evaluation and it does not suppopisea review based evaluations.

LTDI checklist

The LTDI checklist is a multipart questionnaire, attempting toezoa wider area of
learning environments. This evaluation instrument congi$tseven parts meant to be used

during the various states of evaluation and implementation olemaing technology. LTDI's

first step evaluation checklisincludes about 100 questions and covers aspects of learning

effectiveness, usability, presentation and the content &fvace. The author leaves the
decision of what is important and relevant up to the users of ceedidachers; the checklist is
meant to support teachers' decision of which software to use ie#éneing process, in other
words it should guide them throughout the review of the software undectia. The
opening part considers issues prior to the selection of learnfiggare, while the following
parts guide the evaluators step-by-step and address the first ilopggdsteraction perception
and presentation of information, closing with pedagogical issdieratching strategies with
objectives or assessment. After this guided walkthrough, the stim@darating of usability,
layout, and academic content attainment of learolifertivesis offered for evaluation.

Another part of the LTDI checklist is the open-ended questionrfair@re- and post-
intervention. The tool also gathers information about studeogsnions, attitudes and
confidence in the software.

The LTDI first step checklist contains several parts; the sdquart, called the “step by
step guide” introduces the checklist consisting of theviotig categories:

1. First impressions
Level of user control and interaction
Package design and layout
Prioritization and presentation of information

Provision of student support

o g s~ w N

Matching strategies with objectives

49



7. Feedback support for users

8. Assessment

9. Moving between sections

10.Overall evaluation — usability, layout, academic contentairattent of learning

objectives

The LTDI checklist seems to be more comprehensive in attemphdcetaluation of
learning environments between the checklists introdpoedously and to be the nearest to the
facilitation of the peer evaluation. However, in my opinion @shalso a few considerable
drawbacks; LTDI does not address technological factors and itdesl misleading questions
in the checklist (e.g. “How many icons appear regularly on the s@r&@an you describe each
of their function?”) without further explanation, which does gate any help to the evaluator
and therefore makes the evaluation inaccurate. It may be diffmulnexperienced evaluators
to find the relation of questions similar to the one mentionkdva to usability issues. While
the selection of the parts to be included in the evaluation is upeddacher, it is thus difficult

to compare the results of evaluations of the certamr@ment.

5.3 Summary

The usability evaluation methods of learning environmentsetully used have been
introduced along with the deeper insight to the three represessatif the checklist-based
evaluation. The main characteristics of the Delta checlfistyden and Johnson checklist and
LTDI checklist have been highlighted. While comparing the cajpigsil of the introduced
checklists, one has to consider the different purposes of eacleimwf @and the purposes of the
method we are going to develop.

Ravden and Johnson have developed their checklist in the latiesigh the twentieth
century when the impact of an innovative technology has beenghetut to start. This
checklist is generally criticized for its extensiveness arfficdities with relating questions to
the actual interface. However, the Ravden and Johnson questionis thorough and
comprehensive in the terms of traditional usabilsyés.

The Delta checklist has been primarily developed for the evaloatif multimedia
learning CD-ROMSs, which had a clear influence on its structiités is apparent in sections
like 'Quality of interaction’, 'Learning styles' or 'Monitlog and assessment techniques'. The

Delta checklist has been used in the study which aimed to find #fenped evaluation scheme
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among the teachers and it received a better reception thaRa¥en and Johnson checklist
[16].

The LTDI checklist is a result of focused study and research at mgiéng learning
technologies in Britain and addresses the most of educationasissom group. It is a

comprehensive and multipart questionnaire aimed to bi#shaid to the teachers.
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6 THE TUP METHOD

The change of context of evaluation to educational environnraiges many interesting
and important issues. In the previous chapters | have pointed owmdbkeimportant factors,
viewed in the perspective of usability evaluation, underlying gtesdevelopment and the
evaluation of educational systems. Usability methods have bgsduced as a traditional
approach of evaluations. Technological aspects of systems hese froposed as being
integral parts of every evaluation. And finally, pedagogy-relatguics have been quoted and
shown to be an integral part of educational environments. Thaeswtiole model of learning
systems evaluation comprises of technological, usability arthgmgical issues taken into
equal concentration. This framework ensures the sensitiitthe evaluation to learning
environments, while the usability and technology-relatedes are still covered. The following

part of this thesis establishes the TUP (technologability, pedagogy) model.

6.1 TUP approach

It is up to the teachers which software they will select forirtkeurses. The number of
learning environments grows rapidly and most likely this asegihtontinue in the future. To
help educators with this decision and to facilitate their negi®f the environments, an usable
usability evaluation method should be developed, with equal attemti usability, pedagogy
and technology related issues. Practicing this method shoeld gasier and accessible
comparisons of educational systems and therefore ease théoselef educational software.
While the classroom teachers are not usability experts, thpogeal method has to offer a
way, how to ease the evaluation for them.

Using the checklists in form of questionnaires fulfils thesamay requirements and
gives the possibility to practice a peer evaluation. Questioesidiave also other considerable
advantages. They can be easily maintained, data can be gathsig@meindependently from
each evaluator so the time span is possibly unlimited. If the dedigmestionnaires is made
with respect to later processing, the retrieval of results caeftaetively tailored. Further,
while practicing a checklist based evaluation, there is no fieedn expert attending to the
actual evaluation process.

However, special attention has to be kept on the actual questiahe ahecklists. The
formulation of particular question can influence the evaluatodsa@msequently the results of

the evaluation; the language of checklist items should be neutealige of negatives should be

52



avoided in order to not mislead the evaluators. The evaluatangidive helped to recognize
the different importance (weight) of the questions. Similarlpartant consideration has to be
carried towards the form of answers. For instance, the Délezldist uses both numerical
fields for 13 questions and two open-ended (free form) questions. LEBs a combination,
however mostly boolean YES/NO types of answers are used. Quesities themselves can be
evaluated for their validity and reliability after a statistlly significant amount of data has been
collected.

A checkilist for evaluating learning environments should bestmiected in order to enable
wide application and to be easily adaptable for the possible itivevanvironments. As shown
in this thesis, learning systems may differ, starting frore gaper-form lecture notes to
including collaborative systems, multimedia and Intebaested services.

The purpose of the TUP model is to facilitate teachers in theieveng the learning
environments and sharing these reviews [16]; because of tihe afentioned advantages and
for the main purposes of evaluation, the checklist approach to tidaagion has been selected.
The TUP model equally concentrates on téehnological usability andpedagogicalssues, it
is aimed tgprovide a peer-reviewnd @cumulate the knowledge

The general idea of TUP also consists of the actual evaluationwtbch uses the
proposed checklist. By gathering the organizational informatithe data about the
environments being evaluated, the evaluators, and the ewalsathe TUP tool becomes an
integral part of the TUP model. The previously mentioned additioriaimation needed to be
gathered prior to the evaluation is outlined in appendix E.

The TUP method can hardly be categorized according to the divisionethods used
by this thesis. As based on the use of checklist, it is clearlysability inspection method.
However, from the viewpoint of its usage, it can beegarized also as an inquiry method.

Questionnaires also have a few drawbacks. As mentioned in théitysehapter 2.3, the
guestionnaire-based studies suffer from a considerably low resp@te. In addition, if the
checklist starts to be long the application of it is tedious. Evalsaalso tend to answer
according to more memorable events instead of unbiased expesieln my opinion, most of
the problems related to the use of questionnaires can be argitipgthe careful design of the
guestionnaire and its supporting system.

There exist a few critiques to the use of checklists as educatioallation methods,

for instance Squires shows seven drawbacks of the checklist appiodbeir article [40].
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Squires claims that “it is difficult to indicate relative weighgs for questions”, “selection
amongst educational software of the same type emphasisesitgsileather than differences”,
“the focus is on technical rather than educational issues”s‘itat possible to cope with the
evaluation of innovative software”, “it is not podsilbo allow for different teaching strategies”,
“off-computer, teacher generated uses are not considered” aatliagion in different subject
areas requires different sets of selection criteria” [40, p. 471].prbposed TUP method, the
TUP guestionnaire and the TUP system based on this model catdigeemove most of

these drawbacks.

6.2 TUP checklist

The following checklist is based on the previously visited tietioal backgrounds. My
purpose is to develop a wide checklist, whose content will be valitldtiring the next period
of the development of TUP; it means that the supporting envirohméinbe developed and
the questionnaire will be actively used for the evaluation oécteld environments. Further
experiments will be performed in order to improve theecage of the method. The checklist is
divided into three parts, technological, usability and pedagog&eécts. Further division of
each part is based on the previously established schemes. olagyunelated aspects are
categorized into the groups established in the chapter congeirentechnological factors in
this thesis. The division of usability factors partly followsetISO definition of usability and its
relation to the context of use and Nielsen's attributes of litsal?edagogical issues of the
TUP checklist are divided into the subgroups according to Solowagis of educational
environments [33]; most of the pedagogical issues arise from thtremtivistic theories of

learning, although other approaches integration implieset.

Types of answers

The checklist itself has to fulfill usability requirements to #dent that it has to be easy
to use easy to learn, and it has to be understandable. In additialnagws should not be
confused by the offered way to answer the questions. The faitpwable overviews the
possible types of answers. These will be later used to specifyyplgeof an answer, as long as
many different possible ways exist. The possibility of leavinguestion unanswered has to be
given to the evaluator, for instance by answering &pgtiicable’ or 'N/A'.

Questions which belong to the 'short numerically answered igmestand questions

expressing attitude offer ‘'middle’ or 'neutral’ values; that me¢hee is an odd number of
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possible values. In addition to the numerical representationxtaalecue is offered for the

numerical questions.

Type of answer Values Denotation
Open ended Free form text A
Boolean YES / NO B
Boolean tick Box v/ Cross X B
Short numerical® 5..1 C1
Short numerical + zero? 5..0 Cc2
Long numerical® 10..1 D1
Attitude Strong confirmation .. Strong E
disagreement

Table 2 Denotation of answers

Technological aspects

The following table summarizes the checklist questions addgegbia technological
aspects of learning environments. The division follows theegaries established in chapter

3.3. If not stated otherwise, the default type of an anga boolean type B.

Technological aspects Questions Type of
Subgroup answer
Availability and
Compatibility
Software Compatibility Does the system support the import/export of
external resources?
Is it possible to use the tool on different
operating systems?
Does the tool need additional software or
components to be installed?
Does the tool satisfy the requirements on an
free open source software?
Hardware Compatibility Does the system need some additional
equipment to function properly?
Do you need to use unusual external
interfaces, devices or media?
Availability Is the required equipment readily available?

2 Accompanied by a textual aid appropriate to the questign;"éery satisfacted..Very unsatisfied' or 'Very
low..Very high'
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Technological aspects Questions Type of
Subgroup answer
It is easy to set up the environments
necessary for the tool.
It is easy to install the tool (e.g. by an
installation wizard).
Accessibility

Support for disabled

Is the system adaptable to the needs of
disabled people?

Support for the age groups

Does the system distinguish between the
different age groups of users?

Localization

Does the system follow the regional setting,
e.g. format of numbers, time format,
keyboard?

Multilanguage support

Is it possible to change the language of the
environment?

Organizational aspects

Maintenance

Is it easy to maintain the system?

The system requires much maintenance.

Administration

The system is easy to administrate.

Training Is it necessary to train personnel in order to
use the tool?
Finance Is it expensive to purchase and run the

system?

Integration

Does the system fit into the organization's
technological structure?

Reliability

Privacy Is the privacy for users guaranteed?

Security Are the security measures adequate for the
system?

Safety Did you experience any health risks while

using the tool?

Fault tolerance

If any fault occurs, does it cause the
breakdown of the system?

Fault prevention

Does the system actively prevent the faults?

Defects

The system is free of technological defects
leading to malfunctions.

The system offers diagnostics tools in order to
find possible hardware or software defects.
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Technological aspects Questions Type of
Subgroup answer
General technological
notes
Did you notice any technological problems A
causing your learning objectives not to be
attained?
Table 3 Technological aspects
Usability aspects

Beside technology-related aspects, the TUP model also equaltentrates on the
usability aspects of learning environments. The followisgi$ obtained by taking the Nielsen's
views of usability, the ISO definition and the categories ofablshed usability checklists.
However, considering the influence of usability to the leagrpnocess has to take its part here
along with the implications arising from the core usability npiples. As long as the
pedagogical factors are essential in the TUP model, in cases otansistency pedagogy is
superior to usability. Therefore, the aspects usually covered hbiling evaluation (for
instance the match between the real world and the systemespmnding with the
constructivistic view to learning as well) were moved or partioved into the pedagogical
section. While there are contradictions between usability4 pedagogical requirements,

traditional usability aspects such as the low erra aa¢ not included.

Usability aspects Question Type of
Subgroup answer
Learnability

Users can rapidly start working with the tool E
without a long period of training.

Does the usage of the tool impose heavy
cognitive load to the users causing problems?

Is it possible to select advanced modes of
control according to the users' experience?

Interaction

Modes of interaction Does the tool offer various interaction modes
(e.g. sound, haptic channel) ?
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Usability aspects Question Type of
answer
Subgroup
The level of interaction with the tool
corresponds to the users' characteristics.
Are the means of interaction properly
selected?
Reversibility Do the users have the ability to 'undo' and

'redo' their actions?

Response time

Is the feedback offered by the tool within a
reasonable time?

Shortcuts

Does the system offer shortcuts for the most
often invoked commands or sequences?

Help

Does the system offer any help facility?

Is the help easily accessible?

Navigation

Are the users always properly informed about
their position in the system structure?

Navigation within the environment is easy and
natural for users (e.g. the structure of menu).

Are users facilitated to search within the
environment?

Memorability

Does the tool require re-training of usage
after breaks?

Does the environment require users to
memorize facts unrelated to the learning
objectives?

Aesthetics

The design of the interface is aesthetic.

Visual aspects

Text

Is text in the system clearly legible?

Graphics

The tool uses graphics appropriately.

Organization

The displayed information is properly
organized.

Audio

The tool uses sound appropriately.

Overall usability

Consistency

Is the environment consistent in terms of
design, navigation and terminology?
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Usability aspects Question Type of
Subgroup answer
The designer's model of system corresponds E
with the users' view, expectations and
perception of it.
Localization The system complies with the local setting E
and habits.
Is it possible to use the system by multiple
nationalities without restrictions?
Support for age groups Is it possible to use the system by various age
groups?
General comments on Which problems have you noticed while A
usability working with the tool?
Table 4 Usability aspects
Pedagogical aspects

The pedagogical issues form the core of this checklist and thus thesugerior to the
other issues of the system evaluation. The grouping of issuesvtloe categories established
in 4.4. Referred “learners' needs” in the following table conwith the unique needs defined

in the chapter 4.3.

Pedagogical aspects Question Type of
Subgroup answer
Context
Context Is the subject of learning presented in the
authentic context?
The usage of the tool fits into the learning E
setting (e.g. class versus individual learning)
The tool conveniently complements other E
class activities.
The content fits into the institutional E
curriculum.
Roles Does the system distinguish between the roles

of the users in the learning process?

Personalization Is the environment self-adaptable in order to
reflect learners' growth?

Customization Does the system enable the customization of
the perspectives of learning objects according
to the learners' needs?
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Pedagogical aspects
Subgroup

Question

Type of
answer

Cultural diversity

Cultural issues are addressed and properly
handled by the environment.

Credibility

Are the resources and references used in the
tool credible?

Is the information presented by the tool up to
date?

Trust

Do you feel the tool maintains trust in it?

Learners' ownership of learning is maintained
by the environment.

Task

Motivation

Are the tasks designed to maintain (or
increase) learners' motivation?

Goals

Is the selection of the learning goals
appropriate?

Is it possible to modify the learning goals?

Task sequence

Does tool enable multiple paths to achieve the
learning goals?

Are the task sequences adaptable according to
the learners' growth?

Task abstraction

The level of abstraction corresponds with the
learners' growth.

Real world match

Learning tasks correspond with the real world
tasks?

E

Knowledge representation
match

Does the system provide enough means for
the proper knowledge representation?

Does the environment provide multiple
representation of knowledge?

Tools

Materials management

Can the teacher prepare and modify learning
materials using the tool?

Can the teachers share learning materials
using the tool?

Is it possible for users to prepare a
presentation using this environment?

Process management

Does the tool facilitate the evaluation of the
learning process?

Is it possible to create tests, examinations or
assignments using the tool?

60




Pedagogical aspects
Subgroup

Question

Type of
answer

Does the tool provide process management to
be secure for all the parties?

The process management follows
organizational requirements.

Learning styles

Does the tool offer self-directed learning?

Does the tool enable different learning styles
(e.g learning by exploration, learning by doing
etc.)?

Does the tool facilitate groupwork?

Is it possible to create notes or bookmarks
within the tool?

The tool supports the creation and sharing of
learning artifacts?

E

Does the tool support off-computer learning
activities? (e.g. motivates discussion)

Interfaces

Layout

The layout of the interface supports attaining
the learning objectives.

E

The interface layout contains all of the
information necessary to achieve learning
goals.

Tailorization

The interface of the tool is designed according
to the target learners' needs.

E

Is it possible to tailor the interface according
to the individual learners' needs?

While interacting with learners, does the tool
accept also alternative responses?

Overall pedagogy

Do you attain your learning objectives with
the tool?

Would you recommend the tool for learning
purposes?

What do you think about the educational
capabilities of the tool?

Table 5 Pedagogical aspects
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6.3 Additional notes about the TUP questionnaire

In the present, the TUP questionnaire represent a wide spectrunmsudsigo be
considered during the evaluation process. The content of quesitionand therefore the
guestions and the actual evaluation process have to be studiedaywkdrinto the detail and
the final version of the TUP model will be derived from that. Guntly, the TUP model
consists of 96 questions, where the technological part containge@ig, the usability part
contains 27 items and pedagogical part addresses 42 issuesranient.

After the TUP questionnaire's questions have been establighedyacessary to add a
few comments on the use of the questionnaire. Every question sheudtcompanied by a
thorough explanation in order to help the evaluator in relatirgy ghestion to the actual
environment. What did not fit into the tables above is thalfigifering the evaluator to add a
comment to every question. The whole evaluation process is gtadcinto the three basic
parts: technology, usability and pedagogy. The actual proceeding afvdduation should be

considered.

6.4 Summary
The TUP model constituting of technology, pedagogy and usabilitypbes introduced.

Rationales of using the checklist approach to the evaluation bega presented. The TUP

model has been established with the TUP checklisteridrm of questionnaire.
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7 CONCLUSIONS AND FUTURE DIRECTIONS

The usability of educational environments cannot be assesgettaditional HCI
methods. This thesis has shown a few HCI paradigms which are ircah&rary to the
requirements of the proper evaluation of educational environmérdslitional HCI evaluation
methods of usability mostly fall short in addressing the esalgpérts of learning environments
and the unique learners' needs as long as learning cannot be dmuataache pure usability
sense. However, every system interacting with humans wilhyd include some kind of
interface and that is the point where traditional HCI metho#ése fzart. This thesis argues that
it is possible to overcome the main drawbacks of using questi@mé&ir the purposes of

evaluation of educational environments.

The development of the TUP questionnaire has brought plenty of qogstioich should
be answered during the next stages. Namely: it is clear that éh@fsthe pure usability
principles has been reduced while other parts of the questionnairstr@ngthened. Does it
indicate that usability as such is not that important in educatiemaronments? Or does it
pose a question of rating the importance of usability within edanatienvironments? Another
issue interlacing throughout the thesis is the context of edutafifinat should be included in
the context of educational environments and what issues haveasutfluence on learning
that we have to include them in the evaluation? The developmeheajuestionnaire has also
shown that we have to gather information describing the aplitatand also the background
of the evaluators, their institutions, environments and asissipported by the evaluated tools.
The previously mentioned information are valuable sourceshiempbtential users of the tool.
Considering the maturity of evaluators and use of the checkhist,siystem facilitating the
evaluation has to be developed. The important issue which must beleced is that the TUP
method heavily relies on the abilities of the evaluators,téaehers. Their actual performance
during the evaluation clearly influences the results of the stuithallfs, the pedagogical part of
the TUP questionnaire is mostly supported by socio-constructivitis theoretical approach
is not completely developed nor implemented into the educatianatomments which may

cause dissatisfaction with the results of a TUP basaldation.

While thinking about the future stages of the development of TUBY, tite evaluation

tool has to be developed to facilitate the use of tHE Guestionnaire. Then a few studies have
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to be launched in order to collect data and evaluate the questieritsaif. My idea of the tool
supporting the TUP based evaluation includes build-in inteligenw@bleg the automatic
adaptation of the checklist to the actual application in order tditéde the evaluation. This
feature should ease the evaluation for the nonprofessionalsgoas, which are the main group
of users of the TUP.

In conclusion, | feel that this thesis has installed more gamestthan it has answered so
far. It is the result of the unexplored interdisciplinary topic cdis and it brings more
challenges for the future. This thesis, however, provides the foedt&al framework for further

research and development.
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9 ABBREVIATIONS

Abbreviation Description Chapter of the
first occurrence
or definition

ACM Association for Computing Machinery

CAL Computer Aided Learning 3.2
CSCL Computer Supported Collaborative Learning 3.2
cw Cognitive Walkthrough 2.3
cww Cognitive Walkthrough for the Web 2.3
GOMS Goals, Operators, Methods, Selection rules 2.3
GPS General Problem Solver 4.1
HCI Human-Computer Interaction 1.1
HE Heuristic Evaluation 2.3
ISO International Standardization Organization 1.1
KLM Keystroke-Level Model 2.1
TUP Technology Pedagogy Usability model

ucb User Centered Design 2.1
UE Usability Engineering 1.1
UEM Usability Evaluation Methods 2.3
Ul User Interface 1.1
WWW World Wide Web 3.2

69




APPENDIX A- The set of heuristics for Heuristic evaluation

http://www.useit.com/papers/heuristic/heuristic_list.html

Ten Usability Heuristics
by Jakob Nielsen

Visibility of system status
The system should always keep users informed about whainig on, through appropriate feedback
within reasonable time.

Match between system and the real world
The system should speak the users' language, with wordseplaiad concepts familiar to the user,
rather than system-oriented terms. Follow real-wodiventions, making information appear in a
natural and logical order.

User control and freedom
Users often choose system functions by mistake arhch@éd a clearly marked "emergency exit" to leave
the unwanted state without having to go through an extendémhde. Support undo and redo.

Consistency and standards
Users should not have to wonder whether different waitigtions, or actions mean the same thing.
Follow platform conventions.

Error prevention
Even better than good error messages is a careful desigh prevents a problem from occurring in the
first place.

Recognition rather than recall
Make objects, actions, and options visible. The useunldmot have to remember information from one
part of the dialogue to another. Instructions for ugh@fystem should be visible or easily retrievable
whenever appropriate.

Flexibility and efficiency of use
Accelerators -- unseen by the novice user -- may dpeed up the interaction for the expert user such
that the system can cater to both inexperienced andiesped users. Allow users to tailor frequent
actions.

Aesthetic and minimalist design
Dialogues should not contain information which is exnt or rarely needed. Every extra unit of
information in a dialogue competes with the relevantsuofiinformation and diminishes their relative
visibility.

Help usersrecognize, diagnose, and recover from errors
Error messages should be expressed in plain language (nd @odeisely indicate the problem, and
constructively suggest a solution.

Help and documentation
Even though it is better if the system can be usedowittiocumentation, it may be necessary to provide
help and documentation. Any such information should bgteasearch, focused on the user's task, list
concrete steps to be carried out, and not be too large.



APPENDIX B- The Delta checklist

http://www-interact.eng.cam.ac.uk/CAL95/Eval-Checklistl .htm

EC DELTA Project ILDIC

Integrating Learning Design in Interactive Compaddi

The Evaluation Check-list

The check-list presented below can be used in order to glaeggiality of a computer-based interactive
learning facility with respect to its basic aesthgtibe nature of the learning environment which ivjoles
and the types of pedagogy involved. Individual products shouddmssed with respect to each of the broad
evaluation categories presented in the check-list.
Basic Evaluation Check-list
1. Engagement
2. Interactivity
Tailorability
Appropriateness of multimedia mix
Mode and style of interaction
Quality of interaction
Quality of end-user interfaces
Learning Styles
. Monitoring and assessment techniques
10. Built-in intelligence
11. Adequacy of ancillary learning support tools
12. Suitability for single user/group/distributed use
13. Availability in terms of cost and delivery platforms
14. Outstanding strengths and attractive features
15. Outstanding limitations and weaknesses

©CoNOGO AW

Notes are provided in the questionnaire which outlinetvehimvolved in applying each of the evaluation
categories listed above. These notes should be usedaideamemoire; they should be read prior to conducting
either a single or a batch of assessment experimachsded with the notes is a list of key questions wigicdn
best felt to encompass the learning design featureschf@valuation category. Such questions should be
applied to each software product and used to form the beeradlusion about that product.

It is important to realise that no attempt is beinglent assess the learning effectiveness of producis s
would require more extensive controlled experiments inmghtioth pre-tests and post-tests.

interact-evaluation@icbl.hw.ac.uk



APPENDIX C- Ravden and Johnson checklist
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APPENDIX E- The outline of the TUP system

The following text serves as an outline of the TUP tool and tlewing evaluation. It
gives further explanations and references to the TUP checkligse notices should be used

altogether with the checklist questions in order to gwauator a help.

Proposed informational model

The TUP tool should gather various information about users, @mvients being
evaluated and about the evaluations, in the TUP model callecethews. From the previous
chapters it follows that the TUP system has to inquire the usackgoound, institution and
professional field. Further, concerning the environments uedafuation, the TUP system
collects identification and description of an application, itspmses and destinations, learners'
target level, resources by which the environment is servedpejtanguage of an application
and so on. The exact set of information which is needed to atoite the subject of an

additional research.

Additional notices concerning the TUP checklist

In the chapter 6.2 the TUP checklist has been established. Howewsder to facilitate
the evaluators' performance the following explanations shbeldused altogether with the
references to access more comprehensive information, dedeand available. The evaluators
has to be supported by the system. The keywords in the questions &ohighlighted and
the further explanations offered.

The following table contains the examples of the explanatemd references of the

keywords used in the TUP checklist questions, which might cause theultiés in the

comprehension.
Aspect Keyword Explanation References
Technology
External The tool enables to use e.g.
resources textual, graphic files, or

databases created in other
environments. These files can
be freely imported and used
by the environment and
exported to be used by the
external applications.




Aspect

Keyword

Explanation

References

Additional
software

In order to run the
environments, other software
packages have to be installed
which might or might not be
delivered with the
environment.

Components

E.g. various libraries (e.g.
graphical engines as OpenGL),
language interpreters,
libraries.

http://www.opengl.org

Open source

The package is freely
redistributive, of no cost, and
does not restrict any other
software.

http://opensource.org/
docs/definition.php

Additional
equipment

E.g. an equipment or
hardware which are not
usually available and have to
be purchased in order to
complete function (e.g.
joysticks, tablets).

Privacy

E.g. in the network
environments users have their
separate accounts.

Security

The environment protects the
sensitive and confident
information, e.g. by access
rights.

Fault

E.g. it is possible to safely
save user's work if the fault
occurs.

Diagnostics

E.g. the diagnostic tool checks
the environment for possible
defects.

Usability

Cognitive load

E.g. users of the tool are
forced to process the
information (not related to the
learning) from the previous
interaction stages in order to
complete the future dialogues
by which their attention is
split

Level of
interaction

Different user groups
embodies different
characteristics, e.g. the level
of abstraction in tool for the
children differs from the
software for adults.




Aspect

Keyword

Explanation

References

Feedback

E.g. the tool responses in the
reasonable time so the users
do not feel uncomfortable.

Search

E.g. (in multimedia databases)
the seach facility is offered in
order to access easily the
required information.

Aesthetic

The user interface is visually
pleasing.

Legible

E.g. the size and the color of
the text is appropriate to the
light conditions.

Organization

E.g. related figures or images
are not placed separately and
thus offers easy confrontation.

Consistency

E.g. the sequences of actions
are same in all parts of the
tool, the tool uses same
terminology and layout
throughout the interaction.

Pedagogy

Authentic context

E.g. the context is not
artificial and naturally
corresponds with the real life.

Roles

E.g. in a groupware, the roles
of managers, teachers and
learners are distinguished by
the environment.

Self-adaptable

The tool persistently
maintains a model of users'
knowledge and reflect their
growth.

Cultural issues

E.g. the tool presents
information fairly to the
culturally different users
groups.

Trust E.g. there are no logical
defects in the environment
which would lead to the
misinterpretation.

Selection of I.e. the set of learning goals

learning goal defined by the environment

Multiple There are offered more views

representation of
knowledge

to the learning matters and
knowledge.




Aspect

Keyword

Explanation

References

Secure process
management

E.g. the learners have an
access only to the materials
regarding the course of
learning

Organizational
requirements

E.g. the tool follows the
grading system of an
organization

Share learning
materials

E.g. teachers can exchange
learning materials, artifacts or
the results of learning

Learning artifacts

I.e. objects created during the
learning processes and
cooperation, e.g. texts,
pictures, link collections.

Tailorization

The managers, teachers or
users are allowed the specify
or adjust the interface's
means according to the
learners.




