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Abstract

The evaluation of educational environments is a field in need of an interdisciplinary approach. As

computers become more and more pervasive, educational computing follows this trend in the

classrooms. It creates more dependencies between the parts of the learning process and it is

more difficult to assess these complex relations. During the last decades the attention on

usability evaluation has created many evaluation methods, which unfortunately are mostly of

very limited use in the evaluation of educational environments.However, the inspiration they

provide is valuable.

This thesis argues that joining the idea of a usability checklist in the form of a questionnaire with

the proper pedagogical and technological issues facilitates the usability evaluation process of

educational environments. The main requirements of assessing technological, usability and

pedagogical factors are fullfilled. The Technology-Usability-Pedagogy model (TUP) is

established and the TUP questionnaire is developed.

The ACM Computing Classification System (1998 version): H.5.2, K.3.1

Keywords:User Interfaces, Evaluation, Computer Uses in Education
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Abstrakt

Vyhodnocování výukových prost� edí vyžaduje spolupráci n� kolika v� deckých disciplín. V

dnešní dob� po� íta� e stále více pronikají do našeho prost� edí a života a jejich nasezení ve

vzd� lávání kopíruje tento trend. Vznikají tak vazby a interakce v historii nep� edvídané a jejich

vyhodnocení se stává obtížn� jším. V uplynulých letech vzniklo n� kolik úsp� šných metod pro

vyhodnocování klasických uživatelských rozhraní. Bohužel, v� tšina z t� chto prost� edk� je pro

vzd� lávací software použitelná jen za cenu velkého omezení. Co je však na nich z našeho

pohledu užite� né, je inspirace kterou p� edstavují.

Tato práce argumentuje, že spojením myšlenek seznam� ve form� dotazník� a vhodného

pedagogického a technologického teoretického základu lze dosáhnout podstatných vylepšení a

výsledk� ve vyhodnocování vzd� lávacích prost� edí. Je vytvo� en Technology-Usability-Pedagogy

(TUP) model a na jeho základ�  zkonstruován TUP dotazník.

ACM klasifikace (verze 1998): H.5.2, K.3.1

Klí � ová slova:Uživatelská rozhraní, Vyhodnocování, Computer-assisted Instruction, Použití
po� íta� �  ve vzd� lávání
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Abstrakti

Oppimisympäristöjen arvioinnissa tarvitaan poikkitieteellistä lähestymistapaa. Tietokoneiden

yleistyessä yhä enemmän, tietokoneavusteinen opetus seuraa tätä kehitystä luokkahuoneissa.

Tietokoneiden käyttö opetuksessa luo riippuvuuksia oppimisympäristöjen eri osatekijöiden

välille, jolloin näitä monimutkaisia suhteita on vaikeampi arvioida. Viimeisten vuosikymmenien

aikana käytettävyyden arviointiin on kehitetty monia arviointimenetelmiä, mutta valitettavasti

niitä voidaan soveltaa vain rajoitetusti oppimisympäristöjen arvioinnissa. Menetelmät antavat

kuitenkin arvokkaita virikkeitä opetusohjelmien käytettävyyden arviointiin. 

Tässä tutkielmassa esitetään, että yhdistämällä tarkastuslistoihin perustuva kyselylomake

teknologisiin ja pedagogisiin asioihin helpotetaan oppimisympäristöjen käytettävyyden.

arvioimisprosessia. Näin teknologisten, pedagogisten ja käytettävyystekijöiden arvioinnin

päävaatimukset voidaan täyttää. Tutkielmassa luodaan malli teknologisille, pedagogisille ja

käytettävyystekijöille (Technology-Usability-Pedagogy, TUP)ja esitetään kehitetty TUP-

kyselylomake.

 

 
 

ACM – luokat (The ACM Computing Classification System. 1998 version): H.5.2, K.3.1

Avainsanat: käyttöliittymät, evaluointi, arviointi, tietokoneen käyttö opetuksessa                      
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During the last decades, user interfaces have developed from textual command-line

driven terminal screens to multimedia environments connecting the whole population.

Designers and other persons involved in the development of user interfaces have learned that

without the proper evaluation of prototypes, designs and released interfaces they can not

accumulate enough knowledge in order to achieve improvements in usability. Computers have

pervaded into the various fields of human activity. Nowadays, we can find them nearly

everywhere, and education is not an exception. An initial reason of why to develop just another

usability evaluation method is that we want to properly assess this intersection of computing

and education. We want to enable educators to easily select the learning environments they

use.
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This thesis has a few purposes: first to introduce to readers, get them familiar with and

establish basic terminology concerning the evaluation of educational environments. The second

purpose is to develop a model by which we would be able to carry out a peerreview and

properly evaluate educational software also with nonprofessional evaluators. Thus, we

emphasize the importance of the role of a peer review in the selection of educational software.

It is a teacher who is responsible for this selection and the following thesis should establish a

framework facilitating an evaluation. There are plenty of usability evaluation methods readily

available, but not each of them can be used for our purposes. Also many studies concerning

educational environments have been carried out. However, mostof them do not fit into the

requirement of the evaluation of already deployed environments inorder to enable simple but

yet comprehensive evaluation and comparison of educational environments.

The core of the work is divided into the five fundamental parts, beside the introduction

and conclusion: first we focus on traditional usability issues, then move on to the technological

considerations, while the third part is involved with the pedagogical aspects of learning

environments. Existing evaluation approaches to educational settings are outlined in the fourth

part. The fifth part then integrates the knowledge of these three basic cornerstones together,

creating an evaluation method which is intended to fit into the educational setting.
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The following paragraphs introduce and define the basic terminology concerning

usability evaluation as an approach of joined efforts of Human-Computer Interaction and

software engineering.
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Nowadays usability is quite a broad term discussed within various areas. According to

the International Organization for Standardization (ISO) definition, usability is: “The

effectiveness, efficiency, and satisfaction with which specified users achieve specified goals in

particular environments” [1]. From this definition it follows that usability should always be

considered in the specific domain or context, taking into accountreal users accomplishing their

tasks under specific circumstances. Currently, dozens of definitions of the usability exist, each

of them holding to a particular domain. In general, regardless of thearea of interest, they all

define usability as the ease with which users are able to use the system, shortly defined as the

ease-of-use. The terms effectiveness, efficiency and satisfaction are also well defined in the ISO

norms and we will come to the deeper details later in the chapter 2, when introducing usability

evaluation.

With ubiquitous computing, we also have to think about usability in thecontext of

everyday things such as microwave-ovens, telephones, personal hand-held diaries, ATMs, and

all of the other information artifacts that interact with people. However, the main focus and the

field of our interest is in the usability of software applications for the educational purposes. 

Within the recent years, system designers and developers have not paid enough attention

to the ease-of-use, mostly because other factors have clouded the importance of interaction

between humans and computers – HCI (Human-Computer Interaction).The main focus has

been on functionality, efficiency and the speed of the applications within cost and performance

constraints. Research in the HCI area has been carried out primarily at academic institutions

and experimental laboratories of major corporations. From there the discipline of HCI has

evolved gradually and today it influences not only the whole area of computer science, but also

stretches far beyond. HCI, like usability, has many definitions. The most common, famous and

respected is: ”Human-computer interaction is a discipline concerned with the design,

evaluation and implementation of interactive computing systems for human use and with the

study of major phenomena surrounding them” [2]. As clear as this definition is, it poses a wide
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area of concerns. HCI is an interdisciplinary area and joins many other scientific disciplines like

cognitive psychology, linguistics, ergonomics, ethnology, social sciences and other relevant

topics from the humanities and computer graphics, artificial intelligence, operating systems and

many others from the computer science.
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Interface, as the wider term, is a boundary across which two independent systems meet

and act on or communicate with each other. Giving the actual context of computer science to

the previous definition, by the term user interface (UI) we mean the languages and devices in

the interaction between a human operator and a computer.
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Having defined both HCI and usability, it is necessary to introduce usability engineering,

which is still a very new discipline. Usability engineering (UE) is a design process, which brings

together techniques, activities and tools leading to the delivery of a usable (easy-to-use)

product. It is clear from this and previous definitions that it is necessary to involve users in the

life cycle and this participation has to last during the whole development process of the system

in order to create applications which fit for the intended use and are of added value to the

intended users.

Usability engineering is based on the iterative process of theuser interface development,

and like many other engineering fields, this cycle consist of four stages: analysis, design,

building and evaluation [7]. The iteration lasts until the evaluation yields the required results.

There exist many other divisions of the UE life cycle, with varying levels of granularity, as

found in for example [15]. During the analysis stage, users are in thecenter of the focus, while

analysts gather data about them, their environment and processes needed to fulfill intended

goals. The analysis produces requirements which are used during the whole system's life cycle.

Also, the design stage is concerned with human factors. During thedesign, the first prototypes

of the UI are released, including appearance, control, functionality and behavior. Later, during

the development life cycle, the best solution is selected and refined. At the building stage,

developers take up the requirements and prototypes and join them while implementing details

into the system that enable more refinements and evaluation.This thesis is mainly involved in

the evaluation phase of the UE life cycle, from the perspective ofits characteristics, desirability

and application within a certain context.
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Usability evaluation as one part of the usability engineering process is an activity of

reviewing the product, leading to the identification and assessment of the conformance

between the system and usability requirements. In other words, using the previously given

definition of usability, evaluation leads to determining how easy the system is to use and learn.

This definition is one of the main corner-stones of this thesis.


 � � � � � � � � �

In this chapter, the goals of this thesis have been established.The basic terminology

concerning usability evaluation was briefly introduced. Usability (as the central concept of

HCI), human-computer interaction, user interfaces and usability engineering are thus coupled

in a tight and clear relation. 
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This chapter introduces the main rationales, methods and their classifications, and goals

of usability evaluation, explaining thoroughly all of the related terms with the main stress on

the feasibility of assessing the usability. Different approaches to usability as an evolving term

are presented as prerequisites to usability evaluation. A pragmaticpoint of view is also given as

a complement to the well-established approach.
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Looking back into the past, we can see that attention to usability has not been taking

either the primary or equal role in the development process with theother software engineering

parts. The reasons for this diminished with extensive research in the HCI field (including a

wider spectrum of sciences involved) and insight in computing in theeveryday life (leading to a

closer relationship between the user and designer). A significant change has also happened in

the users population during the past decades. We can observe a gradual increase of using of

computers between the wide society. Designers turned towards humanfactors and the

development shifted from the system-oriented to the user-oriented, user-centered design

(UCD). HCI then gradually evolved and became important during the last three decades of the

twentieth century, tightly connected to the development of personal computers and their

software. From that time on we could find the first real attempts towards ”user-friendly”

approaches to the interaction with machines, and also the first models appeared (for example

the KLM and GOMS models, User-centered design or definition of usability given by Bennett

in 1983 [5], adopted in figure 1). 

A step forward was the development of the HCI guidelines. These comprised the general

design recommendations, display techniques and abilities, human abilities and other knowledge.

Guidelines were developed on the basis of observations, laboratory research and experiences of

researchers in order to accumulate knowledge. Although the guidelines might have been

comprehensive [9], the main drawbacks of them were that they turned out to be difficult to

apply, too tied to the technology currently available and they usually did not take into account

the actual context. These problems showed that guidelines are notenough and as a side effect

they brought more support, speed and effort to the development of other techniques and

methods supported by the research in HCI. Subsequently, during the last decade, the

technological development has brought an expansion to the use of computers and therefore a
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need for the evaluation of context specific areas such as multimedia, learning tools or the

mobile Internet. It turned out that usability and thus usability engineering have to overcome the

borders of experimental laboratories and become an integral part of the software engineering

development process with the users as the focal point of interest.Research, technology

improvements, experiments and case-studies provide the excellent support for the integration

of usability engineering  into the development activities.

Although powerful, the definition of usability from the first chapter is not descriptive

enough to conceive the overall concept which is commonly understood by everybody. While

facing everyday interaction problems, we hardly think about effectiveness or satisfaction. In the

contrary we are likely to be very quickly frustrated if our home appliance is not easy-to-use

although we do not suffer any serious harm. A bit more serious loss, in terms of time and costs,

arises from problems related to the usability of the working environment. And finally the real

dangers impend, if usability problems occur in life-critical computer applications such (as a

popularly given example) in a nuclear power plant's operation room. 

Even if the system can be designed with respect to effectivenessand efficiency, a

usability failure may lead to total dissatisfaction. The main purpose of these examples is to

show the difference between a definition (ISO standards here) and the real world setting

(contexts) and therefore emphasize that the characterization of usability is not equal to the

objectives and specifications of the real-world design and theactual criteria which we could
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measure by the usability evaluation methods. To find a set of criteria as the input to usability

evaluation, we have to unfold the prime definition of usability asa multi-dimensional term and

establish its context. The first part of this quest is simplifieddirectly by ISO 9241-11, which

explains how usability can be specified and evaluated in terms ofuser performance and

satisfaction. User performance is measured by the extent to which the intended goals of use are

achieved (effectiveness) and the resources such as time, money or mental effort that have to be

expended to achieve the intended goals (efficiency). Satisfaction is measured by the extent to

which the user finds the use of the product acceptable [3]. The same reference then explains

the intention of ISO to emphasize the relationship between usability and context of use. This is

depicted in the figure 2. 

The context of use is formed by the user, task, equipment and environment, while each

of them influences the usability of a system. All these characterizations, with an increasing

dimension of usability, now more concretely defined, are giving awider area for the derivation

of method- and task specific criteria, which brings the possibility of measuring them.

�
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Another definition is given by Nielsen [10], who does not present a strict and descriptive

definition of usability, but he considers usability in the context of the overall acceptability of the

system. Figure 3 shows Nielsen's view of the usability context.The overall acceptability here

consists of two parts, where the first branch reflects socially oriented objectives (e. g. minimum

pollution and safety risks, ease of disposal, confidence, ethicalissues and others) of the system

while the second is part concerned with practical acceptability issues. In the context of

practical acceptability, usefulness is identified as the “issue of whether the system can be used

to achieve some desired goal”, comprising of utility and, finally, usability. Utility is seen as

whether the functionality of the system can do what is needed. Usability here is viewed as a key

and a multidimensional property of practical acceptability and therefore an inseparable part of

the overall system acceptability, the question of how well the users can use the functionality

offered by the system. From the model it also follows, that usability is not directly connected to

the functionality of the system but to the performance of it. According to Nielsen, usability

consists of five attributes: learnability, efficiency, memorability, errors and satisfaction.

Learnability or ease-of-learning means that a system shouldallow the users, who have never

worked with it before, to rapidly start their working and accomplishing their tasks. Efficiency

of use refers to the speed of accomplishment for users with acquiredexperience. Memorability

as an usability aspect means that a system should be easy to remember, so that the user retains

the information about how to work with the system after some period of not having used it and

this retention is assisted by the system. Error frequency and severity is the fourth attribute of

usability and corresponds with the error rate and ease of recovering from the error states of the

�

� � � � � � � � 	 
 � � � � 	 
 � � � � � � � � � � � � 	 � � � � 
 � 	 � � � � �



system. Satisfaction refers to the pleasantness of the system, i. e. the subjective satisfaction of

the user when using it. 

To be complete with the definitions of usability, it is valuable to introduce Dumas' [11]

perspective, which concentrates mostly on users. According him, “Usability means that the

people who use the productcan do soquickly and easilyto accomplishtheir own tasks”; the

points sustaining this definition are the focusing to the users, productive performance and

users' decision about the product's ease-of-use.
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Even when specified concisely, every evaluation of usability should have pragmatically

selected goals, usually related to the context of application use.Typical questions posed by

users and to which they would like to know the answers are: “Is thisproduct generally easy to

learn?” or “Is the system we are going to buy useful for our purposes?” or “Is the offered

application better than the one currently used?” Since none of thedimensions previously

defined in the context of usability is directly related to thesegeneral questions, and none of the

usability evaluation methods are designed to directly address and answer these and similar

questions, the user still has the right to ask them and obtain the sophisticated answers backed

by the comprehensive underlying theories.

The selection of the evaluation goals directly drives the selection of the evaluation

method. The more specific and narrow the goals are, the easier it is to select the proper method

of evaluation. Therefore, the setting of the evaluation goals should happen at an early stage of

the product development life cycle. As Dumas claims, the setting ofquantitative usability goals

puts usability into concrete terms and forces the design team to consider the product in terms

of users' tasks and users' tolerance for time and effort [11]. On the other hand, coming from the

previous definitions of usability, there also exist qualitative and pragmatic goals. For instance, a

company implementing a product may require the application to educate the development team

in the usability issues. Not everyone of methods which will be introduced in this thesis can

fulfill such requirement. The high-level usability questions, general terms such as learnability or

users' satisfaction, are often considered to be the most fundamental usability goals. Each of

them can play differently eminent role considering the actual context of use. Thus, another

important consideration around the setting of usability goals isthe actual context of

deployment. It is also necessary to add that some goals might be common to all techniques, for

example to uncover interface problems.

�



In conclusion, while selecting the evaluation method, one has to take into account the

context of use, it means the user tasks, user groups and the system usedto run the product,

and the purposes of the evaluation. Once the objectives are properly chosen, we can select the

method, or a combination of the methods to address them all. 
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Usability evaluation methods (UEM) are used to evaluate the interaction between

humans and the system in order to identify problems caused by inadequate design. Although

there are many historical ways of identifying of UEMs, this thesis uses the following division:

there are three types of usability evaluation methods in general:usability testing, usability

inspection and usability inquiry. Beside this main division, modeling and simulation techniques

form a separate group complementing the other methods.
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Usability testing includes a wide range of methods, where the representative users are

involved in the evaluation of the system or prototype. It is important to note, that it is the

system which is going to be evaluated, not the user; and that the usability testing method is an

artificial situation. The evaluation identifies the areas of adesign that need refinements, aiming

towards the improvements of the usability of a product. Usability testing methods are in

literature sometimes referred to as empirical methods. Most ofthem are commonly carried out

in the laboratories, under the defined circumstances as scientific experiments. However,

usability testing has become more informal during the last years as there have been well

established methods developed with high reliability and validity; and thus confidence in them

has increased rapidly [11]. According to Dumas [11] (p. 26): ”Usability testing is appropriate

iteratively from predesign through early design, and throughout development.”

For the purposes of usability testing many different sources of empirical data can be used

to evaluate certain interface characteristics. This data is either qualitative or quantitative, the

latter category can be roughly divided into relative and absolute data. The typical quantitative

data gathered during the evaluation belongs usually to time-domain limits (for example the

time-to-learn, the time to achieve first error, the reductionof errors in the time etc.) and error-

domain data (the number of errors on typical task, the rate of errors achieved during menu

navigation, the number of participants who have the same error).Qualitative data is gathered
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mostly by questionnaires and verbal protocols. Typical qualitative data might be for example

the level of support in a high-risk environment. Each of the data gathered during the course of

the evaluation has different importance of contribution, as reported by Ebling and John [8].

Their paper backs the claim that in a limited resources environment (which is very often the

case), “collecting performance and questionnaire data should besufficient” and “researchers

assessing the predictive power of an analytic technique might be able to justify collecting only

verbal protocol data as evidence for usability problems.” This study shows how important it is

to collect multiple forms of data in the course of usability testing. 

The main ideas underpinning the usability testing methods are thatthe test is conducted

under well established conditions, variables, goals and procedures in order to ensure the

scientific course of the evaluation and later analysis. The inseparable part of every usability

testing method should be the debriefing meeting with the participants. Since the term usability

testing corresponds to a broad area of usability evaluation methods, here 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 during the evaluation test. This

data can be used as an input for different kinds of comparative tests. Dumas [11] claims that:

”A typical usability test now includes six to twelve participants in two to three subgroups.”

This would ensure both statistically significant data and the coverage 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 about while they are performing

the actual task. By this, an usability expert can uncover moments of a confusion,

preconceptions or errors. Think-aloud methods have many strengths, particularly the wealth of

qualitative data collected and comments made by users. On the other hand, think-aloud

methods are unnatural to the user because it is difficult to force theusers 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 is similar to the think-aloud

technique, but it is supported by the opinion that the dialog is more natural than thinking aloud

alone and the observation of the interaction between users brings out more insight to the

interaction. 
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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 questions to probe the

participant's understanding of the product. There is a significant difference between this

method and interviews, since the latter is conducted after thetest, usually with distance to the

system. The probing questions should be not biased and should not drive the participant's

performance.

As long as the previous methods are affected by the barrier between participants and

evaluators and by the overall evaluation setting, there were also developed other, indirect

testing methods, wherein the evaluator is separated in the timeor (and) space from the

participant. These methods are called remote evaluations and often are mediated by a network

[12].
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Usability inspection is a category of UEM, consisting of numerous approaches, having

evaluators inspecting the interface as an unifying characteristic of usability aspects. The group

of evaluators consists mainly of usability specialists but it isalso common that software

developers, users and other professionals take part in the examination process. With a few

exceptions most of the methods of the usability inspection are informal, based on the rules of

thumb, general skills, knowledge and the experience of evaluators.

In the situations where it is difficult to recruit and involve thereal users into the

evaluation (proposed to be a usability test) or the project is running on a tight resources, the

usability inspection method is often selected to be carried out. Since many inspection methods

aim also to inspect the UI specifications, they can be used during the early 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 compliance with a small set of

established rules (usability principles), called heuristics. HE, probably the most popular type of

inspection used nowadays, was originally brought up by Nielsen [10] together with a set of ten

basic heuristics (listed in appendix A), which guide the evaluators during the assessment

process. This set is not unique and can be individually adopted. Any usability problem found is

evaluated for its severity and extent. Nielsen proposes using three to five evaluators for the
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heuristic evaluation; each evaluator works separately and goes through the system at least

three times. Among the biggest advantages of HE we include that it isa low cost method, well

documented, easy to learn and intuitive to perform. It can be appliedat a arbitrary stage of the

development life-cycle. HE has, though, also few drawbacks, for example it does not offer

solutions to the problems identified and the original heuristicsdelivered by Nielsen are

considered to not have enough explanatory power; there is also theneed for an usability

expert. There should be more evaluators involved in the HE, as seen from the figure 4. From

there we see that to cover at least 75 percent of possible problemswe need to involve around

five evaluators in the evaluation process. Adding more evaluatorsdoes not increase an

effectiveness.

An important factor here is also the level of experience of the evaluator. According to

Nielsen, novice users are poor evaluators, whereas HCI experts are about twice as good, and

domain and HCI experts are almost three times better to uncover usability 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 imagine the users executing a set of

real representative tasks using the system under evaluation, step-by-step. The motivation of the

cognitive walkthrough comes from the view, that many people prefer to learn some system by

goal driven exploration. The walkthroughs are performed by the designer or an expert in

cognitive psychology; hence it is the evaluator who tries to act as a user. As an input to these
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methods we include the detailed description of the user population, interface design, set of the

tasks and sequences to complete them. Then for every part of each sequence a credible story is

established and evaluators perform the actions and assess whether the user would be able to

successfully complete the task with the given conditions and environment. The course of CW is

depicted in the figure 5. Since cognitive walkthroughs focus mainly on the attribute of the ease

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

corresponding direction. The CW methods uncover the differences between the designer's and

user's conceptualization of the system and considering their capabilities, they are highly

applicable and eligible to use during the early stages of the system development but can be used

anywhere at any stage of the development cycle. However, CW requires some degree of

knowledge of psychological theory and terminology and it can be time consuming too [4, 13]. 
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Since the first version of CW has been presented in a proceeding paper of ACM CHI 90'

conference [42], CW is still in the focus of the active research.The actual topics based on CW

and the related theory concern the cognitive walkthroughs for the Web (CWW), adopting the

original ideas standing behind the CW for a better fit to up-to-datetechnology [14]. From here

we can see that certain efforts exist to transform the methodswhich have already proved their

usefulness into the new, context sensitive methods using the original ideas, in this case the

World Wide Web environment. As Blackmon claims in their paper [14] :”The CWW

overcomes a serious limitation of the original Cognitive Walkthrough.”

A pluralistic walkthrough is carried out during the early stages of the system

development, when the user, developer and usability expert groups meettogether and go

through the task scenario and discuss and evaluate the usability ofthe system represented by

the paper prototypes. Because these meetings are attended by the diverse kinds of people with

various skills, knowledge, experience and perspectives involved inthe project, they tend to

gain the wealth of opinions and cover most of the usability problems. Pluralistic walkthroughs

are coordinated by the human-factors specialist; all of the other participants are asked to act as

the potential users of the developed system. The evaluation is usually carried out on the paper

prototypes of the interface as most of the walkthroughs; it means that the pluralistic

walkthroughs are appropriate to be used in the early stages of the development life cycle.

The formal usability inspection method was designed to support the designers

(without the knowledge of the usability issues) to review a product in order to find a large

number of defects. Formal inspection methods are performed througha six step process with

strictly defined roles for each participants: the planning, a kickoff meeting, a preparation phase

where inspectors review the interface individually, the main inspection review when the

inspectors' lists of the usability problems are merged, and a follow-up phase where the

effectiveness of the inspection process itself is assessed [17]. The course of the formal usability

inspection has also an additional effect; it also educates the designers in the field of the usability

evaluation. The inspections can be held in the early stages of the development process, thus

enabling more problems to be fixed sooner without the need for reimplementation. Concerning

the properties of the formal inspection, it is highly feasible for industrial 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 not benatural for users to try
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and steps that require extensive knowledge or experience in order to assess a proposed feature

set [6]. Thus each feature is evaluated with the focus on usefulness [17]. Recollect that

according to Nielsen, usefulness is the more general aspect of thesystem acceptability than

usability. Feature inspection is best used when the functions of the system are already

established and known so their actual functionality can be compared 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 between the actual interface

implementation and their own designs. Thus the aim of these inspections is to produce the

maximal consistency throughout all of the components of the system [17]. Because of the

special focus and attendance of acquainted parties these meetings uncover dozens of

inconsistencies.Standards inspection is the simple method consisting in the assessing the

compliance of features of the actual UI against the predefined standards. 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, giving them the basic scope wherein to

perform the actual evaluation of the system. Guidelines address those attributes of a product,

which have been shown to improve the usability; following the guidelines should lead the

developers in the design of the system to conform to these guidelinesand therefore avoid the

usability problems. Checklists are meant to be used after development, but before the

deployment; a system is inspected to check its compliance with the checklist items. As

mentioned before, checklists have originally had many seriousdrawbacks. While trying to

capture the contextual sensitivity, checklists become too extensive, which causes discomfort

and less efficiency because they are slow to apply. Other complications come while considering

the maturity of evaluators. Experienced experts are able to relate general checklist questions to

the specific system and its domain, while novice users or real end-users might have some

problems in relating general questions to a specific application. 

Perspective-based inspection (sometimes referred to as a scenario-based checklist

inspection method) techniques take the results of the inspection methods research, integrate

them and focus on the system design from three defined perspectives: two levels of users'

experience: the novice and expert user, and finally from the perspective of error-handling [18].

Perspectives are used to focus the inspectors' attention on a specific subset of usability issues.

This focus should ensure a higher percentage of detection of the problems related to the certain
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perspectives used and thus the combination of different perspectives can cover a wider area of

problems uncovered than the simple iteration of one (general inspection) method with (usually)

one perspective in the focus. Moreover, the task scenarios are used to ensure the relation of

the method to the users, the inspection method is well-defined and the criteria are tailored to fit

into the user domain. Comparing the perspective-based inspectionwith the heuristic evaluation

in finding usability problems in a web-based application, the first method is about 30 percent

more successful [18]. From this it implies that assigning inspectors to a more narrow

responsibility (perspective) leads to higher performance on usability evaluations.

� � � � � � � � � � � 	 
 � � �

In usability inquiry methods, usability professionals gather the information about users'

opinions, likes, dislikes, needs and understanding of the actual system under evaluation by

interviewing them and observing them during their real work, preferably at their working place.

Among usability inquiry methods belong field observations, contextual inquiry, interviews,

surveys, questionnaires, journaled sessions, logging and screensnapshots. All these methods

have in common the stress on observing the users in their working environment 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 the field and does not remove the

users and the product they work on from the actual context, as is usually done by usability

testing methods. It is one of the simplest and cheapest methods ofevaluation, with the

emphasis in avoiding any interference with the users' work. Still, it is a very useful method,

regarding that on the basis of observations that some word processors have been improved to

include the templates as a special file category [10]. Observation may be carried out at any

stage of the development life cycle, including deployment.

Logging the actual use involves having the computer automatically collect the statistics

about the detailed use of the system. From the gathered data we can find useful information

how the users actually perform their work. The typical information collected by logging

contains for instance the frequency with which each user invokesa certain function of the

system or the rate of error situations. If the frequency of using some command which is

necessary to fulfill the task is low, it might indicate a significant cause of problems or be the
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reason for removing feature out of the system. It is also possible to log whole transcripts of

user sessions to uncover additional characteristics of the use. 

The main strength of the logging method lies in the possible integration of many sources

of data to obtain a statistically significant dataset about the use of system. Since we are not

limited to one working place and one user, the coverage of revealed problems is possibly quite

high. Logging is normally used as a way to collect data from the realworking environment of

the system after a deployment, but can also be used as a supplementarymethod during user

testing at the early stages of the software development life cycle. From the nature of data

collected by logging, it is difficult to measure user satisfaction with the system as the data

shows what operations the user did perform but it does not show what operations were not

performed at all.

Interviews are very common, informal techniques to obtain data of particularinterest

from the users. From the nature of the interview follows that the interviewer should be one of

the development team members, preferably the usability expert and the issues discussed are

related to the users' subjective satisfaction and their opinions. Interviews can be either open or

close, wherein the latter form the evaluator keeps more narrow area of interview. Interviews

can be carried out during any phase of the development life cycle.

As a similar approach to interviews (in the terms of the data of particular interest) are

questionnaires, with the differences that they do not involve having an interviewer in the

actual evaluation process and there is no interviewer to aid theuser with an evaluation.

Traditionally we recognize two forms of the questions, regarding the form of answers. These

are either open-ended (free-form) or closed, where the answer or a way to answer is

predefined. The latter form is usually preferred as long as users do not bother to write in

natural language. Even though questionnaires are flexible and easy to use, the biggest

drawback of these methods is the low response rate, ranging from about thirty percent if no

incentive (compensation or reward) is offered. Another issue tobe considered while

conducting the questionnaire-based inquiry is the design of a questionnaire itself, being brief,

concise, impersonal, valid and reliable.

Focus groups are a kind of informal technique, where multiple users (usually from six to

nine [10]) participate in a discussion session in order to address their needs and requirements.

This technique can be run both at the early stages (during the design) and also after

deployment. A moderator maintains the focus of the discussion usinga preplanned script trying
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to boost up users' spontaneous reactions and ideas without inhibiting the free flow of the

session. This requires a certain kind of experience from the moderator. The results of the

method are also influenced by the experience level of the users,since user groups differentiate

in their needs. Current real approximations of the focus groups approach are on-line

conference forums with certain issues in interest. According to the Nielsen's opinion,

conference subscribers are often recruited from the above-average involved users, which brings

biased results to the survey. 

An inseparable part of the usability inquiry methods set isuser feedback. This method is

inexpensive, simple and does not require the time of an usability expert in contact with users.

Apart from that, user feedback has more advantages. It is initiated by the users, reflecting their

immediate reflections, needs and opinions and it is not limitedto a certain period of data

collection after deployment, which can also be considered as a drawback. It has to be also

supposed that user feedback returns mostly dissatisfied users' answers which does not fully

represent the user population. Therefore user feedback should not beused as the only method

for usability evaluation but rather as a complementary method.
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Modeling techniques accompany HCI research and usability evaluation from the very

beginning. Most of them are the results of active research held in the early eighties of the

twentieth century. The purpose of these models was to bring engineering models to the HCI

field. During the following years, these methods have been improved up to today's maturity, in

order to decrease the time and cost expenses and to ease their application, since system

developers were not trained in psychological issues. The use of performance modeling should

bring quantitative prediction and approximation of the user performance (for example the

execution time or the time of error occurrence), therefore these models are proposed to be

used in the very early stages of the system development life cycle. However, one can also

model the users' knowledge, task environment and user interface as a part of the system [21]. 

Simulation approaches complement the classical evaluation methods similar to the

modeling techniques, in the sense that they are a good source of quantitative data without

involving real users in the evaluation. A simulation can be run asmany times as a required

amount of data is achieved, enabling the evaluator to drive this generation by different

parameters. 
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The GOMS model, dating back to 1983, is one of the most widely known and validated

theoretical approaches. The GOMS acronym is created from the components of the model:

Goals, Operators,Methods andSelection rules. Goals are users' objectives, describing what

the users want to achieve and can be further divided into the sets of subgoals. As the example

of the high-level goal we can use user's intention to write a letter, while this goal is divided into

smaller sequences of subgoals asopen the editor, create a new file, write an addressand so

on. 

Operators are the basic actions the users must perform in order to fulfill their goals and

the actions that the system offers users to perform. In the context of the graphical UI the

operator is for instance the menu selection or other direct manipulation action. The definition

of operators can be done at different levels of abstraction according to the granularity of goals

but many GOMS models define them at a concrete level [4, 20]. 

Methods are the given or learned sequences of sub-goals and operators used to

accomplish the goals. It may happen that there exist more methods to accomplish one goal and

the user can then select between them. For this purpose we need to define the selection rules

which are personal intentions of selection from the various methods to achieve a given goal.

Thus, goals, operators, methods and selection rules represent together one's personal

knowledge required to perform a task. 

The GOMS as a concept stands behind many other models, for examplethe NGOMSL

(a more natural variant of GOMS), KLM (Keystroke-Level Model, simplified GOMS) or CTT

(Cognitive Complexity Theory) models are based on it. GOMS has afew considerable

drawbacks: it defines its domain in the expert's performance context (which goes opposite

while concentrating the focus on end-users) and with increasing complexity and variety of tasks

the design and analysis of models get difficult, with very fine grain.

The Information scent modeling [22] method originally served to generate and capture

the hypothetical users' interaction with a web site by traversing the links on the pages. These

hypothetical users (here called agents) have some informationgoals which are compared to the

content of the actual page and until the goal is found in the page or after specified effort (in

terms of time or links visited) the traversing (browsing) continues on the basis of stochastic

decisions. During the simulation, all of the steps of all of the agents are recorded the later

analysis. 
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Petri Nets (PN) and their successor Colored Petri Nets (CPN) are mathematical and

graphical modeling tools, which are widely used in the modeling andsimulation of various

systems, providing the graphical and formal representation thatmakes the design and analysis

easier. The PN approach has been applied for example as a model of an Web browser's

interface or in the context of industrial systems [23], mostly toanalyze the navigational

structure of interfaces. Though there exist many tools that facilitate the modeling and analysis

of PN and CPN, using this approach for the usability evaluation poses certain needs to the

evaluators' skills. PN based simulation can be used during the whole system development life

cycle, while the hierarchical model of interaction is built.

� � � � � � � � � 	 
 � � � � 
 
 � � 	 � 	 � � � � � � 
 � � 	 � � � � � � � � 


As long as the UEM are assessing the usability of the system, their quality requirements

are close to the usability of the system and we can demand effectiveness, efficiency and

satisfaction with them. By these we could compare the overall usability of UEM. Although

many comparison studies have been carried out, none of them covers the whole area of the

usability evaluation methods. 

As far as I know, a comprehensive comparative study including the whole set of usability

evaluation methods does not exist, only partial comparisons havebeen done. These studies

usually compare the ability of methods with respect to the number ofusability problems

revealed and cost-effectiveness, which are considered as the most important characteristics of

an evaluation method. This is a consequence of the different requirements of methods

belonging to different categories, testing, inspection and inquiry. For instance, Doubleday [19]

compares Heuristic evaluations (with five HCI experts) against end-user testing (pre-study,

observation and debriefing with twenty participants); participants are evaluating the graphical

tool used to support the information retrieval, resulting in the conclusion that the HE is less

time consuming, assessing more than twice the number of problems(although not including all

of the problems found by the user test), but it has some lacks in addressing the end users' task-

based problems. 

Except for the cost-effectiveness and number of problems identified, Karat in chapter 8

of Usability Inspection Methods [17] includes more issues while comparing usability testing

and inspection methods. The comparison is done also with respect to usability objectives,

reliability of findings, human factors, facilitation of the organizational acceptance of usability
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issues, timing issues and problem fixing. However, issues such as learnability or context-

sensitivity are missing. Results from this paper (although covering the research mainly from the

beginning of the last decade of the twentieth century) state thatusability testing covers a wider

range of evaluation objectives, identifies more usability problems, focuses more on the human

factors, may be used earlier while “it can provide high-level design guidance early in the

development cycle” [17, pp. 217], and provides more design improvement recommendations.

From the two previous citations we can see a contradiction. Inspection methods do not score

in the latter paper very well, which I conclude to be mostly due to thefallout of paper

publishing dates and the overall focus. The conclusion drawn from the comparisons is that the

best practice of usability evaluation should be based on the combination of usability testing

with the usability inspection method, although some areas of overlap may occur. 

One important aspect of every usability evaluation is the need for evaluator attendance

during the evaluation process; for example during the whole course ofheuristic evaluation the

evaluator is needed. For the proper analysis of results, it is always necessary to involve an

expert after the evaluation. However, some methods do not require the direct attendance of the

evaluator at the actual evaluation process. This may be considered as an advantage when

choosing evaluation method for systems already in use or running on the low budget.

What is most evident while analyzing the properties of methods listed in this thesis and

considering certain working environments, if not adopted to this special context or not adopted

well or the usability goals are not established properly, certain usability evaluation methods

usually capture only a subset of problems offered in the interaction or even fall short

altogether. To overcome this weakness it is recommended to combine more evaluation

techniques together, which should yield more comprehensive coverage of possible problems

and their symptoms and, even better, reveal the causes of the symptoms. While evaluating

already deployed systems in order to enable the comparison of the level of usability between

different products, beside the context of use we also have to consider other aspects, like the

maturity of evaluators or the cost of evaluation. The followingtable overviews the methods

listed in this thesis.
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In this chapter most of the important usability methods have beenintroduced, together

with their main characteristics. One of the main points we learned from this chapter was the

importance of context-sensitivity. Usability has been shown as only measurable in specific

contexts of use. The main advantages and drawbacks of the various usability evaluation

methods have been presented. It has been also shown that not eachmethod is feasible at every

development life cycle phase together with the influence of the differences of different

evaluators' levels of experience needed which limits the feasibility. Evidence has been given to

support the combination of different usability evaluation methods, although usability testing

and inspections have some overlapping areas.
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This chapter considers the technological aspects of systems that need to be inevitably

taken into account while evaluating actual environments. Evaluation goals here are seen from

the practical acceptability perspective of the system. 
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It is difficult to assess the influence of a technology to usability as long as no scientific

discipline exists involved in this problem. Ergonomics, in the classical sense, only addresses the

influence of environment-specific issues to the one's work in order to achieve better adaptation

to one's characteristics. All natural sciences conclude technological criteria as a part of the

requirements, while they try not to depend on the technology state-of-art. However,

technology has a clear impact on the theory and the theory then shapes the technology by

practical improvements. 

Outside this cycle, technology and theory also influence humans and their environments

(and other technical systems). This influence has two sides, technology supports humans but

also poses certain constraints. These constraints may negatively affect human performance, in

certain environments. Therefore, the people responsible in the selection of the tools have to

take into account how well the tool will fit into the actual environment. Starting with this

general question, one comes down to the more detailed ones in the same environment.

Although using the same technologies as single-user software or commercial tools, educational

tools differ greatly in their requirements and configurations. 
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Computer technology is still rapidly developing. User interfaces have already broken out

the boundaries of the desktop computers; ubiquitous computing brings moreinteraction

possibilities with computer-backed interfaces to our lives. On the other hand, it also brings

more challenges to assessing this interaction. The library we used to visit twice a week may

turn to a digital form, the university can start to refer to itselfas a virtual educational institute,

we can hardly predict what kind of functionality will be offered from a new vacuum cleaner we

are going to buy next year. All of these and similar artifacts and interfaces, although possibly

still hypothetical results of pervasive computing, need to be usable and useful; both designers

and users want them to fulfill their expectations and goals. 

The other issue we face nowadays, brought by the information-society age, is a change in

the way we communicate with each other. Personal digital assistants (PDA), mobile phones,

messengers and other tools contribute to the enlarging communication possibilities. Currently,

computers are also widely used as supportive tools within various, often overlapping

disciplines. We were recently overwhelmed with acronyms such as CSCW, CSCL, CASE,

CAI, CAD and many others. All these have in common the computer as a mediator and

facilitator of the interaction between the task and user or group of users. Most of these systems

also followed similar scenarios as the singleware developmenthistory; first the functionality has

been in the focal point and later the usability problems started 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, upto today coming to

the displays of our handheld devices. It can be said, that the Web as atool has most users

amongst all with the most rapid growth of use; the estimation survey made recently showed

580.78 million users on-line [24] which counts for 9.57% of the global population. Similarly as

with the beginning of computer applications development, first thedesigners focused more on

the content than the look (aesthetics) and usability. With increasing gravity of the electronic

communication, accessible technology and with commercialization, the importance has been

laid also to the graphical layout and ease-of-use of Internet sites; developers of portals learned

that users will return to the pages which satisfy usability requirements. Thenceforth many

usability evaluation methods have been adopted and developed for the context 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 term but as a

supporting framework for many computer-based tools. We understandthe term multimedia as

an integration of multiple output media in a single application. The purposes of multimedia

applications differ, which brings difficulties to the usability evaluation. They might be found to

contradict if the guidelines direct the designer to implement certain functional elements in a

specific way in the entertainment multimedia tool and in the artmultimedia database, for

instance the graphical appearance of dialog boxes or a way of presenting the information.

Thus, in the multimedia applications especially the focus on aesthetics is stressed. Also,

navigation in non-textual environment is a novel approach that has not been considered before. 

Another important factor concerning multimedia is the common multimodality of

interaction. In the past, only vision has been involved in interacting with computers, which has

recently changed in the current multimodal interfaces, includinghearing and haptic channels

(the smell and taste channels are still rarely used). Originally developed usability evaluation

methods do not take these issues into the account. However, cognitive issues are considered as

a basis for the guidelines approach [28]. The Web and multimedia development and their

integration allowed the launching of many of the services facilitating information exchange and

sharing, communication and conferencing, message services, distance learning and so forth. 

CSCW stands for Computer Supported Cooperative Work, the tools used in

collaborative work environments, also know as groupware. Typical applications of CSCW are

email, videoconferencing, but also multi-player games, all the applications having the users

cooperating in the real time. CSCW goes alongside technology and Internet development,

which is also concerned with the evaluation methods of groupware tools. As Steves in their

paper [26] claims, there exist basically two approaches to the evaluation of the usability of

groupware which were studied to the detail. 

The first way is through the studies of real collaborators (users)in their real working

environment, while the second approach prefers usability inspection methods. The decision of

which of these two approaches to use is difficult, as long as their comparison is not clear and

one can hardly interchange each other in the usage. User-centered testing yields detailed

information about the work situation and is able to assess the groupware tool in a particular

scenario. While trying to contextualize inspection techniquesthere has to exist a mediator

responsible for that duty, in the methods which do not have the ability to adapt to specific

contexts. Inspection techniques, on the other hand, are generally less resource consuming.
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These findings are already known from singleware evaluation, thoughthe novel asset is that

inspection methods can be usefully applied in the groupware tools evaluation. For instance

heuristic evaluations [25] and cognitive walkthroughs have been adopted [27]; heuristics were

given meaning in the context of teamware requirements, their power being fixed points from

where the evaluator can start is exploited. Originally cognitivewalkthroughs do not account

for multiple users and dynamical group work, though the groupware walkthrough does it all.

Pinelle suggests to combine groupware walkthrough and groupware heuristic evaluation in

order to test multi-user systems [27]. However, their method cannot address social and

organizational issues arising from the real context of multi-user systems. 

By the term Computer Assisted Learning (CAL) we understand the information and

communication technology used to support the learning and knowledge exchange. CAL

includes both students and teachers using computers in all study tasks;this means the

preparation for a lesson, active interaction mediated by computers, assessing the results,

administration and so forth. Kopponen in her dissertation argues,that “built-in educational

properties are the essence of CAI (computer aided instruction)applications.” [35] Two of the

various CAL approaches can be shown : recently, because of the widespreading Internet, the

CAL group has been enlarged by the Internet based learning environments (IBL), which is a

considerable part of educational software nowadays. The embeddingof cognitive technologies

into the CAL led to the development of intelligent tutoring systems (ITS). The purpose of ITS

is to create a model of the knowledge and guide the learners through the learning process in

order to fill the gaps between their knowledge and the model implemented in the system. 

CSCL is the acronym for Computer Supported Collaborative Learning, andhas a few

similarities with CSCW as a concept, though CSCW architectures mainly belong to the

commercial sector. CSCL is considered as a part of the CAL toolsgroup. Except for

collaborative learning, CSCL tools are also dedicated to facilitate the building, sharing and

negotiation of group knowledge in a school environment. The main idea here is that knowledge

is built up through group investigation and conversation. The tool should support the

construction of arising artifacts within the learning environment, with a possibility to share and

access them from every virtual learning place. Once the artifact is built up (for instance the

collection of links to Web sites, multimedia objects as pictures,texts or sounds), it becomes the

part of the groups' knowledge.
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While developing usability evaluation methods, one has to necessarily think about the

target systems characteristics and capabilities, which alsoincludes the technological aspects of

the evaluated products. Given the end-user population, every evaluation method has to take

into the account users' goals, tasks, the context of their work, and the technology they are

running. But there exist other issues to be considered while thinking about practical usability

aspects. From Nielsen's concept of usability depicted in figure 3, wesimply include costs,

compatibility issues, reliability of the system and other low-level questions concerning the

practical acceptability. While concentrating on the extraction of the technical concerns from the

the ISO usability definition one finds the termcontext of useas conformed by the environment,

equipment, task and users, where all four parts directly influence the practical, hereafter

technological aspects of the intended system. 

In a real-world setting, usually all of properties of usability arenot independent, which

also has to be taken into account. In the terms of the task users perform we include the

description of the interaction between the user and technological resources as long as the tasks

are performed on the actual system. The equipment and environmentinclude the description of

physical and social issues influencing usability. Such physical conditions are software, hardware

and working conditions (furniture, ambient environment and so on). The environment also

consists of the social background such as cultural habits, work practices and policy, privacy

and safety, administration and other relevant issues. Users'capabilities influence aspects of the

system in two ways. Cognitive issues are covered by the usability part of the evaluation

scheme, while physical characteristics influence the accessibility of the system for the certain

group of users. It means that in a particular application modes should be offered for different

user groups, including disabled people, users of various ages and so forth.

Usability tests are mainly conducted in well-controlled environments, most often in

laboratories, which enables more control over the course of evaluation. This control implicitly

includes the definition of the environment and equipment conditions. However, with more

loosely controlled conditions, e.g. when moving the usabilityevaluation out from the

laboratories and addressing more informal inspection and inquiry methods, the variability of

working conditions grows; this poses a challenge on a certain method's adaptability to the

changing environment or, if possible, independence to the changing context. This is difficult to

satisfy and goes opposite to the requirement for the method to be of general use. 

� �



The following list summarizes issues needed to be included while considering practical

issues of usability within system acceptability. The grouping of the topics is done on the basis

of their individual relativity according to users, tasks, environment and equipment, it means

that the context of usability from the perspective of ISO [1] is used. However, some topics are

overlapping and it is not clear which category they belong to, for instance in the term of

reliability we include both effects of the system to the users and also to the environment. As

with every usability checklist, one has to think about it as subject to a continual change,

because the rationales underpinning the issues are changing in time with the development of

technology and research.
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Into the availability and compatibility group of a practical acceptability we include such

factors which represent possible influences of equipment to the users, their performance and

therefore they play an important role in the selection of a tool.

Software Compatibility

An institution intending to purchase any kind of new software applications has to be

aware of the current system's software equipment and consider this in the terms of

compatibility between each other. It would be wasting of resources if the new system is not

compatible with the other current tools, for example in the sense of sharing files between

different applications. It is common that modern tools enable exporting and importing files to

and from the different versions of the application or even to andfrom the applications from

different vendors. Although obvious, the dependence between the applications and operating

systems they can be run on is another important factor.

Hardware Compatibility and availability

Similarly as with software compatibility, there exist implicit requirements for the

hardware. The new system has to be compatible with the current hardware equipment. In

addition, the hardware requirements, in terms of resources needed to run the product, have to

be fulfilled. 

The cases of incomplete equipment clearly influence the possibility of using the tool.

Also, if the tool has demanding requirements for the environmentwhich are not easy to fulfill,

it limits the usage.
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Users will always drive usability issues. Every usability evaluation method has to

consider the user population, which means different user groups from the perspective of users'

characteristics and limitations. Accessibility means that everyuser can directly usethe system

without any further modification to the system and the system has to offer various

customizationsto meet a specific groups' needs. Cognitive aspects of the interaction are mainly

covered by usability evaluation methods introduced before. Practical acceptability aspects of

the system influenced by the user population include mainly the accessibility questions, as for

instance different age groups. A considerable part of the population also has some kind of

impairment.

Support for disabled

Possibly a wide group of the users may have different disabilities,including various sense

disorders or the other physical constraints. There might also belegal pressure made by

governments to require accessibility for people with disabilities, which has to be satisfied

regardless of the usability of the software. Finally, there maybe users with temporary

disabilities, e.g. pregnancy, fractures of limbs and so forth.

Support for the age groups

Certainly there exist different requirements following the agestructure of the user

population, varying from children to the elderly. With the decreasing birthrate the population

also gets older, which poses certain requirements for the systemsbeing currently developed.

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

Multilanguage support and localization

Almost every software application delivered nowadays offers the possibility to select the

language of the user, which is often considered as an important feature in certain applications.

On the other hand, topics of internationalization raise this issue from the other side. Possibly,

the application should be run by different nationalities without any restrictions.
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Integration

One question which decision makers should consider is whether the system they are

going to purchase will fit into the curricula of the organization. In other words, how well and

how easy the integration of the new system will be, how big an effort the organization has to

call forth towards the integration of the system into the current structure from the

technological perspective.

Training

A typical question concerning the training may look like: “Will the organization be

forced to train the staff in order to allow it to work with the new product and utilize all of the

offered features?” Training might also be needed in the future, inthe terms of how big an effort

has to be expended while upgrading the system to a newer version. Thebasic question which

every learning institution has to raise concerns the lack of familiarity of working with

computers, both for the staff and students. Prior attitudes to the use of computers may also

influence performance.

Maintenance and administration

Maintenance within the context of practical aspects of the system is a term coupled with

the extent of efforts put toward keeping the system running and fulfilling user needs. Part of

the maintenance consideration concerns humans, in the sense that human resources are usually

needed to maintain the system.

Finance

There is never enough money. The previous sentence will a person responsible for the

budget in the company be constantly saying. Costs have to be considered in two ways. First, in

investments needed to purchase and install the system and secondly, in the terms of further

investments required to maintain the system, for instance to upgrade the product or to pay the

support personnel.
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Every system is expected to be reliable. Reliability means that the system will do and

behave exactly the way it is expected to. Moreover, the systemhas to offer ways how to

ensure reliability. 

Privacy, Security and Safety

Technology is evolving in a high pace so that the law often does notreflect it. Beside

that, the environment should always be concerned with and protect users' privacy, especially

under conditions where it is necessary to share and publish information. For instance in

networking environments, both operating systems and actual tools have to support access

rights. Maximal safety also has to be guaranteed by the system, which should threaten neither

users nor their data nor the platform on which it is going to be used.

Fault tolerance and prevention

Fault tolerance is related to the capability of software to maintain a specified level of

performance if a certain operation fails or other unpredictable problems occur [29]. There exist

many systems that are widely used in which the mean-time between breakdowns is much

shorter that users would expect. The best way to avoid the errorsis to prevent them; in order

to decrease fault occurrence, the system has to actively preventerrors. Error-free performance

is also required by Nielsen's definition of usability attributes, but it is partly related to the

technological factors too. For instance the defects leading tothe malfunction of some parts of

the tools should not occur.
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This chapter introduced the approach of computers as a tool with stress on influence of

technological issues to human performance and usability. The most important examples of

tools that influence learning have been shown including computersupported learning

environments. The match between the context consisting of users, tasks, environment and

equipment and practical usability issues has been shown, leading tothe definition of the

framework for basic technology-related usability issues.

� �



� � � � � � � � � � � 	 � 
 
 � � 
 � � � � � � � 
 � � � � 	 
 � � 
 � � � �

Until now this thesis has described both usability and the technological frameworks

concerning systems. When looking at learning environments,we have to establish the basic

framework that consists of human learning theories and find the most important implications

and influences to computer assisted learning.
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Many human learning theories and models have been introduced andit is peculiar that

each of them influenced a certain period of our history as research in education progressed and

in the same time, the theories were influenced by outside factors, for instance by technology.

The common idea behind almost all of them is that, they stress the importance of the need to

learn in order to help learners live; to make decisions, learn, work and adopt into the current

(understood relative to the time of each theory) environment.However, not all of them are

relevant to the domain of computer or technology supported education,and even less of them

have been adopted. This chapter introduces a set of human-learning theories and models which

have been found to be important and relevant to computer mediated learning environments. 

How do people actually learn? This question has been under heavy research for many

years. And yet another topic related to the computer science is,how computer tools should be

designed in order to facilitate the learning process? And finally, how to assess the usability

problems in the educational tools? Naturally, both of these issues have been investigated at first

separately, after which the conclusion has arisen that only cooperation and an interdisciplinary

approach can yield tangible results. For educators with lack of computer science related

knowledge and usability experience it is very difficult to consider usability and technological

factors while implementing educational environments; for computer scientists without proper

pedagogical background is a hard quest to properly evaluate the usability of educational

environments. Thinking of learning and usability as independentissues in the educational

software context is simply impossible. Design of tools for educational purposes has to be

driven by educational theory [33]. 

According to Coles [31], people learn in three ways, which constitutes the three groups

of human-learning theories: through modeling and imitation (Social learning theory), through

reinforcing the rules and through rewards and consequences (Behavioral learning theory) and

through active dialog and thinking (Cognitive-developmental theory). All of these, in my
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opinion, can be mediated and facilitated by computer-based technology. Social learning

theories stress the importance of social surroundings in the learning process over the actual

records. Building and maintaining the proper relationships is possible with the aid of

computers. Behavioral learning theories advance the construction of reinforcements such as

rules, structures, rewards, punishments and consequences. This endeavor is fairly easy to be

done by the computers in my opinion. Cognitive-developmental theories are based on the

interaction, dialogue, their perception and processing. 

The following part briefly introduces the main human learning theories, they are

alphabetically ordered, since the division into groups is done on thebasis of the previously

mentioned three ways of human learning. The attempt to gather human-learning theories

relevant to computer aided instruction has been made by Kopponen [35].
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Behaviorism

Behaviorism is more a concept or attitude than a theory of learning. It simply states that

learning is the acquisition of new behavior, which is only observable, discounting any mental or

other internal learners' activities. Although obsolete, behaviorism still influences the teaching

process, where teachers like to punish and reward students in order to support their learning.

Many later learning theories based on behaviorism have beenapplied in the CAL, though

behaviorism has been found to be insufficient to fully explain human learning and therefore

methods based on it should be regarded accordingly.

Information pickup theory

According to Kearsley [30], information pickup theory “suggests thatperception

depends entirely upon information in the "stimulus array" rather than sensations that are

influenced by cognition.” More further, the perception is seen asa direct consequence of the

environmental properties and it does not involve any form of thesensory processing. The

environment should be realistic and unconstrained in order to facilitate perception. 

Operant Conditioning

The operant conditioning learning theory is based on the concept of stimuli and response

which comes from the behavioristic framework. It states thatlearning is a result of an
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individual's response to the stimuli in the environment without mentioning any of the internal

(mental) states. Responses then produce consequences (associations), the wealth of which

depends on the nature and frequency of the stimulus-response occurrence. Moreover,

reinforcement is a key element of this theory, serving to strengthen the desired response. One

of the basic principles of operant conditioning says that a behavior that is positively reinforced

will reoccur and the intermittent reinforcement is particularly effective [30].

Mathematical Learning Theory

This theory attempts to describe and explain the learning process in mere quantitative

terms and as also Kopponen notes it plays an important role in the history of computer assisted

instruction [34] as it was applied during the beginnings of first real CAI. Quantitative terms are

such as the mean time to learn some particular subject, variance of performance of the whole

class and so forth. There are two main principles that govern themathematical learning theory:

first, it is possible to develop an optimal learning strategy forthe particular learner while

detailed model of learning process is available and the second principle states that if the

learners have had enough time to learn then the optimal learningperformance can be achieved

[30].
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Constructivism

By definition, constructivism is a philosophy of learning basedon the premise that our

own construction of knowledge is the result of the reflection on ourcurrent or past

experiences. It means that each of us construct and refine our ownmodels based on our later

or current experiences and during time we adjust these models in orderto fit them to our

newer experiences. In other words, learning and understanding should be “active, constructive,

generative processes such as assimilation, augmentation, and self-reorganization” [33]. 

GOMS

The GOMS model has been introduced already once in the usability part of this thesis

and belongs to the cognitive-developmental group of learning theories. GOMS is closely

related to human-computer interaction, describing information processing as a sequence of

goals, operators, methods and selections between the methods, all serving to search the
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problem space. Although originally intended for text editing tasks,GOMS influenced many

later psychologists and gave the framework for models such as the minimalistic model or the

Soar learning theory which have been applied in later research and computer-based services.

GPS

The General problem solver (GPS) was a highly ambitious attempt to simulate human

problem solving by a computer simulation program. The solving of the problem has been

broken down into sets of the subproblems and after solving the content of the subproblem set,

a general problem could be solved [30]. The GPS theoretical framework introduced the use of

productions, meant to specify cognitive models. The whole behavior was explained as a

function of memory operations, control processes and rules. Thedescription of problems as an

input to GPS turned to be critical and therefore GPS could be used only in well defined

problems. Although unsuccessful, GPS has had a great impact on later theories such as GOMS

or Soar.

Soar

The Soar theory has been based on the previous works of GOMS modelsand GPS in the

sense that it has built up on the idea of searching a problem space. From GPS the Soar theory

inherited the use of productions for expressing human cognition [35].Chunking is the primary

concept of learning in the Soar architecture. Currently, Soar is used in a variety of tasks,

mainly by artificial intelligence researches to implement a seemingly intelligent task solver, an

agent [36].
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Socio-constructivism

In the Soloway's articleLearning theory in practiceauthor, beside the definition of

constructivism, also points out that we have to include a social context of the constructivistic

learning, what means that the learning process is an enculturation, in the sense of the

collaboration within the certain group defined by its characteristics including common habits,

language, practices, beliefs and others. By this contribution, mere constructivism is enriched

and becomes socio-constructivism. Socio-constructivism considers both individual and group

cognition as the whole idea of learning. For most educators constructivistic approaches play


 �



the key role in the learner-centered environments and allow adopting the learning process into

the computer supported situations.

Minimalism

The minimalist theory identifies itself as having its roots in the constructivism and gives a

framework for designing the instruction; it is especially intended for the development of

training materials for (adult) computer users [30]. Similarly to constructivism, minimalist

theory suggests the learning tasks to be meaning-full and self-contained activities, the

instructions should allow self-directed acquisition of knowledge and models. Moreover,

minimalism also stresses the real-world context of learning and learning materials, using tasks

that provide error recognition and recovery and it supports the active forms of training. The

minimalist theory has been widely applied to the design of computer documentation [30].

Social development theory

The social development theory claims that social interactions play the main role in the

development of full cognition within a limited time span, the age ofa human. This mean that

humans are able to fully possess certain knowledge only during a certain period of their

development. The social development theory as a general framework influenced later works,

for instance the situated learning theory.

Situated Learning

The situated learning theory puts in the forefront the importances of activity, context and

culture in which learning occurs, in other words the situation of learning. This theory forms a

contrast with traditional classes in the past, where the information given to students was out of

context and usually too abstract. Knowledge needs to be presented in an authentic context

according to this theory. It also stresses the social aspects,considering the position of the

learner as a part of the community; collaboration is considered as a basic prerequisite leading to

successful learning process. Situated learning is related to the information pickup theory and

the social development theory, which were its predecessors; it mostly influences computer-

based training services [35].
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Multiple Intelligences

The theory of multiple intelligences suggests that there are more distinct forms of

intelligences (as opposite to one general intelligence which waspresumed earlier) and each

learner individually possess' every one of these forms in different degrees. The term intelligence

means the way how humans perceive and understand the world. Currently we recognize at

least seven forms of intelligence (alphabetically): body-kinesthetic (e. g. ability to control the

body movements), interpersonal (person-to-person communication and relationships, e. g.

social skills), intrapersonal (e.g. insight, self-reflection), linguistic (verbal, ability to use the

language), mathematical (e. g. logic, reasoning, inductive and deductive thinking, pattern

recognition), musical (rhythmic) and spatial (e. g. visualization). The multiple intelligences

theory gives the framework for individual customization of the whole learning process (i. e.

also assessment) following the abilities of each learner. 

The total human development model

The total human development (THD) model is a framework that integrates psychology,

philosophy and technology in teaching. It stresses the equal importance of the previously

mentioned sciences to the learning process, which means thatthe philosophical foundations,

such as including development of the whole person within the whole community, the context of

relationships and respect and responsibility; psychological foundations, such as social,

behavioral and cognitive-developmental learning theories; and technological foundations, such

as exploration through reading, understanding through problem solvingand action through

program development [31]. Since THD is more general and goes beyond the classical human

learning theories it can be used as a foundation for the whole learning organization rather than

be applied to a specific subject of learning. 
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When comparing traditional tools with educational systems, thelatter are clearly specific

in the way that the user has more to learn in an educational context. However, another

difference comes up when considering the goals of users [32]. Accepting the idea of a user

having multiple goals, one has to establish the comparison between the different levels of focus

upon the different goals. Beside the traditional perception, as users' focusing on interaction
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goals (for instance saving their actual database view), in an educational setting we want to

focus on other types of goals. 

The relationship between traditional and educational goals also varies. There might

sometimes even be a contradiction between them (for example the interface metrics should

drive the design of an interface to avoid user confusion, overloading or fluency in navigation,

which can in some learning situations be beneficial); also goals may be found to be subservient

[32], supporting each other. As Gilmore also claims, the focus on interface goals might cloud

the more important goals, which in an educational setting are regarded to be the learning goals.

Further more, in his three case studies of learning systems, Gilmore also disaffirms a few basic

HCI assumptions by revealing how performance and learning are related. This results in the

conclusion of the requirement of having separate learning and performance (usability) goals;

shows the importance of learners' mental-models which allowsthe transfer of learning between

different interfaces; and finally Gilmore suggests that “the benefits of direct manipulation (as

known from HCI) for office users of technology may be a disadvantage to educationalusers”.

These conclusions change the HCI groovy guidelines in view of educational systems. 
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According to Soloway [33], every educational system has to address three unique needs

of learners:growth, diversity andmotivation. Growth is the main goal of education towards

the learner, the goal of education; it means the evolving learners' knowledge by promoting new

ideas. Diversity considers differences amongst learners, their gender, environments, physical

conditions, cultures and so forth, in order to accommodate their various needs. The third part

of learners' needs is motivation. While evaluating educationalenvironments, pedagogical issues

are extremely important and have to be equally taken into account with the usability factors. 

Soloway further considers constructivism and socioculturism astwo theoretical

frameworks currently underlying the reform in education. According to him, educational

environments comprise of thecontext, tasks, tools and interfaces [33]. Context is the

environment in which the software will be embedded, how it will be used and who will be the

users. The second component of learning environments are taskssupported by the software.

Tools and interfaces have been covered previously in this thesis, however there are also

pedagogy-related issues in them which have to be addressed in the educational environment.

Learners have to be given the possibility to address each of theirunique needs from each

component of the learning environment. For instance, proper tools should be selected and tasks
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designed to respect learners' growth and diversity and to increase their motivation. At the same

time, the tool has to satisfiable fit into the current learning environment and complement other

teaching activities at the learning organization.
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The Soloway's view to the structure of learning environments is a strictly learner-

centered orientation. In the real learning processes there are also at least two other parties

involved. Namely, the teachers and the management. Therefore, while identifying the essential

issues of learning environments, we have to include also these two roles into the consideration.

Our initial framework of learning environments adopts Soloway's ideas and consists of a

learner, a teacher, and manager and identifies how well are their roles in the learning process

supported by an environment from the perspectives of the components of the tool. Using the

previously given theories, we match the roles against the components in order to identify the

essentials of this intersection, the needs of each participant in the learning process.

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

identified, categorized by the context, tasks, tools and interfaces.
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As has been shown earlier about the classical usability evaluation methods, most of them

are not context sensitive, which means that they do not take specific environments into

consideration. Furthermore, in an educational setting, contextsensitivity means that

educational goals change with the distinction of educational domains. There are definite

differences between software supporting e.g. geography course and software meant to aid

math students and similarly, the information offered for university students of geography differs

to that offered to pupils in comprehensive schools. We clearly see that the context is the

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

Context

Considering the learners, knowledge needs to be presented in the most authentic context

as possible and aligned with the learning goals. This clause is a direct implication of

constructivism and the situated learning theory. 
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Roles

In the learning process it is very important to allow every participant to keep his or her

role in the teaching process and when appropriate to facilitate the creation of new profiles,

editing stored profiles and changing roles according to the needs. 

Personalization and customization

A learning environment has to offer maximal personalizationin order to adapt to the

learners' needs such as growth. From the theories of learning and developmental psychology

we learned that each stage of learners' growth has to be aligned with different learning strategy,

context and tasks. In its best, a learning environment should be adaptable to the learners. 

A learning environment has to provide many perspectives to perceive the subject of

learning and enable their customization. This can be done either by the tool itself, or by a

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

Cultural diversity

Currently learning also encompasses cultural issues which have to be taken into account.

The education nowadays becomes more multicultural than ever and oursociety becomes a

multilingual one. The tools should effectively build on the cultural diversity and, of course, it

has to represent knowledge in inoffensive way towards the cultural ethnics.

Credibility and trust

One of the primary aspects of every learning system is the credibility of authors and

sources. This becomes more crucial especially for the Internetresources. Therefore, the

requirement on all the resources being clearly and rigorously referenced has to be satisfied.

Educational environments should also support learners' trust in them. This support has to

be concerned throughout the whole learning process and throughout all the components of a

learning environment. 
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Into the tasks group as a component of learning environment, we categorize the

activities, means, setting, conditions and the surrounding leading to the successful attaining the

learning goals. 
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Motivation

All of the tasks that lead to fulfilling the learning objectives have to sustain and even

increase learners' motivation when needed. The environment has to gain users' engagement and

interest, learners often need an additional encouragement to sustain the motivation and interest.

Goals

The traditional perception of the interaction goals falls shortwhen considering learning

environments.Learnersshould be given specific and clear learning goals under instructional

situations, but while they discover new knowledge the goals should be less focused.

It is also theteacherwho establishes the goals and wants them to be fulfilled. The use of

certain learning environment has to help to satisfy the teacher's goals.

Task sequence and level of abstraction

According to the minimalistic and constructivistic approaches, all learning activities

should be self-contained and independent of the sequence. On the other hand, there might be

situations, where it is necessary to follow a certain task sequence to properly construct the

knowledge.

The level of task abstraction closely corresponds with the learning goals. The learning

environment should properly offer a combination of low- and high-level tasks to completely

support learners' comprehension.

Real world match, authenticity

One of the most stressed characterizations of an optimal learning process is the match

with the real world. The learning is of no value if it refers to artificial environments or tasks.

The environment has to allow learners actively acquire the knowledge 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 learning domain objects for the

learners, for instance by the means of an adjustable level of abstraction according to the

experience and growth of the learner or by integrating enough means of representation.
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As stated before, all learning environments consist also ofthe tools being used during the

learning process. Technology-related issues of the tools are addressed by a separate chapter of

this thesis. Nevertheless, pedagogy-specific or learning-specific tools' factors still need to be

covered. 

A complex tool should possibly comprehend the whole learning process; in terms of

time, the period starting with teachers' material preparationand finishing with the course

assessment; and in the terms of persons, including all involvedparties, learners, teachers and

process managers, classes and surrounding persons, for instance learners' families.

Learning styles

As Collazos points out: “Success in collaborative learning subject matter means both

leaning the subject matter (collaboration to learn), and learning how to effectively manage the

interaction (learning to collaborate)” [37]. Taking the conclusions from previously mentioned

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

Learning materials management

If applicable, the tool should help teachers prepare, edit and share learning materials.

This can be done also by an external application, while the learning environment uses it for the

material management.

Learning process management

This part of learning environment offers the perspectives of learning process to the

managers. Beside that, the tool should enable different views tolearners' performance during

time to facilitate assessment. If the nature of learning is based on the collaboration, the tool

should facilitate groupwork, e.g. by providing the means for communication, sharing and

monitoring of the learning process. 
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The usability part of this thesis considers the effects of the interface to the performance

in a traditional HCI way. However, new consequences arise by taking the learning environment

into account, which are not explicitly mentioned as being part of the interface's usability. In
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addition and as has been shown above, some principles of HCI usability might be in opposition

to the fundamental requirements of learning environments. E.g. in the learning situations, error

free performance is not always desirable. Even more attentionshould be put towards feedback,

which has to support students by suggesting and encouraging their next steps. 

The interface of the environment should distinguish between thelearner, tutor and

manager. It would not be appropriate if the layout of the interface would lead to

misunderstandings of the main conceptualization, for instance itshould be able to accept

different formats of inputs. Taken altogether, interfaces have to be tailored to the tasks

performed and learners' needs.
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The most important human learning theories have been introducedin this chapter.

Behavioral theories are concluded as being on the opposite side ofthe spectra to the theories

based on the constructivism. Constructivistic theories brought the shifts in education, from the

teacher-centered to the learner-centered, from the school to life-lasting education, from

focused learning to holistic approaches. The modern educational tools should follow these

shifts. However, behaviorism and other learning theories still have to be taken into account. 

As a conclusion drawn from the theoretical frameworks, the essential pedagogical

aspects of educational environments have been introduced. Three unique needs of learners',

growth, diversity and motivation have been identified; three main roles involved in the learning

process, the learner, the teacher and the process manager have been identified; and learning

environments split into the context, tasks, tools and interfaces which yields the categories of

pedagogy-related factors. Pedagogical issues of learning environments have been established as

the criteria of fulfilling each roles' needs in the distinct parts of the learning environment.
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The lessons learned from the development of traditional usability evaluation methods say

that without appropriate evaluation techniques, the developers, designers and other responsible

staff do not accumulate enough skills, knowledge and experience to buildbetter systems. This

claim is valid throughout all the systems including learning environments and is independent of

any application area. 

Kopponen in her dissertation argues that the design and evaluation ofCAI environments

are based on four demands: domain-based demands, instructional demands, user interface

demands, and pragmatic demands; her point of view is close to Soloway's division of learning

environments presented in the previous chapter. Based on these perspectives of CAI,

Kopponen developed a set of criteria used for the evaluation of the CAI courses.

Similarly to the traditional HCI usability evaluation, the dimensions of methods for

educational environments vary from summative and formative, through quantitative and

qualitative, controlled and formal experiments and observations and informal methods.

Considering groupware as an approach to learning environment development, plenty of

evaluation methods have been developed for the collaborative domain. For instance heuristic

evaluations have been adapted to collaborative environments.Baker shows many of the

problems that appear when trying to apply known HCI evaluation methods without proper

adaptation [25]. Generally, heuristic evaluation does not focus on mechanisms of interaction,

therefore HE here is based on mechanics of collaboration, the basic activities of shared work;

this expanded approach is deemed to also uncover problems which cannot be covered by the

original method. 

Heuristic evaluations have been also used as a model in the work ofSquires and Preece

[40], directly targeting the prediction of usability in learning environments. They enriched

Nielsen's original idea by the socio-constructivist view of learning, yielding to “learning with

software heuristics”, which brings better contextual sensitivity to the inspection method.

Another example of an adaptation of the classical HCI method is the groupware walkthrough

[27], based on the cognitive walkthrough method. Similarly as in theHE adaptation, the

groupware walkthrough is based on the mechanics of collaboration.
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As mentioned before, many learning environments are based on the multimedia

framework. The evaluation of multimedia software does not differ from single-user systems

very much, though there are special issues that need to be considered, for instance more

attention has to be paid on cognition related factors. One of the evaluation approaches used in

multimedia is the guidelines review [28].

Finally, one of the most used approaches to the evaluation of educational systems is the

checklists and questionnaires method. In the following sectiona few of currently used

evaluation checklists are introduced.
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Checklists are one of the most often used usability evaluation techniques and belong to

the inspection evaluation methods group. The main purpose of using checklists is to assess a

systems' conformance to the established principles of evaluation. Recently, plenty of checklists

have been developed, mostly aiming at Web environments. In the next sections I will briefly

introduce some current checklists meant to be used by the end-users (in our case by teachers)

in the evaluation of educational environments, the Delta checklist and Ravden and Johnson

checklist. Morecomplex evaluation based on the checklist approach is introduced in the

handbook by the Learning Technology Dissemination Initiative (LTDI) [39].
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The Ravden and Johnson checklist [41] has about 120 questions separatedinto

categories addressing certain aspects of usability, for instance visual clarity, information

feedback or consistency, which keeps and leads the evaluators' attention to these aspects. The

original Ravden and Johnson checklist influenced many later checklist-based approaches.

However, it can be declared to be obsolete as it does not fulfill the requirements laid on

contextual sensitivity. 

Ravden and Johnson's checklist is divided into eleven sections:

1. Visual clarity

2. Consistency

3. Compatibility

4. Informative feedback

5. Explicitness

6. 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 matters. While modified to

implicitly expect numerical answers, the use of the Ravden and Johnson checklist has been

found artificial by teachers who are used to giving numerical grades; the Ravden and Johnson

checklist also does not address pedagogical issues and since it includesmore than one hundred

questions, it is long to apply. I see the good points of the Ravden and Johnson checklist in

leaving out the 'Comments' fields to evaluators and its structured approach which guides the

evaluator.
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As claimed by itself, the Delta checklist “... can be used in order to gauge the quality of a

computer-based interactive learning facility with respect toits basic aesthetics, the nature of

the learning environment which it provides and the types of pedagogyinvolved.” The Delta

checklist provides 13 categories and two open-ended questions; and originally been developed

for the evaluating of educational CD-ROMs. 

As I mentioned above, the Delta checklist introduces 13+2 categories: 

1.  Engagement

2.  Interactivity

3.  Tailorability

4.  Appropriateness of multimedia mix

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. Availability 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 cognitiveand pedagogical issues.

However, I feel the Delta checklist is not comprehensive comparing to the other methods of

usability inspection evaluation and it does not supports a peer review based evaluations.
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The LTDI checklist is a multipart questionnaire, attempting to cover a wider area of

learning environments. This evaluation instrument consistsof seven parts meant to be used

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

'first step evaluation checklist' includes about 100 questions and covers aspects of learning

effectiveness, usability, presentation and the content of software. The author leaves the

decision of what is important and relevant up to the users of checklist, teachers; the checklist is

meant to support teachers' decision of which software to use in thelearning process, in other

words it should guide them throughout the review of the software under selection. The

opening part considers issues prior to the selection of learning software, while the following

parts guide the evaluators step-by-step and address the first impressions, interaction perception

and presentation of information, closing with pedagogical issuesof matching strategies with

objectives or assessment. After this guided walkthrough, the summarized rating of usability,

layout, and academic content attainment of learning objectives is offered for evaluation. 

Another part of the LTDI checklist is the open-ended questionnairefor pre- and post-

intervention. The tool also gathers information about students' opinions, attitudes and

confidence in the software.

The LTDI first step checklist contains several parts; the second part, called the “step by

step guide” introduces the checklist consisting of the following categories:

1. First impressions

2. Level of user control and interaction

3. Package design and layout

4. Prioritization and presentation of information

5. Provision of student support

6. Matching strategies with objectives
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7. Feedback support for users

8. Assessment

9. Moving between sections

10.Overall evaluation – usability, layout, academic content, attainment of learning

objectives

The LTDI checklist seems to be more comprehensive in attempt to the evaluation of

learning environments between the checklists introduced previously and to be the nearest to the

facilitation of the peer evaluation. However, in my opinion it has also a few considerable

drawbacks; LTDI does not address technological factors and it includes misleading questions

in the checklist (e.g. “How many icons appear regularly on the screen? Can you describe each

of their function?”) without further explanation, which does notgive any help to the evaluator

and therefore makes the evaluation inaccurate. It may be difficult for inexperienced evaluators

to find the relation of questions similar to the one mentioned above to usability issues. While

the selection of the parts to be included in the evaluation is up to the teacher, it is thus difficult

to compare the results of evaluations of the certain environment.
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The usability evaluation methods of learning environments currently used have been

introduced along with the deeper insight to the three representatives of the checklist-based

evaluation. The main characteristics of the Delta checklist,Ravden and Johnson checklist and

LTDI checklist have been highlighted. While comparing the capabilities of the introduced

checklists, one has to consider the different purposes of each of them and the purposes of the

method we are going to develop.

Ravden and Johnson have developed their checklist in the late eighties of the twentieth

century when the impact of an innovative technology has been justabout to start. This

checklist is generally criticized for its extensiveness and difficulties with relating questions to

the actual interface. However, the Ravden and Johnson questionnaire is thorough and

comprehensive in the terms of traditional usability issues. 

The Delta checklist has been primarily developed for the evaluation of multimedia

learning CD-ROMs, which had a clear influence on its structure.This is apparent in sections

like 'Quality of interaction', 'Learning styles' or 'Monitoring and assessment techniques'. The

Delta checklist has been used in the study which aimed to find the preferred evaluation scheme

	 




among the teachers and it received a better reception than theRavden and Johnson checklist

[16].

The LTDI checklist is a result of focused study and research at implementing learning

technologies in Britain and addresses the most of educational issues from group. It is a

comprehensive and multipart questionnaire aimed to be the first aid to the teachers.

� �



� � � � � � � � � � � � �

The change of context of evaluation to educational environmentsraises many interesting

and important issues. In the previous chapters I have pointed out themost important factors,

viewed in the perspective of usability evaluation, underlying design, development and the

evaluation of educational systems. Usability methods have beenintroduced as a traditional

approach of evaluations. Technological aspects of systems have been proposed as being

integral parts of every evaluation. And finally, pedagogy-relatedtopics have been quoted and

shown to be an integral part of educational environments. Thus, the whole model of learning

systems evaluation comprises of technological, usability and pedagogical issues taken into

equal concentration. This framework ensures the sensitivity of the evaluation to learning

environments, while the usability and technology-related issues are still covered. The following

part of this thesis establishes the TUP (technology, usability, pedagogy) model.
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It is up to the teachers which software they will select for their courses. The number of

learning environments grows rapidly and most likely this ascentwill continue in the future. To

help educators with this decision and to facilitate their reviews of the environments, an usable

usability evaluation method should be developed, with equal attention to usability, pedagogy

and technology related issues. Practicing this method should yield easier and accessible

comparisons of educational systems and therefore ease the selection of educational software.

While the classroom teachers are not usability experts, the proposed method has to offer a

way, how to ease the evaluation for them.

Using the checklists in form of questionnaires fulfills these primary requirements and

gives the possibility to practice a peer evaluation. Questionnaires have also other considerable

advantages. They can be easily maintained, data can be gathered easily and independently from

each evaluator so the time span is possibly unlimited. If the design of questionnaires is made

with respect to later processing, the retrieval of results can beeffectively tailored. Further,

while practicing a checklist based evaluation, there is no needfor an expert attending to the

actual evaluation process. 

However, special attention has to be kept on the actual questions ofthe checklists. The

formulation of particular question can influence the evaluators and consequently the results of

the evaluation; the language of checklist items should be neutral, the use of negatives should be
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avoided in order to not mislead the evaluators. The evaluators should be helped to recognize

the different importance (weight) of the questions. Similarly important consideration has to be

carried towards the form of answers. For instance, the Delta checklist uses both numerical

fields for 13 questions and two open-ended (free form) questions. LTDI uses a combination,

however mostly boolean YES/NO types of answers are used. Questionnaires themselves can be

evaluated for their validity and reliability after a statistically significant amount of data has been

collected.

A checklist for evaluating learning environments should be constructed in order to enable

wide application and to be easily adaptable for the possible innovative environments. As shown

in this thesis, learning systems may differ, starting from the paper-form lecture notes to

including collaborative systems, multimedia and Internet based services.

The purpose of the TUP model is to facilitate teachers in their reviewing the learning

environments and sharing these reviews [16]; because of the afore mentioned advantages and

for the main purposes of evaluation, the checklist approach to the evaluation has been selected.

The TUP model equally concentrates on thetechnological, usabilityandpedagogicalissues, it

is aimed to provide a peer-review and accumulate the knowledge.

The general idea of TUP also consists of the actual evaluation tool which uses the

proposed checklist. By gathering the organizational information, the data about the

environments being evaluated, the evaluators, and the evaluations, the TUP tool becomes an

integral part of the TUP model. The previously mentioned additionalinformation needed to be

gathered prior to the evaluation is outlined in appendix E.

The TUP method can hardly be categorized according to the division of methods used

by this thesis. As based on the use of checklist, it is clearly anusability inspection method.

However, from the viewpoint of its usage, it can be categorized also as an inquiry method.

Questionnaires also have a few drawbacks. As mentioned in the usability chapter 2.3, the

questionnaire-based studies suffer from a considerably low response rate. In addition, if the

checklist starts to be long the application of it is tedious. Evaluators also tend to answer

according to more memorable events instead of unbiased experiences. In my opinion, most of

the problems related to the use of questionnaires can be anticipated by the careful design of the

questionnaire and its supporting system.

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

for instance Squires shows seven drawbacks of the checklist approach in their article [40].
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Squires claims that “it is difficult to indicate relative weightings for questions”, “selection

amongst educational software of the same type emphasises similarities rather than differences”,

“the focus is on technical rather than educational issues”, “it is not possible to cope with the

evaluation of innovative software”, “it is not possible to allow for different teaching strategies”,

“off-computer, teacher generated uses are not considered” and “evaluation in different subject

areas requires different sets of selection criteria” [40, p. 471]. Theproposed TUP method, the

TUP questionnaire and the TUP system based on this model considerably remove most of

these drawbacks.
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The following checklist is based on the previously visited theoretical backgrounds. My

purpose is to develop a wide checklist, whose content will be validated during the next period

of the development of TUP; it means that the supporting environment will be developed and

the questionnaire will be actively used for the evaluation of selected environments. Further

experiments will be performed in order to improve the coverage of the method. The checklist is

divided into three parts, technological, usability and pedagogical aspects. Further division of

each part is based on the previously established schemes. Technology-related aspects are

categorized into the groups established in the chapter concerning the technological factors in

this thesis. The division of usability factors partly follows the ISO definition of usability and its

relation to the context of use and Nielsen's attributes of usability. Pedagogical issues of the

TUP checklist are divided into the subgroups according to Soloway's view of educational

environments [33]; most of the pedagogical issues arise from the constructivistic theories of

learning, although other approaches integration implies the rest.
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The checklist itself has to fulfill usability requirements to theextent that it has to be easy

to use easy to learn, and it has to be understandable. In addition, evaluators should not be

confused by the offered way to answer the questions. The following table overviews the

possible types of answers. These will be later used to specify thetype of an answer, as long as

many different possible ways exist. The possibility of leavinga question unanswered has to be

given to the evaluator, for instance by answering 'Not applicable' or 'N/A'.

Questions which belong to the 'short numerically answered questions' and questions

expressing attitude offer 'middle' or 'neutral' values; that meansthere is an odd number of
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possible values. In addition to the numerical representation, a textual cue is offered for the

numerical questions. 
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The following table summarizes the checklist questions addressing the technological

aspects of learning environments. The division follows the categories established in chapter

3.3. If not stated otherwise, the default type of an answer is a boolean type B.
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Beside technology-related aspects, the TUP model also equally concentrates on the

usability aspects of learning environments. The following list is obtained by taking the Nielsen's

views of usability, the ISO definition and the categories of established usability checklists.

However, considering the influence of usability to the learning process has to take its part here

along with the implications arising from the core usability principles. As long as the

pedagogical factors are essential in the TUP model, in cases of an inconsistency pedagogy is

superior to usability. Therefore, the aspects usually covered by usability evaluation (for

instance the match between the real world and the system corresponding with the

constructivistic view to learning as well) were moved or partly moved into the pedagogical

section. While there are contradictions between usability and pedagogical requirements,

traditional usability aspects such as the low error rate are not included.
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The pedagogical issues form the core of this checklist and thus they are superior to the

other issues of the system evaluation. The grouping of issues follows the categories established

in 4.4. Referred “learners' needs” in the following table complywith the unique needs defined

in the chapter 4.3.
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In the present, the TUP questionnaire represent a wide spectrum of issues to be

considered during the evaluation process. The content of questionnaire and therefore the

questions and the actual evaluation process have to be studied and analyzed into the detail and

the final version of the TUP model will be derived from that. Currently, the TUP model

consists of 96 questions, where the technological part contains 27items, the usability part

contains 27 items and pedagogical part addresses 42 issues at the moment.

After the TUP questionnaire's questions have been established, it is necessary to add a

few comments on the use of the questionnaire. Every question shouldbe accompanied by a

thorough explanation in order to help the evaluator in relating the question to the actual

environment. What did not fit into the tables above is the field offering the evaluator to add a

comment to every question. The whole evaluation process is structured into the three basic

parts: technology, usability and pedagogy. The actual proceeding of the evaluation should be

considered.

� � � � � � � 	 � �

The TUP model constituting of technology, pedagogy and usability hasbeen introduced.

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

model has been established with the TUP checklist in the form of questionnaire.
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The usability of educational environments cannot be assessed by traditional HCI

methods. This thesis has shown a few HCI paradigms which are in thecontrary to the

requirements of the proper evaluation of educational environments. Traditional HCI evaluation

methods of usability mostly fall short in addressing the essential parts of learning environments

and the unique learners' needs as long as learning cannot be approached in the pure usability

sense. However, every system interacting with humans will always include some kind of

interface and that is the point where traditional HCI methods take part. This thesis argues that

it is possible to overcome the main drawbacks of using questionnaires for the purposes of

evaluation of educational environments.

The development of the TUP questionnaire has brought plenty of questions which should

be answered during the next stages. Namely: it is clear that the set of the pure usability

principles has been reduced while other parts of the questionnaire are strengthened. Does it

indicate that usability as such is not that important in educational environments? Or does it

pose a question of rating the importance of usability within educational environments? Another

issue interlacing throughout the thesis is the context of education. What should be included in

the context of educational environments and what issues have such an influence on learning

that we have to include them in the evaluation? The development of the questionnaire has also

shown that we have to gather information describing the applications and also the background

of the evaluators, their institutions, environments and courses supported by the evaluated tools.

The previously mentioned information are valuable sources for the potential users of the tool.

Considering the maturity of evaluators and use of the checklist, the system facilitating the

evaluation has to be developed. The important issue which must be considered is that the TUP

method heavily relies on the abilities of the evaluators, theteachers. Their actual performance

during the evaluation clearly influences the results of the study. Finally, the pedagogical part of

the TUP questionnaire is mostly supported by socio-constructivism. This theoretical approach

is not completely developed nor implemented into the educational environments which may

cause dissatisfaction with the results of a TUP based evaluation.

While thinking about the future stages of the development of TUP, first the evaluation

tool has to be developed to facilitate the use of the TUP questionnaire. Then a few studies have

� �



to be launched in order to collect data and evaluate the questionnaire itself. My idea of the tool

supporting the TUP based evaluation includes build-in intelligence enabling the automatic

adaptation of the checklist to the actual application in order to facilitate the evaluation. This

feature should ease the evaluation for the nonprofessional evaluators, which are the main group

of users of the TUP.

In conclusion, I feel that this thesis has installed more questions than it has answered so

far. It is the result of the unexplored interdisciplinary topic in focus and it brings more

challenges for the future. This thesis, however, provides the fundamental framework for further

research and development.
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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 what is going on, through appropriate feedback
within reasonable time. 

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

User control and freedom 
Users often choose system functions by mistake and will need a clearly marked "emergency exit" to leave
the unwanted state without having to go through an extended dialogue. Support undo and redo.

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

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

Recognition rather than recall 
Make objects, actions, and options visible. The user should not have to remember information from one
part of the dialogue to another. Instructions for use of the system should be visible or easily retrievable
whenever appropriate. 

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

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

Help users recognize, diagnose, and recover from errors 
Error messages should be expressed in plain language (no codes), precisely indicate the problem, and
constructively suggest a solution.

Help and documentation 
Even though it is better if the system can be used without documentation, it may be necessary to provide
help and documentation. Any such information should be easy to search, focused on the user's task, list
concrete steps to be carried out, and not be too large.
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Integrating Learning Design in Interactive Compact Disc

The Evaluation Check-list 

The check-list presented below can be used in order to gauge the quality of a computer-based interactive
learning facility with respect to its basic aesthetics, the nature of the learning environment which it provides
and the types of pedagogy involved. Individual products should be assessed with respect to each of the broad
evaluation categories presented in the check-list.
Basic Evaluation Check-list

1. Engagement 
2. Interactivity 
3. Tailorability 
4. Appropriateness of multimedia mix 
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 
13. Availability in terms of cost and delivery platforms 
14. Outstanding strengths and attractive features 
15. Outstanding limitations and weaknesses 

Notes are provided in the questionnaire which outline what is involved in applying each of the evaluation
categories listed above. These notes should be used as an aide memoire; they should be read prior to conducting
either a single or a batch of assessment experiments. Included with the notes is a list of key questions which are
best felt to encompass the learning design features of each evaluation category. Such questions should be
applied to each software product and used to form the overall conclusion about that product.

It is important to realise that no attempt is being made to assess the learning effectiveness of products since this
would require more extensive controlled experiments involving both pre-tests and post-tests.

interact-evaluation@icbl.hw.ac.uk 
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The following text serves as an outline of the TUP tool and the following evaluation. It

gives further explanations and references to the TUP checklist.These notices should be used

altogether with the checklist questions in order to give evaluator a help.

Proposed informational model

The TUP tool should gather various information about users, environments being

evaluated and about the evaluations, in the TUP model called the reviews. From the previous

chapters it follows that the TUP system has to inquire the user's background, institution and

professional field. Further, concerning the environments underevaluation, the TUP system

collects identification and description of an application, its purposes and destinations, learners'

target level, resources by which the environment is served, authors, language of an application

and so on. The exact set of information which is needed to collect is the subject of an

additional research.

Additional notices concerning the TUP checklist

In the chapter 6.2 the TUP checklist has been established. However, in order to facilitate

the evaluators' performance the following explanations shouldbe used altogether with the

references to access more comprehensive information, if needed and available. The evaluators

has to be supported by the system. The keywords in the questions shouldbe highlighted and

the further explanations offered.

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

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

comprehension.
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