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INTRODUCTION

In this chapter we describe the evaluation of web-based Open and Distance Learning Programs in a more technical manner. The evaluation approach mainly described is the heuristic evaluation, which belongs to the expert-based evaluation methodologies. First of all we discuss some general theoretical issues that are of importance regarding web-based ODL environments, such as the communication channel between the participating entities, the issue of learnability and the overal evaluation of such an environment. Then we introduce the principles of educational evaluation, of interface evaluation in general and of expert-based approaches in particular, and we compare the empirical and expert-based methodologies. Finally we present the heuristic evaluation, in its initial form as well as in its web-adapted variation. The main objectives of the chapter are to prove the applicability of the method in the web in general and in ODL environments in particular, and to investigate the appropriate heuristic list, which can assess the usability and the learnability of such an environment. We present the results of some studies on the field, and discuss some points of trouble. We conclude by arguing that the method can be easily applied in the web with the proper modifications, and we propose a list of heuristics which we claim to be more web-centric and more user-centric.
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BACKGROUND
The rapid establishment of third generation distance learning environments, the so-called web-based or tele-teaching environments, brought some problems with it. There was not enough time to assess the materialization of such approaches, however the time pressure to establish the new means of instruction was more than impressive. The main reason for the fast rate of establishment was mainly the advances in technologies such as the Web, Multimedia and Human-Computer Interaction, which promised to make education resources available to a wider audience around the globe, by meeting a variety of needs, backgrounds, expectations, skills, levels, ages, abilities or disabilities of the potential learners.

In order to discuss the core points an evaluation of such environments has to be taken into consideration, we must firstly define some points of importance regarding Open and Distance Learning (ODL), in its traditional form (second generation) as well as in its web-based variation (third generation). 

Open and Distance Learning is not new. Its roots can be found in the industrial age, where economics started to accelerate and nowadays have spread to reach  the information-based economy and globalization, where information is already the fourth productivity component along with  nature,  labor and  capital. During this interval – which is not that long in reality, as it concerns the second half of the 19th century and the 20th century – new terms have emerged, such as specialization, knowledgeable workers and management (Laudon & Laudon, 2000). This was the result of rapid and fundamental changes in the working domain, where, especially nowadays, it is common to cut back on employment posts because they do not correspond  to  contemporary needs anymore, while there is lack of supply to occupy the new  positions that emerge.

As regards this point of view the need for a more versatile educational model was more than obvious. «Distance Learning» is the magic word, however the exact framework of this new educational approach is still not completely defined, since there are many components that must be taken into consideration, such as underlying educational theories, available technological resources or applied instructional approach. To achieve an optimal equilibrium is a challenge and a presupposition for a successful educational environment. 

The main means for the delivery of the new educational approach is the World Wide Web, and there are some good reasons for it: It is easily accessible by many groups of learners. It supports multiple representations of educational material and various ways of storing and structuring this information. It is powerful and easy to use as a publishing medium. Additionally, it has been widely accepted that the hyper-medial structure of the web can support learning. Some researchers characterize the web as an active learning environment that supports creativity (Becker & Dwyer, 1994). According to Thuring et al. (1995) the web encourages exploration of knowledge and browsing, behaviours that are strongly related to learning. The associative organization of information in the web is similar to that of human memory and the process of information retrieval from the web presents similarities to human cognitive activities (Tselios et al., 2001). However a hyper-medial space, like the web, cannot be considered, only by these features, as an effective tutoring environment. It is rather more appropriate to think of the web as a powerful tool that can support learning, if used in an appropriate way (Eklund, 1995; Alexander, 1995). This is because learning is a process that depends on other features, such as learner’s motivation, previous experience and learning strategies that the individual has been supported to develop, etc. Effectiveness of any educational environment cannot be considered independently of these aspects. It is widely accepted that effective learning is also related to educational environments and tools that provide the students with an incentive for active participation in the learning process. 

The theoretical foundation and the basic principles of Distance Learning, of Open Learning and of Adult Education are not within the scope of this chapter. The interested reader can find advice in the works of, among many others, Amundsen (1993), Bääth (1981), Bergeron (1990), Childs (1963), Delling (1966), Garisson (1985; 1993b), Holmberg (1960; 1977; 1995), Keegan (1980; 1996), Moore (1973; 1995), Peters (1965; 1971; 1973; 1991), Race (1993), Sewart (1978; 1981; 1987), Smith (1979) and Wedemeyer (1963; 1981). In this chapter we preassume the knowledge of these principles and we are mainly interested in examining evaluation methodologies that concern the web-adapted form of ODL, the so called distance learning environments of the third generation.

However, in order for an inexperienced ODL reader to be able to follow the chapter, we provide the principles of ODL, in a very concise form, with very few comments:

1. An ODL environment has to provide students with spatial freedom, temporal flexibility and the possibility to “tailor” the educational shape to ones own needs. In addition, it has to be flexible enough, so that every student may profit by his/her own skills and abilities, utilize his/her previously developed idiosyncratic characteristics (cognitive, social or emotional) and apply his/her previously gained experience and expertise.

2. The istructional material needs ad hoc preparation: Targets and expected results must be stated, keywords must be provided, and a review must be present at the beginning and the end of every chapter. Knowledge units must be small and concise, explanation of difficult and important parts must be present, examples and/or case studies must exist in sufficient numbers and “parallel” material and references are needed.

3. A tutor and some tutorial sessions are inevitable. The preparation of the sessions and the role of the tutor and the students during them, is a separate chapter on its own.

4. A communication mode must be established between tutor and students, synchronous (telephone, meetings etc.) and asynchronous (mail, bulletin boards etc.)

5. Assessment of the acquired knowledge is important. The tutor can assess students’progress, yet it is more important that the student performs self-assessment exercises to gather evidence about his/her own progress.

THE COMMUNICATION CHANNEL

Apart from its theoretical foundation as a research field, Open and Distance Learning still carries its «childhood diseases»: the isolation of the student and the following inactivity and loss of interest, mainly due to the aforementioned isolation, and due to the prolongation of the study time as well. This fact is the main disadvantage and in many cases it leads to the termination of the study (HOU, 1998). Many solutions have been proposed, more or less successful, but this issue has to be further investigated, mainly in the domain of motivation (Keller, 1983) in the use of the new technologies and in the area of re-defining some core characteristics of the ODL, such as the redefinition of the time management.

Yet, we believe the roots of this problem lie with an issue that almost any researcher of the field pinpoints: the transition of the traditional class to its distant counterpart breaks the personal contact between the participating parts and leads to the isolation of the student. This isolation in its turn cuts off any remaining social interaction, apart from personal contact, between the learner and the teacher as well as between the learners themselves. However, the interaction between the members of the class has been proved to be of paramount importance in every educational environment and must not be underestimated. In our opinion, the communication channel is the main means of transfer and acquisition of knowledge, nevertheless in some cases, like child education, it is even more important than the printed material. Let’s examine this interaction in more detail.

In traditional instructional approaches printed material and lectures are the main knowledge acquisition tool, but a communication channel must be established in order for the student to acquire the offered knowledge. In the web-based versions, online published material plays the same role. Obviously, we experience a differentiation here. In the traditional approach, this channel is mainly realised through the live personal contact between instructor and student, and between the students themselves. In ODL a broad combination of means is used, based on both traditional technologies (printed material, radio, television, telephone, group meetings etc.) and ICT (Information & Communication Technologies), such as electronic mail, teleconferencing etc. So, we can argue that similarities and differentiations of traditional education and ODL emerge from the fact of granting knowledge, and from the method of granting it as well.

Lionarakis (1999) suggests for the communication channel the following simplified pattern:
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Figure 1: The simplified communication channel

which in general expresses a communication pattern used in both approaches, traditional and ODL – with more or less success. This is more or less a philosophical approach, since the communication channel in ODL has a more broader and complicated meaning. The definition we prefer to follow here is that “the communication channel are the modes, the methods and the tools that realize the communicative interaction between the participants and the instructional environment”. To clarify this definition, we also attempt to describe it schematically. 

In the following patterns, the whole set of arrowed lines constitutes the communication channel. The thickness of the line indicates the potential of the interaction.

In the traditional approach we experience following scheme:
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Figure 2: The traditional communication channel

The instructor belongs to the educational organization and has strong interaction with the educational material, which is produced by him (lectures, exercises etc.) and by the educational organization (printed material etc.). The “class” comes into contact with the educational material via the instructor, while they maintain a strong social relationship amongst themselves, facilitating thus the exchange of knowledge and meta-knowledge. A number of studies, such as Garisson (1993a; 1993b) and Ratuva (1996), have pointed out that relying solely on packaged materials, like those of the second generation ODL environments, fails to enable students to become critical, independent thinkers. They stress that for these important attributes to develop, dialogue between staff and fellow students in learning communities is essential (Anderson & Garrison, 1995) like in the case of the traditional class. Until recently, large providers of distance education like the Open University in the UK, offered students summer schools where they could interact with fellows and staff. Unfortunately, these face-to-face components of distance education have increasingly been jettisoned, not for pedagogical but for economic reasons. 

However, in the case we experience physical distance between the participants, as in the case of distance learning environments, this scheme alterates strongly:


Figure 3: The ODL communication channel
There is no longer the notion of the class due to the individualization effect that occurs in all forms of distance learning, which in its turn means that the relationship between the learners and the resulting exchange of meta-knowledge is much more weaker. In addition, the notion of the teacher is much more weaker as well, who is in this case often called the “tutor”, because the learners mainly come into direct contact with the educational material, while the tutor fades out in a more supporting role. In this context the role of the tutor alterates to a manager and facilitator of learning, rather than a director (Squires & McDougall, 1994). The learners sometimes don’t even consider the educational material as belonging to the educational organization, as it is often enriched with audio-visual material produced by a third entity, web pages, links and/or other external resources. The interaction between learners and tutor is now weaker, however more frustrating and complicated. At the same time the breaking up of the class in its parts (the students) leads to an individualised interaction between the tutor and every student, which however is also weaker. The fact of the individualization of the knowledge in its turn transists the notion of Distance Learning to the notion of Open Learning. This transition together with the strongly differentiated constitution of the “class”, regarding age, ability, background etc., finally adds the word «open» in the term Open and Distance Learning.

It is now commonly advocated that cognition and learning are situated in specific learning contexts (e.g. Clancey, 1994; Pea, 1993; Brown et al., 1989, Laurillard, 1993). A situated view of learning implies that effects on learning of using information and communication technology will depend on the context in which it is used, with all the components of a learning environment (people and artefacts) interacting and contributing to the learning process. According to this point of view, the attempt of the third generation systems has long been to upgrade the interaction between tutor and learners and learners themselves to a level that will be of advantage over the present scheme. So, the communication channel seems to be a very substantial component of ODL, and its presence must be maintained at every cost. The first signs in this direction are positive. Indeed, an applicable solution seems to be telematics, which is based on the IC technologies. For many providers of distance education, telematics (all forms of electronic communication) has stepped in and is often portrayed as a viable substitute for face-to-face contact, if not indeed a panacea for distance education in particular and education in general (Mugler & Landbeck, 2000).

If we want to simplify again the above figure, we come to the following schema:
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Figure 4: The simplified ODL-communication channel
According to this approach, an ODL environment of the third generation consists of four main components: the instructional organization, which embeds the tutor, the content of the course, the learners and the means to acquire the offered knowledge, eg. the communication channel.

So, the current aim of third generation systems is the attempt to upgrade this channel to a level that is comparable to that of the live class. This can go in either of two directions: the strengthening of  the weak interaction, as presented in the analytical scheme above, between tutor and learners and learners themselves to a level that will be of advantage over the present situation, or, alternatively or simultaneously, the enrichment of the already strong interaction of the learners with the instructional material with meta-data and meta-knowledge, as it was in the case of the live class. Nowadays the first approach is based on videoconferencing and other telematic applications, while the second approach is mainly based on multimedia instructional material. However, the experienced limitations of the contemporary techology level leads often to failures and/or to misinterpretations of how these means can and must be applied. 

An important factor concerning the materialization of the communication channel through IC technologies is  synchronization. According to Shneiderman (1998) we have the following table:


Same Time
Different Time

Same Place
Traditional & live instruction
Bulletin boards, library use

Different Place
Telephone, teleconference
Home study, post

We notice that, while traditional education moves mainly in the first quarter (same time, same place), ODL makes use of all four combinations, in an attempt to avail itself of the advantages and minimize the disadvantages of each approach as well. This is the ideal state; in practice the cost of the use of all these means is prohibitive, forcing ODL to adapt to a narrower shape every time, suited to its particular needs at an affordable cost, however some compromises are made that limit its effectiveness as well. 

Nevertheless, the assessment of the success rate of the established communication channel is one of the greatest challenges an evaluation approach has to take into consideration. The main goal a well established communication channel has to confront, is to facilitate the exchange of knowledge between the participating parts. If this goal is fulfilled, then the student has an advantage over his aim, which is “to learn”, so the notion of the “learnability” of the interface emerges here and starts to play its role. 

USABILITY VS. LEARNABILITY

To define the notion of “learnability” we must firstly answer the question “what makes the (instructional) content of an environment easily learnt?” The answer to this question defines in general the learnability of the environment. A more formal definition attempt would be the statement that it is the set of the methods, the modes and the tools of the environment which facilitate the aquisition of knowledge. There is a grade of similarity of this definition to the one of the communication channel, stated before. Indeed, this work assumes that the notion of learnability embeds de facto the notion of the communication channel; it is impossible for someone to gain knowledge if the environment lacks the means to offer it. So, an evaluation of the learnability of the environment, evaluates hence the success rate of the established communication channel. A second remark on this definition is that it does not take into consideration, on purpose, any social aspects, such as the individual characteristics of the student, eg. his/her skills, prior knowledge, abilities or disabilities, since any kind of social aspects must, obviously, not affect the learnability of the environment. On the other hand, a student who possesses some additional personal advantages, avails him/herself of a learnable environment. In any case, ODL must remain “open”, so usability and learnability of the environment must perform in a ubiquitously way. Continuing on, the next question that emerges is the relation between usability and learnability and in how far one affects the other, which is a central question in this chapter. In more detail, we are interested if a usable environment facilitates the acquisition of knowledge, or, the oposite, if a less usable environment sets certain obstacles. And finally, this question transists in the question if one can heuristically assess the learnability of an educational environment. Heuristic Evaluation, as described initially by Nielsen & Molich (1990) and followingly by Nielsen (1992; 1993 and 1994), is a well established expert-based interface evaluation method for the evaluation of the usability of a particular interface. A set of interface experts is asked to judge the interface, based on a set of a few criteria, the heuristics. However, the application of the method in the web is very new. The first studies report a good integration with slight modifications in the heuristics, yet its application in Open and Distance Learning Environments has just begun. 

What do we mean by the term “usability”? According to ISO-9241 (Ergonomic requirements for office work with visual display terminals) (ISO, 1998) standard, we have the following definition: Usability of a system is its ability to function effectively and efficiently, while providing subjective satisfaction to its users.
Usability of an interface is usually associated with five parameters (ISO, 1998; Nielsen, 1993), derived directly from this definition: 

1. Easy to learn: The user can get work done quickly with the system, 

2. Efficient to use: Once the user has learnt the system, a high level of productivity is possible, 

3. Easy to remember: The casual user is able to return to using the system after some period without having to learn everything all over again, 

4. Few errors: Users do not make many errors during the use of the system or if they do so they can easily recover them, 

5. Pleasant to use: Users are subjectively satisfied by using the system; they like it.

Two important conceptions regarding the usability of an interface are “transparency” and “intuitiveness” (Nielsen, 1993; Preece et al., 1994; Shneiderman, 1998). Transparency refers to the ability of the interface to fade out in the background, allowing the user to concentrate during his work on what he wants to do and not on how to do it, in our case not interfering with the learning procedure (Roth and Chair, 1997), while intuitiveness refers to its ability to guide the user through it by the use of proper metaphors and successful mapping to the real world (Shank and Cleary, 1996), eg. by providing him with the appropriate icons, correct labeling, exact phrasing, constructive feedback etc.

The domain of the usability and the emerged term “usability engineering” has already been sufficiently studied and the interested reader can find complete coverage in some well established resources, eg. (alphabetical) Benyon et al. (1990), Card et al. (1983), Diaper (1989), Helander (1998), Hix & Hartson (1993), Jonassen & Mandl (1990), Liewis & Rieman (1994), Myers (1998), Nielsen (1993), Nielsen (2000a), Preece et al. (1994) and Shneiderman (1998).

What exactly is “learning”? Conceptions of learning were first described in 1979 by Säljö (Säljö, 1979), who interviewed 90 people in Sweden ranging in age from 18 to 70, asking them the basic question “What do you mean by learning?” The analysis of their responses led to five categor​ies of description of learning, as follows:
A: 
increasing one’s knowledge

B:
memorising and reproducing

C:
applying

D:
understanding

E:
seeing something in a different way

In 1982, Säljö claimed that there was a relationship between conceptions of learn​ing and the approach to learning adopted by the students, and this was confirmed in Holland by Van Rossum and Schenk (1984). Then, using a different methodology, Giorgi (1986) also verified the existence of these conceptions of learning. In 1993, a longitudinal study of Open University students in the United Kingdom by Marton, Dall’Alba and Beaty (Marton et al., 1993) again confirmed Säljö’s five conceptions and added a sixth, 

F: learning as “changing as a person”

Traditionally, the contrast between deep versus surface approaches to learning is based on the learner’s intention to understand or lack of such an intention. These two different approaches are expressed through a focus on the text itself, which the learner intends merely to reproduce (in the surface approach) contrasting with a focus on the underlying meaning of the text, which the learner intends to comprehend (in the deep approach). This contrast implies that memorisation, which the learner uses in order to reproduce, is by definition incompatible with understanding. But Kember (1996) cites a number of studies of Asian learners which contain evidence to the contrary. Kember and Gow (1990) identified a “narrow orientation” in students who systematically go through sections of the material to be learned, seeking to under​stand first, and then memorise. Hess and Azuma (1991) found that understanding in Japanese schools is achieved through repetition and memorisation, memorisation being used as a technique to understand. Marton et al. (1993) similarly found mem​orisation used as a strategy to reach or enhance understanding. In terms of chrono​logical relationship between the two processes, this means that two patterns are found: understanding, then memorisation (Kember & Gow, 1990, 1991), memoris​ation, then understanding (Hess & Azuma, 1991) and both (Marton et al., 1993).

What is the relation between understanding and learning? Landbeck & Mugler (1994) argue that students learn with two quite distinct meanings, one to describe the acquisition and storage of knowledge (which they call Learning1 (L1)), a process which does not necessarily imply understanding, and a second which referred to coming to an understanding of the material that had been acquired (which they call Learning2 (L2)). The knowledge of level L1 normally has to be thought about before it can be understood. Once it is understood, then what students themselves call “real” learning has taken place. The progression from L1 to L2 is illustrated by one student’s words: “Well, learning is something that you get into your mind that’s something new to you in the first place, and you keep it there, you get to understand it and then later you come to use it. I mean it’s always there, it doesn’t go away”. (Landbeck & Mugler, 1994)

The variable of learnability is considered in the literature as of paramount importance for ODL environments. There has been much discussion recently about the relationship between the usability of an instructional environment and its learnability, namely the ability of the environment to transfer knowledge. This is a more complicated issue than it seems, since some cognitive aspects must be considered as well, for example the learning styles of the participants (Felder, 1996), individual student characteristics, such as age and cognitive abilities (Georgiadou & Economides, 2000), or content and nature of the instructional material (Poncelet & Proctor, 1993). Some studies (eg. Squires & Preece, 1999; Tselios et al., 2001) argue that there is a very close relationship between the aforementioned notions, while others (eg. Mayes, 1996; Jones et al., 1999) state that the augmented usability of an environment does not affect its learnability or vice versa. Duchastel (2001) prefers to completely separate the two notions in the case of ODL, claiming that the usability of online learning programs can be broken down into two distinct issues: the usability of the site and the learnability of the course content.

Finally, in order to facilitate the usability and the learnability of distance learning environments under construction, there are many guidelines and lists of «how to»’s as well, such as Isaacs (1996), Davies & Tessier (1996), Lynch (2000) and Georgiadou (1998).

In this chapter we assume that usability and learnability are correlated terms and that the usability of the educational environment affects its learnability in a positive way. Squires & Preece (1996) emphasise that thinking of learning and usability as independent issues, which tends to be the usual way of considering them, leads to superficial evaluations of educational software. The design of an interface supports certain cycles of interaction which may or may not support the intended learning tasks. Especially for ODL environments, there are some other aspects that contribute to this conclusion as well, such as the time variable or the presence of novice users. Tselios et al. (2001) report a study where students were under time pressure: “under time pressure the students involved had to understand the questions, reflect upon them, select the most appropriate question, thus performing demanding cognitive tasks, the subtle usability differences of the two environments (under evaluation) played a significant role and thus had an impact on the effectiveness of the testing process. Additionally, the fact that the students were novice users of the software modules under evaluation have increased the importance of software usability in this particular context of use. The usability in our study was related to the quality of the software and in particular to efficiency in interaction, consistency, support in case of error, freedom in navigation, use of familiar to the user concepts. These are important issues in any educational context, since they permit the educational software to become transparent and not interfere with the learning process”.
Learning is a process (Duchastel, 2001) and so is instruction in the sense of manipulating the situation so as to facilitate learning. So a usable site adds to this direction, not only by becoming «transparent» to the user allowing him to concentrate on his goal (Preece et al., 1994; Shneiderman, 1998; Karoulis, 2001), but also by becoming «intuitive» supporting thus exploration and experimentation, two important features for every instructional environment (Jonassen, 1992; Ross & Morrison, 1989; Laurillard, 1987). When the synergy between usability and learnability occurs, the use of the software can be thought of as “integrated”, in that a seamless union develops between the use of the software and the learning process (Squires & Preece, 1996).

THE EDUCATIONAL EVALUATION

As theories of learning have developed and educationalists have gained more experience in using computer-based technology, there has been a shift of emphasis from the behaviourist paradigm, through the weak artificial intelligence approach, as described by Atkins (1993), to a constructivist view. For most educationalists, constructivism offers far more scope for realising possible learning benefits of using information and communication technology. In fact Reeves (1994) refers to the claim by Gagné & Glaser (1987) that virtually all self-respecting instructional design theorists now claim to be cognitivists (Squires & Preece, 1999).

6. Many writers have expressed their hope that constructivism will lead to better educational software and better learning (e.g. Brown et al., 1989; Papert 1993; Jonassen, 1994). They stress the need for open-ended exploratory authentic learning environments in which learners can develop personally meaningful and transferable knowledge and understanding. The lead provided by these writers has resulted in the proposition of guidelines and criteria for 

· the development of constructivist software (e.g. Rieber, 1992; Cunningham et al.,1993; Honebein et al., 1993; Driscoll, 1994; Grabinger & Dunlap, 1995; Savery & Duffy, 1995; Duffy & Cunningham,1996; Grabinger, 1996; Squires, 1996; Hannafin & Land, 1997; Grabinger et al., 1997) and 

· the identification of new pedagogies (e.g. Guest, 1990; Hill, 1990; Edwards, 1990; Davis, 1990; Laurillard, 1992; Watson, 1992).

A recurrent theme of these guidelines, software developments and suggestions for use is that learning should be authentic, on a cognitive and contextual level. A tenet of constructivism is that learning is a personal, idiosyncratic process, characterised by individuals developing knowledge and understanding by forming and refining concepts (Piaget, 1952), which finally leads to the five main socio-constructive learning criteria (Squires & Preece, 1999) that must be met in order to characterize an educaqtional piece as socio-constructiv: credibility, complexity, ownership, collaboration and curriculum. We shall comment on them later.

There is also a plethora of evaluation approaches on the web; one just needs to tap the word «evaluation» in a search engine to get some hundreds of relative pages. For this reason we don’t point out any here, but encourage the reader to get his own experience. Not all of them are scientifically well supported, however the majority are questionnaire based evaluations that imply the existence of some heuristics, such as «aesthetically good looking» or «fast downloadable».

Most of these approaches attempt to assess the site in general, namely to make a holistic approach which would satisfy every evaluation need. One such list of questions could become very long. For example, the list of the Hellenic Open University to evaluate a distance learning program of the second generation (not web-based) consists of 18 main axis, every axis consisting of more criteria, which evaluate almost every aspect of the environment. The basic form of this list is as follows:

· Materialization grade of the program’s goals

· Accesibility and participation

· Effectiveness of the used instructional methods

· Support of the instruction

· Graduating and abandonment of the studies

· Satisfaction of personal and social aims

· Quality of instructional program

· Students’ performance

· Equal instructional opportunities

· Attitudes of the students and the instructional staff

· Demographic characteristics of the students and the applicants

· Professional placement of the graduates

· Use of new technologies

· Effectiveness / cost factor

· Instructional material

· Instructional and administrative personel

· Instructional programs

· Interaction between instructor and learner 

Georgiadou & Economides (2000) argue that the information contained within a piece of educational software is the first parameter that should be evaluated. This evaluation usually occurs according to the criteria of Netskills (2000) and NCDPI (2000):

· Validity and authority: reliable content, reputable authors, publishers and origin of information

· Accuracy: current end error-free information, bias-free viewpoints and images, correct use of grammar.

· Appropriateness: concepts and vocabulary relevant to learners’ abilities, information relevant to age group curriculum, interaction compatible with the physical and intellectual maturity of intended audience

· Scope and coverage: information of sufficient scope and depth, logical progression on topics, variety of activities, with options for increasing complexity.

Moving on, according to Nielsen (1990), the overall acceptability of a computer-based system is a combination of its social and practical acceptability. The term social acceptability is related to the social basis of an educational system. In cases when the basis is teacher-centred, then the software that provides high levels of learner control is possibly socially unacceptable and vice versa. Given that a piece of educational software is socially acceptable, its practical acceptability should be examined through the evaluation of the following sectors: content, presentation and organisation of the content, technical support and update processes and finally, the evaluation of learning. All sectors are equally important, as educational software has to be simultaneously pedagogically and technically sound. Moreover, each sector includes a number of criteria, which should be met at a satisfactory level, in order to characterise a piece of educational software of high quality. Furthermore, cost-effectiveness should always be examined when similar products seem to have the same educational value. 

The figure that describes this model is proposed by Georgiadou & Economides (2000):
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Figure 5: An Evaluation Framework

In the field of the applied evaluation approaches for educational software, Bates (1981) describes some experimental evaluation methods, however, the environment of these approaches is artificial, so it does not provide enough information on its real use with users (Gunn, 1995), while Tergan (1998) provides some checklists to evaluate educational software, an approach that is broadly used. Yet, the ability of checklists to predict educational issues in all but a naive and superficial way has been questioned by several researchers, e.g. McDougall & Squires (1995). They argue the checklists to be seriously flawed in principle because they do not encompass a consideration of learning issues, and more particularly they fail to take account of the widely accepted view of learning as a socio-constructivist activity, as already stated. They cite a number of authors who identify problems which evaluators have found with the use of checklists as predictive evaluation tools to select educational software:

• it is difficult to indicate relative weightings for questions (Winship, 1988)

• selection amongst educational software of the same type emphasises similarities rather than differences (Squires &McDougall, 1994)

• the focus is on technical rather than educational issues (Office of Technology Assessment, 1988)

• it is not possible to cope with the evaluation of innovative software (Heller, 1991)

• it is not possible to allow for different teaching strategies (Winship, 1988)

• off-computer, teacher generated uses are not considered (Squires & McDougall, 1994)

• evaluation in different subject areas requires different sets of selection criteria (Komoski, 1987)

Checklists of questions which attempt to deal with both learning and usability issues date back to the early days of educational software use (e.g. Heck et al., 1983). They are still popular (e.g. Rowley,1993), with new lists appearing for current software environments such as CD-ROM based applications and hypertext software (Tolhurst, 1992). 

The evaluation methodologies applied in the field usually utilise questionnaires in the classroom, however most questionnaires embody closed type questions, so they lack the oportunity to clarify some other aspects that could be of interest, have an impact on the environment and on the involvement of the software on learning. Moreover, closed type questions do not take into consideration the individual differences of the students in learning (Marton & Säljö, 1976). In general, quantitative approaches to evaluate an educational environment have been strongly debated as monosemantic approaches that must be supplemented by qualitative ones, which focus on how and what the student learns. An interesting approach is here phenomenography. The phenomenographic research method, pioneered by (Marton & Säljö, 1976) and presented in detail in Marton (1981) and Marton (1988) is a qualitative method in which the researcher, through a semi-structured interview, seeks to understand the experience of learning by viewing it through the eyes of the learner (Mugler & Landbeck, 2000). Below we present some of the questions Mugler & Landbeck set to their students during their study. However, they are representative in order to understand the framework of this approach:

· What are you aiming to do with your studies?

· What is it like to study by Distance Learning?

· How do you study?

· How do you read? Any special way? As you read, what are you trying to do?

· Do you make notes? What kind of notes, why those kind, what are you going to do with them?

· How do you prepare for the final exam?

· What help do you get with your studies, eg. visits from teaching staff, local tutors?

· What about fellow students, are you able to meet with them? If so, what would you do when you meet?

It is obvious that the phenomenographic method puts “hands on nails”, as the questions focus on:

1. What exactly means the point under consideration? and

2. Why?

Especially the second question is the one that elicits the reasoning for any issue and can provide useful qualitative results. 

The phenomenographic approach can uncover many social-relevant problems during the evaluation, which expert-based approaches cannot, and it can also propose solutions. A good starting point for phenomenography is http://www.ped.gu.se/biorn/phgraph/home
However, there is no evidence about the application of the phenomenographic approach to evaluate the usability of an environment, moreover the combination of its usability and learnability. Secondly, pure qualitative approaches are not within the scope of this chapter, as it could become extremely long. We focus here on the approach to assess ODL environments with expert-based methodologies, which may neglect some social aspects and personal characteristics of the participating entities, yet they provide other significant advantages, which we are going to present later on.

Other studies in the research field of the evaluation of a distance learning environment are the studies of Holmberg (1977), Saba & Shearer (1994), Garrison (1993b), however none of them deals absolutely in the field of evaluation of web-based environments, as it is in the case of Makrakis et al. (1998) and Koutoumanos et al. (1996). A questionnaire based tool has also been produced as a collaboration of seven European Universities; it is called EONT (Experiment in Open and Distance Learning using New Technologies) and is described in detail in Papaspyrou et al. (1996). These are all user-based evaluation approaches, since they utilise more or less questionnaires that have to be answered by users. 

It is easy to elicit from the aforementioned studies that there are controversial claims about what must be mainly evaluated or what has greater impact on the overall performance. In addition to this, there are certain known difficulties in the evaluation of educational environments in general, such as the difficulty to anticipate the instructional path every student will follow during the use of the software (Kordaki et al., 2000), or the fact that such environments usually expand as they are used by the students (Hoyles, 1993). Nevertheless, in general, it is acclaimed to study the usability of an educational piece in relation to its educational value (Squires & Preece, 1999; Kordaki et al., 2000). 

In this chapter we do not concern ourselves with the full spectrum of evaluations that must be performed. We rather focus on the usability aspects of the environment, so we are concerned mostly with the interface of the environment in a way that it is supporting the aforementioned communication channel and through it materializing transfer of knowledge, namely the learnability of the environment.

USER INTERFACE EVALUATION

What exactly is «interface evaluation»? Interface evaluation of a software system is a procedure intended to identify and propose solutions for usability problems caused by the specific software design. The term “evaluation” generally refers to the process of “gathering data about the usability of a design or product by a specified group of users for a particular activity within a specified environment or work context'” (Preece et al.,1994, p.602). The main goal of an interface evaluation is, as already stated, to discover usability problems. A usability problem may be defined as “anything that inteferes with user’s ability to efficiently and effectively complete tasks” (Karat et al., 1992). Evaluation of user interface design is of special importance in the overall software evaluation plan, for two major reasons: Firstly because it concerns exactly that part of the software product which enables users to communicate their instructions to the machine. Evaluation should verify that the interface design delivers a friendly, intuitive and transparent yet powerful environment to end-users for the accomplishment of their goals, which in our case is the acquisition of knowledge through the interaction with the instructional environment, which in its turn supports our claim that usability affects learnability. Secondly, because evaluation of the user interface should be carried out at the right time; early enough to offer designers the chance of getting valuable feedback about their design ideas and possibly proceed to interface redesign, while all important interface characteristics have been designed and are included for evaluation. 

We distinguish two major evaluation categories: formative and summative evaluation (Scriven, 1976). The former is conducted during the design and construction phase, while the latter is conducted after the product has reached the end user. The results and conclusions of the former are used mainly for bug-fixing and improving the characteristics of the interface (detecting problems and shortcomings), while the results and conclusions of the latter are used to improve the interface as a whole and meet more user needs in a following upgrade. In more detail:

1. During the formative phase, data is collected that enables designers to improve the programme/courseware/software, to ensure it achieves its full potential. The formative phase is intensive, with small numbers of users or testers or evaluators (depending on the chosen evaluation method), usually working in pairs or small groups, with frequent reports to the design team - an iterative design-test-redesign procedure, focusing on the materials design.

2. The summative phase tests the success of the programme, investigating the contextual conditions that achieve best results, and providing costing models of usage. The summative phase is extensive over time and place, large scale, with occasional reports, focusing on the implementation of the materials.

Going one step further we distinguish four main evaluation methods (Benyon et al, 1990):

Analytic evaluation. It uses a formal or semi-formal description of the interface in order to predict users’ performance in terms of the physical and cognitive operations that must be performed.

Expert evaluation. Experts are asked to judge the system and identify the potential usability problems, taking the role of less experienced users.

Empirical evaluation. Its purpose is to collect data on the user’s behaviour while using a system (observational evaluation), or involving the use of interviews or questionnaires with the purpose of eliciting users’ subjective opinions and understanding of the interface (survey evaluation).

Experimental evaluation. The evaluator can manipulate a number of factors associated with the interface design and study their effects on various aspects of users’ performance.

The choice of a particular method depends on the stage of development of the interface, the extent and type of users’ involvement, the kind of data expected, external limitations such as time constraints, cost and availability of equipment, and so forth (Aedo et al., 1996)

Independently from the chosen evaluation method, every evaluation consists of three basic phases:

A preparation phase  during which we define the evaluation objective, selecting the appropriate method, selecting the evaluators (experts or users), arranging the questionnaire (if any), setting up the equipment etc.

An evaluation phase where we conduct the evaluation procedure itself and

A result interpretation phase during which the evolved data is elaborated and the results and conclusions are written and discussed.

EXPERT-BASED VS. USER-BASED EVALUATIONS

The most applied methodologies are the expert-based and the empirical (user-based) evaluation. Expert evaluation is a relatively cheap and efficient formative evaluation method applied even on system prototypes or design specifications up to the almost ready-to-ship product. The main idea is to present the tasks supported by the interface to an interdisciplinary group of experts who will take the part of would be users and try to identify possible deficiencies in the interface design.

However, according to Lewis & Rieman (1994) «you can't really tell how good or bad your interface is going to be without getting people to use it». This phrase expresses the broad belief that user-testing is inevitable in order to assess an interface. Why then, don’t we use absolutely empirical evaluations but research other approaches as well? As we may see further on, the efficiency of these methods is strongly diminished by the required resources and by some other disadvantages they provide, while, on the other hand expert-based approaches have meanwhile matured enough to provide a good alternative. 

The first main disadvantage of the empirical studies is the personal bias of the subjects. It's important to understand that test users can't tell you everything you might like to know, and that some of what they will tell you is useless. This is not done on purpose; for different reasons users often can not give any reasonable explanation for what happened, or why they acted in a certain way. Psychologists have done some interesting studies on these points.

Maier (1931) had people try to solve the problem of tying together two strings that hung down from the ceiling too far apart to be grabbed at the same time. One solution was to tie some kind of weight to one of the strings, set it swinging, grab the other string, and then wait for the swinging string to come close enough to reach. It's a hard problem, and few people came up with this or any other solution. Sometimes, when people were working, Maier would "accidentally" brush against one of the strings and set it in motion. The data showed that when he did this, people were much more likely to find the solution. The point of interest for us is, what did these people say when Maier asked them how they solved the problem? They did NOT say, "When you brushed against the string that gave me the idea of making the string swing and solving the problem that way," even though Maier knew that's what really happened. So they could not and did not tell him what feature of the situation really helped them solve the problem. 

Lewis & Rieman (1994) give the three prerequisites for an empirical evaluation:

· People, if possible real users in real circumstances

· Some tasks for them to perform, and 

· Some version of the system to work with 

At this point we already have another obstacle regarding the empirical approaches: All these prerequisites are required simultaneously.

On the other hand, according to Reeves (1993), expert-based evaluations are perhaps the most applied evaluation strategy. Why this? Because they provide a crucial advantage which makes them more affordable compared to the empirical ones: it is in general easier and cheaper to find out experts eager to perform the evaluation than users. The main idea is that experts from different cognitive domains, anyway at least one from the domain of HCI and at least one from the cognitive domain under evaluation, are asked to judge the interface, everyone from his own point of view. It is important that they are all experienced, so they can see the interface through the eyes of the user and reveal problems and deficiencies of the interface. One strong advantage of the methods is that they can be applied very early in the design cycle, even on paper mock-ups. The expert’s expertise allows him to understand the functionality of the system under construction, even if he lacks the whole picture of the product. A first look at the basic characteristics would be sufficient for an expert. On the other hand, user-based evaluations can be applied only after the product has reached a certain level of completion. 

Another important issue about empirical evaluations is to find out representative users, like the ones that will use the system for real. As Lewis & Rieman (1994) emphasize «if you can't get any representative users to be test users, why do you think you'll get them as real users?» So, we mention here the statement of the aforementioned researchers that the first step for a user-centered interface design is that the design team visits the real users in their real environment and writes down the real tasks they’re performing by doing their work. Under the same point of view, user-based evaluation must simulate the real user environment in a real working place (not in the laboratory), with representative users (not available users). This constitutes the second main disadvantage of the empirical evaluations, as it is difficult to find representative users to evaluate the system under real work conditions, which consequently means augmented evaluation costs and more a difficult performance of the evaluation session. Yet, this approach would be the optimal one for third generation ODL environments, supposing one can pinpoint real ODL students, eager to evaluate an environment under construction. Based on our experience we claim that this goal is difficult to achieve, if at all.

On the other hand, expert-based evaluations overcome these limitations by replacing users with experts and providing qualitatively poorer results, however with far lower costs and difficulty in the conduct, namely a much better performance/cost factor. So, we claim that an expert-based evaluation approach of an ODL environment is more likely to evolve in most cases. 

To conclude, we summarize the main advantages and disadvantages of both approaches:


Expert-based evaluation
Usability testing

Pro
· Cheap methods

· Quick 

· Can early be applied in the design cycle

· Easy to prepare and to conduct

· Applicable at all stages

· Can assess the severity of the problem

· Good effectiveness/cost = efficiency factor
· Unveils problems of real users

· Can pinpoint nearly all problems

· Efficient, even in complex interfaces

· Direct description of the problem

· Inavoidable, if one wants valid results

Contra
· Doesn’t unveil all problems

· Needs experienced evaluators

· Difficulty in proposing solutions

· Often loses the picture of the «whole»

· Evaluators often forget or can’t play at all the role of the user

· HCI experts and domain experts are indispensable
· Expensive and difficult to materialize

· Needs representative users

· Difficulty to find the subjects

· Users tend to be in confusion about the severity of the problems

· Subjects can be biased

· Can be applied after a certain level of completion

In this chapter we concentrate on expert-based evaluations. One of the most popular and theoretically well-defined approaches is the heuristic evaluation, which we are going to describe below.

THE HEURISTIC EVALUATION

Maybe the most frequently encountered evaluation method, of any entity, is the provision of a list of criteria relative to this entity followed by questioning in order to express peoples’ opinion. These people can be users or experts in the particular domain. So we distinguish, as already explained, between user based evaluations, known as “empirical evaluations” and expert based evaluations. However, at this point we have to make some clarifications about the notion of the user. Referring to the web we consider de facto that all involved persons are at the same time users, even if they deal with it as evaluators. “Real” user based evaluations assume that the users use the entity under consideration under conditions as realistic as possible, while, simultaneously, observations are collected about the evaluation procedure. However, as already mentioned, in the evaluation case under consideration there are some criteria set, which have to be followed during the evaluation. In the web evaluation approach, where every evaluator performs on his/her own, these are sometimes assessed without real use of the entity, but the user or the evaluator usually utilizes the conceptual model, as described by Norman (1988) for the entity and the way it performs, simulates its performance in his mind and concludes for every criterion. Alternatively he may use the entity, not to produce real work, but in order to assess the application of the criteria. So we can argue that in any case it is about an expert based evaluation approach, even if users are involved, as long as they are concerned about answering according to  the set criteria.

What can we evaluate in this way? Makrakis (1999) says everything has to do with:

· The design

· The organization

· The function 

· The result of the entity under consideration

To evaluate the above he assumes as nessesary:

· Defining the evaluation axis. They are the general questions set to be answered through the evaluation. They emerge 

1) from what we need to have evaluated and

2) what the evaluation method allows us. 

These axis are the basic principles of the theoretical framework of the evaluation. 

· Defining detailed criteria. They are the concrete questions, usually measurable variables (so they are components of the methodological framework) to asssess the axis. 

However, a number of problems arise from this approach.

1. It provides all the disadvantages of the expert-based evaluations (Karat et al., 1992; Nielsen, 1993b; Karoulis et al., 2000).

2. The axes and criteria list may become very long (Lewis & Rieman, 1994; Nielsen, 1993b). For example, the full interface usability criteria list suggested by Smith & Mosier (1986) includes 944 criteria.

3. The evaluators' expertise plays a major role. (Lewis & Rieman, 1994; Nielsen, 1993). We discuss this issue in detail later.

To handle these problems Jacob Nielsen and Rolf Molich started their research in 1988 and in 1990 they presented the “heuristic evaluation” (Nielsen & Molich, 1990). The basic point was the reduction of the set criteria to just a few, at the same time being broadly applicable and generally agreed; simultaneously augmenting the evaluators' expertise, and consequently their reliability. These “heuristic rules” or “heuristics” derived from studies, criteria lists, on field observations and prior experience of the domain.

The core point to evaluate in the initial approach is the usability of the interface. Based on the ISO principles about usability (ISO, 1998), Nielsen (1994) stated following heuristics, slightly modified and reorganized by us:

1. Simple and natural dialog and aesthetic and minimalistic design. Dialogs 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.

2. Visibility of the system status – provide feedback: The system should always keep users informed about what is going on , through appropriate feedback within reasonable time 

3. Speak the users' language: match between system and real world. The system should speak the user's 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. 

4. Minimize the users' cognitive load: 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.

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

6. Flexibility and efficiency of use – provide shortcuts. Accelerators - unseen by the novice user - may often speed up the interaction for the expert user to such an extent that the system can cater for both inexperienced and experienced users. Allow users to tailor frequent actions

7. Support users' 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.

8. Prevent from errors: Even better than good error messages is a careful design which prevents a problem from occurring in the first place.

9. Help users recognize, diagnose and recover from errors with constructive error messages. Error messages should be expressed in plain language (no codes), precisely indicate the problem, and constructively suggest a solution
10. 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.
In the heuristic evaluation we make two assumptions from the beginning (Lewis & Rieman, 1994), which have evolved from the observations of the application of the method:

1. No distinct evaluator can find all the heuristically identifiable usability problems.

2. Different evaluators find different problems.

The appropriate number of evaluators and their expertise are an issue of great importance. Researches up to now (Nielsen & Molich, 1990; Nielsen, 1992; Nielsen, 1993b) have shown that:

1. Simple or novice evaluators. They do not perform very well. We need 15 evaluators to find out 75% of the heuristically identifiable problems. These are problems that heuristic evaluation can point out. As already mentioned and for different reasons, there are problems that are overlooked using this kind of evaluation. The research has shown that 5 of these simple evaluators can pinpoint only 50% of the total problems.

2. HCI experts (regular specialists). They perform significantly better: 3 to 5 of such evaluators can point out 75% of the heuristicaly identifiable problems and among them all major problems of the interface.

3. Double experts (double specialists). These are HCI experts with additional expertise on the subject matter, eg. educators for educational interfaces. The reasearch has shown that 2-3 of them can point out the same percentage as the HCI experts. 

The following figure by Nielsen (1992) summarizes these statements.


It is obvious that there is no great difference between experts and double experts in seeking the involvement of the latter in the evaluation. However, there is a very distinct difference between experts and simple evaluators. As we can see in the figure,  to point out 75% of the heuristically identifiable problems we need 15 simple evaluators, while 3 expert evaluators bring the same result.

The method refers mainly to traditional formative human-computer interface evaluation, yet a number of studies (Nielsen & Norman, 2000; Instone, 1997; Levi & Conrad, 1996) has proven its easy adaptability to the evaluation of web sites as well.

ADAPTATION TO THE WEB

Evaluation in the web differs from the traditional evaluation methodologies in many ways, due to the particularities of the web: every web site is an information space with non-linear structure, so two parameters, the download time and the ease of navigation, are of great importance. In addition to this, the evaluation procedure can be conducted by every evaluator on his/her own, redefining the notion of the “evaluation session” and introducing the notion of the “asynchronous evaluation”, since the evaluators can perform their work from different places and at different time intervals. Finally, as already stated, in the web every evaluator is at the same time a user. Norman (2000) presents, for example, a cognitive walkthrough (Wharton et al., 1992; Lewis et al., 1990; Karoulis et al, 2000) performed in the web, playing the role of the simple user and thus proving the efficiency of this combination. This particular occurance on its own adds the hue of the empirical evaluation to the expert based evaluations in the web as well, augmenting its reliability, since the combination of user based and expert based approaches seems probably to provide the best results (Karat et al., 1992; Kantner & Rosenbaum, 1997; Karoulis & Pombortsis, 2000; Karoulis et al., 2000). The adaptation of the heuristic evaluation in the web has been already studied by some researchers (eg. Instone, 1997; Levi & Conrad, 1996) and the results are in agreement that, in general, it is effective. Other researchers however consider that this issue has not yet been researched enough (Trochim, 1996; Lowe, 1999), and we adopt that opinion too. So we can argue that there are not really established techniques relating to distance-learning environments usability evaluation (Heines, 2000). This is due partly to the fact that distance learning is an area of relatively short history, characterized by rapidly shifting technological context and by inherent idiosyncrasies of the environments under evaluation. For instance, users of distance-learning tools, in contrary to traditional software, can access them through various computer and social contexts, the process of logging their performance and actions presents technical difficulties, the rate of novice users is relatively high, while in general the characteristics of typical users of distance-learning services cannot be easily predicted. New modes of teaching and learning, such as developing and exploring models (eg. Soloway et al., 1996) or by supporting collaboration at a distance via the internet (Ramsay et al., 1996) complicates the field, and makes it more severe for inexperienced students and teachers.

According to (Hayes, 2000) usability evaluation of online course delivery systems should in particular examine the effort required by the user to take ownership of the system’s functionality and should concentrate on ease of use. It should be mentioned here, that other areas of web-based applications and tasks like information and multimedia content distribution and e-commerce applications seem to have similar problems as far as usability evaluation is concerned, according to Nielsen (2000).

The five points of usability (easy to learn, efficient to use, easy to remember, few errors, pleasant to use) have to stand for all kinds of interfaces, but Lowe (1999) gives a more concrete picture, especially for the web, focusing on some more specific demands:

1. Effective underlying navigation structure

2. Mechanisms for supporting ongoing maintenance

3. The extent to which the site achieves the objectives of the client for whom it was developed

4. Compliance to standards and structural integrity

5. Look, feel and “userfriendliness” of the site

6. Consistence across different browsers and platforms

The authors have conducted a study as well (Karoulis & Pombortsis, 2001) where the issue of the adaptation of the method in the web has been studied among other questions, but mainly the question of the augmentation of the evaluators' expertise, which is an interesting issue also for this study and will be discussed later.

What about the evaluation of the learnability of a web based environment? Unfortunately, there is very little evidence on this topic.

Marchionini (1990) argues that the use of hypermedia and the web allows the learners access to vast quantities of information of different types, control over the learning process and interaction with the computer and other learners. A pilot study performed at Cornell University (Fitzelle & Trochim, 1996) had as its primary research question whether the web site enhanced student perceptions of learning. The research findings showed that students thought that the web site significantly enhanced their learning of course content. Student perceptions of performance in the course were also predicted by variables of enjoyment and control of the learning pace.

Every web-based instructional program is a collaborative environment on its own, allowing users to communicate and interact with all participating entities, therefore, in common with current thinking, cognition is “distributed” between users, the environment and learning artefacts, including computers, when learning takes place (Brown et al., 1989; Salomon, 1996). The distribution of cognition leads to learners constructing their own concepts which they use to learn.

Ester (1995), in reviewing literature on computer assisted instruction (CAI) and learning style, found that CAI can significantly improve student achievement and attitudes while decreasing necessary instructional times. A meta-analysis of the effects of CAI on student academic achievement and performance by Khalili and Shashaani (1994) found that in 151 published comparative studies, the use of CAI raised student performance on exams by an average of 0.38 standard deviation. Kulik et al. (1991) in examining a large number of studies found that computer based tutorials produce improvements in learning outcomes on an average of 20 percent greater than average. Simulation, interactive video instruction, hypertext programs, bulletin boards and networks have also all been found to be effective in enhancing learning (Cronin and Cronin, 1992; Khalili and Shashaani, 1994; Kulik, et al, 1986; Schlecter & Kolosh, 1992). So to summarize, there is good research for demonstrating that instructional technology often optimizes learning. However, nagging questions remain, such as what features work best, differentiating effects between subgroups of learners, determining how the content of the information makes a difference and specifying how outcomes may be more systematically evaluated, as well as the question of how one should evaluate the learnability of an on-line learning course.

Educational psychology provides many theoretical principles to apply in the development and evaluation of on-line instructional technology. Milheim and Martin (1991) in studying learner control motivation, attribution and informational processing theory, identify learner control as an important variable in developing the pedagogy of web sites. It is beneficial to generally maximize learner control as it increases relevance of the learning, expectations for success and general satisfaction contributing to heightened motivation (Keller & Knopp, 1987). This research looked specifically at the control of pace by the student as a factor in building on existing theory. A tenet of constructivism is that learners direct their own learning either individually or through collaborative experiences. This implies that learners need to find their own pathways through learning; a philosophy that under-pins hypertext and many web-based instructional systems (Murray, 1997). Email, listservers and web browsers also support this approach by enabling students to search for information and discuss issues with others around the world. So, one can infere that the collaborative and interactive nature of the web supports learning mainly by means of the augmented motivation of the student. It is common that students make wrong assumptions or possess a wrong mental model of the domain they study. Some studies, like Rappin et al., (1997) have showed that students needed a system that would encourage them to examine their assumptions as they worked through problems in their domain. Students also need motivation in cases of educational software, such as simulation environments, which provide students with realistic experience, even in domains where realistic activities are too complex to be performed by novices, too expensive to or too dangerous to allow students to make mistakes. 

Another study, by Sloan (1997), states that the WWW represents a step forward towards the use of resources that are often difficult or impossible to obtain from traditional information sources, and gives seven key areas to consider before using the medium to assist learning, simultaneously or supporting the traditional paradigm:

· Information availability, that is to ensure that there is an adequate range of material available to provide a varied selection for the intended group of students

· Ease of access to that information

· Control of access, which is a problem because the Internet has a lot of inappropriate material which is easily accessible

· Group dynamics, as web-assisted instruction is in most cases collaborative

· Specification, to determine the correct information from the great deal of data one can gather from the Internet

· Appropriateness, that is the material must be of a type that is useful to both, students and teacher

· Teacher input, that is the additional input required to complete the instructional material.

As it is obvious, there is no adequate evidence about the learnability of on-line learning resources. So, our study followed the approach to try to clarify if a heuristic approach would be applicable at all, and what could be the appropriate learnability-heuristic list. However, in order to proceed with this issue, we firstly need to clarify who the appropriate evaluator is to apply these two lists, the usability and the learnability heuristic list.

CREATING EXPERTS

So, our next concern is to investigate if the computer experts, which in general are quantitively more available than ODL experts, can perform well in the evaluation of web-based ODL environments after a short training in the ODL basics. In the case of a negative answer, we discover a serious problem in evaluating such environments with expert based methodologies and either the methods must be improved further, or abandoned and consequently we must rely on the application of other evaluation methods. 

The issue of creating “instant experts” is a complicated one. It is known that it is possible for computer scientists to easily learn the evaluation methodologies and apply them successfully (Nielsen, 1992; Wright and Monk, 1991). However, ODL and computer experts (the “double-experts”) are not yet available in great numbers, so one can't argue that adequate evaluators to conduct the evaluation will easily be found. So, the following question arises; can some computer experts be trained in the fundamentals of ODL and be allowed to play the role of the expert? Let us note at this point that simple users tend to be outside the scope of this study, because of their reported inadequate performance during the evaluation, as already mentioned.

The transistion of the novice to expert with the passing of time has occupied many researchers. It starts mainly from the question of  “how do we define the novice and the expert user”. Demetriades (2000) argues that it is not about a quantitative differentiated accumulation of knowledge between two different human categories. What differentiates novice from experts is basically the different representations they possess for the entity, and, consequently, for the problems they are supposed to solve. Indeed, a series of studies (Larkin, 1983; Chi et al., 1981) show that the mental representations of the novice are strictly restricted to the surface characteristics of the problem, which is expected, since they are known and familiar. Contrary to the above, experts possess the ability to correlate these surface characteristics to deeper principles, in representations and subtractions of a higher level and proceed to efficient solutions.

Anderson (1995) gives an analytical description of the procedure of the development of the novice to knowledgeable expert for different cognitive domains. But it is Vygotsky (1930/1978) who defined the “zone of proximal development”, thus providing a complete explanation of how, according to him, the augmentation of the knowledge happens. According to Vygotsky, every human finds himself at a particular level of development, where he can solve a set of problems using his own abilities. However, there is a superset of problems the person could solve as well with the aid of more competent agents, such as his books or his teachers. This almost mathematical difference between the “level of real development” to the “level of possible development” builds, according to Vygotsky, the “zone of proximal development”. That is to say that this zone consists of functions and skills not yet developed, but ready to emerge or they just have entered the state of maturity. These abilities can be developed, in a slower manner on their own as well, while the experience of the person is augmented by dealing with the problems under consideration. In our particular case, while the user occupies himself with the particular system, he gains experience, which in its turn is the crossing of the “zone of proximal development” by Vygotsky. Obviously, this zone doesn't cease to exist, but it is translocated further. 

So our question refers in particular to how far a short training phase can help the evaluators to cross this zone towards the application of the proposed evaluation methodology in a feasible time.

The main point here is that in our case it is not about “novices”, but about experts in one domain with little or no expertise in the second of the “twin” domains they are asked to evaluate, the HCI and heuristic methodology on one hand and the ODL principles on the other. This problem is a direct result of the individual nature of the educational environments, provided through the web, which demand, as already stated, double experts: computer experts and educational experts.

THE HEURISTIC LIST QUESTION


At this point we confront the main question of this chapter, which can be expressed in a very simple way: “Which are the appropriate heuristics to evaluate a web-based ODL environment?” To answer this question, we must deconstruct it, and discuss firstly the constituting questions: assuming that the interface-heuristic list is known, to define the appropriate web-heuristic list, to define the appropriate learnability-heuristic list, and to conclude about the appropriate web-adapted ODL list. Let us elaborate these issues in detail.

The initial interface heuristics by Nielsen have been adapted and commented by Instone (2000) for their application in web-based heuristic evaluations, as follows:
1. Visibility of system status. The system should always keep users informed about what is going on, through appropriate feedback within reasonable time. Probably the two most important things that users need to know at a site are “Where am I?” and “Where can I go next?” 

2. 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. On the Web, you have to be aware that users will probably be coming from diverse backgrounds, so figuring out their "language" can be a challenge. 

3. 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 dialog. Support undo and redo. Many of the "emergency exits" are provided by the browser, but there is still plenty of room on your site to support user control and freedom. Or, there are many ways authors can take away user control that is built into the Web. A "home" button on every page is a simple way to let users feel in control of your site. 

4. Consistency and standards. Users should not have to wonder whether different words, situations, or actions mean the same thing. Follow platform conventions. Within your site, use wording in your content and buttons consistently. Check the titles and headers for your pages against the links that point to them. "Platform conventions" on the Web means realizing your site is not an island. Users will be jumping onto (and off of) your site from others, so you need to fit in with the rest of the Web to some degree. And "standards" on the Web means following HTML and other specifications. 

5. Error prevention. Even better than good error messages is a careful design which prevents a problem from occurring in the first place. Because of the limitations of HTML forms, inputting information on the Web is a common source of errors for users.

6. 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. For the Web, this heuristic is closely related to system status. If users can recognize where they are by looking at the current page, without having to recall their path from the home page, they are less likely to get lost. Good labels and descriptive links are also crucial for recognition. 

7. 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. 

8. 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. Put the more general information higher up in your hierarchy and let users drill down deeper if they want the details. Make sure your content is written for the Web and not just a repackaged brochure. Break information into chunks and use links to connect the relevant chunks so that you can support different uses of your content. 
9. 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. Errors will happen, despite all your efforts to prevent them. Every error message should offer a solution (or a link to a solution) on the error page. 

For example, if a user's search yields no hits, do not just tell him to broaden his search. Provide him with a link that will broaden his search for him. 
10. 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. For the Web, the key is to not just put up some help pages, but to integrate the documentation into your site. There should be links from your main sections into specific help and vice versa. Help could even be fully integrated into each page so that users never feel like assistance is too far away.

Our approach here is simple: To proceed towards a heuristic evaluation of ODL environments, one needs to unfold this list, to analyze and specialize again the heuristics into certain criteria, then combine them with the established ODL criteria and the learnability heuristics, and, finally, to enfold the evolved list again in a combined ODL-heuristic list. 

Let’s undertake the first medial step. A study conducted by us (Karoulis & Pombortsis, 2001) produced a modified web-heuristic list. We argue this list to be more web-centric and more user-centric. Let us mention at this stage that in the assembling of this list we mainly took into consideration the results of our study and the evaluators’ comments. However, all the aforementioned issues, such as the heuristics of Nielsen (2000a) and Instone (2000), as well as the prososals of Lowe (1999), which have been mentioned earlier, still remain as the underlying structure. Finally we also took into consideration the work of Togniazzini (2000), who proposes criteria (heuristics), not for the evaluation process itself, but for the design of web-sites, which are very close to the results of this study. 

Below we present the list. Its structure is slightly different than usual: it consists of axis, which contain criteria as follows:

Axis 1: Visible system status and in correspondence to what the user expects.

Criterion 1.1.: Navigation. Is it obvious where I am and where I can go next?

Criterion 1.2.: Are all the icons and/or navigation possibilities visible and is it clear where they lead?

Criterion 1.3.: Are all semantics clear and all functional graphics (this doesn't include decorative graphics) clear as to what they do? Are the used “metaphors” of the icons and the graphics clear as to what they mean?

Criterion 1.4.: Is consistent language used, are international standards respected, is there a unique and consistent way of presenting the information?

Axis 2: Flexibility of use and structural integrity

Criterion 2.1.: Are there the necessary “accelerators” available? For example can all pages be bookmarked with correct titles,? 

Criterion 2.2.:  Has the site been debugged? Are there any empty areas or dangling and dead links? Is the encoding right?

Criterion 2.3.: Does the site follow the conventions of the web, eg. colour of hyperlinks, presentational structure etc.? 

Criterion 2.4.: Does the site support its exploration? Is there a site map, search function etc.?

Criterion 2.5.: Can the user easily remember the stucture, the functional and navigational mode at his/her next visit to the site?

Axis 3: Efficiency of use.

Criterion 3.1.: Are the technologies wisely used? That is to say, does the site use the exact technologies the user awaits to see? Are these technologies acceptable for all user configurations that will visit the site? 

Criterion 3.2.: Are the response times of the site in line with what the user expects? This means, have the designers taken into consideration the different users’ speeds?

Criterion 3.3.: Does the site adhere to the independent philosophy of the web? Therefore, can every user with any equipment and any browser perform the tasks he aims to perform in the site? 

Criterion 3.4.: Does the site provide direct access to the most common tasks one can perform in the site, or does the user have to cope with dialogs and choices? 

Axis 4: User control, user-centered design and interaction

Criterion 4.1.: Can the user completely control all the interactive elements? Is this control taken away from the user at any time?

Criterion 4.2.: Are there the appropriate interaction elements corresponding to the tasks that the user aims to perform in the site? 

Criterion 4.3.: Is the feedback of these interaction elements of the kind the user expects, or do they surprise him/her?

Criterion 4.4.: Does the site support all the tasks the common user of the particular site aims to perform? 

Criterion 4.5.: Can the user perform the tasks of his/her interest with minimal cognitive load? This means, does the system facilitate him/her, or does he/she have to find out the way by him/herself?

Axis 5: Content and presentation 

Criterion 5.1.: Is there the right amount of information in the site (not insufficient or excessive)? If vast amounts of information must be included (eg. older files and/or records) is it structured in levels? 

Criterion 5.2.: Is there the right quality of information in the site (valid, clear, apropos) that the user aims to find? 

Criterion 5.3.: Does the site give the impression of having been constructed and then left on its own, or is it regulary maintained? Is there any outdated information?

Criterion 5.4.: Is the information presented in a web-centric way, or is it just an adaptation of printed material? 

Criterion 5.5.: Is the information presented graphically acceptable, in accordance with the web-publishing principles, eg. colours, white space management, navigational elements etc.? Easy to read?

Axis 6: Subjective satisfaction, communication and help

Criterion 6.1.: Does the user feel he/she is isolated or left on his/her own? Does he/she have any communication facility, or is the site very impersonal? 

Criterion 6.2.: Is the site, in general, pleasant to use? Encourages exploration? Has the site alterations? Does the user feel the site is under his/her control?

Criterion 6.3.: Is there help, search function, external help, glossary or something else to facilitate the user in performing his/her tasks? 

The approach of building the list in axis containing criteria supports its application in two forms, as it may be obvious. One is the compact form – only the axis – if there is a shortage of resources (time, money etc.) or if we have very experienced evaluators available (double experts). The other one is the analytic form – all the criteria – for a more detailed evaluation of the site. 

THE LEARNABILITY HEURISTIC LIST 

The next step one must perform is the construction of the heuristics for learnability. As already stated, a good starting point provides the socio-constructivist view of instruction. Some studies in the field (eg. Kordaki et al., 2000) argue that an expert evaluator cannot predict the students’ performance, although he can assess heuristicaly the learnability of the environment, however with mediocre results. The authors base their claims on the constructivist approach for open learning environments, also known sometimes as microworlds (Papert, 1980). Their study concludes by presenting a set of learnability heuristics, as follows:

a1   Does the system facilitate the active interaction of the user? 

a2   Is the development of personal problem solving strategies by the learners possible? 

a3   Are tools available, coresponding to the way he learns and to his/her cognitive level? 

a4   Are the available tools of alterable transparency, so that it is possible to express differentiations between students as well as intrinsic differentiations of every student? 

a5   Does the environment afford experimentation with the the acquired knowledge? 

a6  Are there multiple representations and multiple solutions that students can explore? 

a7  Is there adequate system feedback and progress feedback, so that the student can reconsider his/her strategies? 

a8  Is there the possibility for the student to assess his/her activities on his/her own? 
The authors claim that the usability heuristics do not contradict with the above stated learnability heuristics, which derive directly from the basic principles of ODL. To make the comparison we present Nielsen’s heuristics again, in a concise form:

h1   Simple and natural dialog and aesthetic and minimalistic design. 

h2   Visibility of the system status – provide feedback

h3   Speak the users' language: match between system and real world. 

h4   Minimize the users' cognitive load: recognition rather than recall. 

h5   Consistency and standards

h6   Flexibility and efficiency of use – provide shortcuts. 

h7  Support users' control and freedom: clearly marked exits, support undo and redo. 

h8  Prevent from errors

h9  Help users recognize, diagnose and recover from errors with constructive error messages.

h10 Help and documentation

There is an overlapping of some of them, however the locus is in every case different. For example heuristics (a7) and (h2) demand feedback, yet (h2) asks for interface feedback, while (a7) asks for cognive feedback. Likewise (a1) and (h3 & h4) seek for adaptation to the user’s level, yet from a different view, as it is in the case of (a1) and (h7), which demand user’s control over the procedure, (a1) demanding educational control, while (h7) asks the system to give up control to the user. The rest of the heuristics are independent. This observation about the successful combination of the two sets of heuristic gives a strong argument towards the application of the heuristic approach in the evaluation of ODL environments by utilizing the combined list. 

Squires and Preece (1999) proceed one step further: they do not make a combination, but a fusion of the Nielsen’s heuristics with the five socio-constructivist learning criteria (credibility, complexity, ownership, collaboration and curriculum) providing thus a new list, which they claim to be a versatile tool to predictively evaluate educational pieces by their usability and simultaneous learnability. They install this approach advocating that the underlying socio-constructivist theory of nearly every contemporary educational environment is to a high degree compatible to the stated Nielsen-heuristics. Their claim is based on following structure:
1. Credibility. 

1.1. The designer’s mental model must be in accordance to the learner’s one

1.2. Cosmetic authenticity and correct interpretations. The graphical representations must match the real world; graphics must be used in a correct manner.

1.3. Self-directed learning must be ensured

1.4. Consistent terminology

1.5. Correctness of the underlying model (eg in simulation cases)

1.6. Representational forms, the interface should place a low cognitive demand on the learner

1.7. Multiple views / representations. Different forms of media can be used both independently and in combinations to offer different perspectives; in fact this is a defining rationale for educational multimedia. In addition software can be designed to support different strategies of learning, e.g. serialist and holistic learners (Pask, 1976).

1.8. Interaction flow. Users appreciate a smooth flow of interaction with an application. 

2. Complexity. Grabinger & Dunlap (1995) emphasise that learners should be presented with authentic, even complex environments, which are representative of interesting and motivating tasks, rather than contrived sterile problems. Learners may need help in coping with complexity. Strategies to help learners include scaffolding (Soloway et al., 1996), anchoring (Cognition and Technology Group at Vanderbilt, 1992) and problem based environments (Tobin & Dawson, 1992; Grabinger et al., 1997).

2.1. Navigation. Learning environments need to be navigable.

2.2. Representations of real world. 

2.3. Symbolic representation. The use of interface artefacts such as icons, symbols and widgets should assist learners cope with complexity.

2.4. Peripheral cognitive errors. In constructivist terms learners need to make and remedy cognitive errors as they learn. So, cognitive errors should be relevant to the major learning issues.

2.5. Superficial complexity. In superficially complex environments there will be a heavy cognitive load imposed by navigating the interface.

2.6. Pedagogical techniques. Learners’ support materials. 

3. Ownership of ideas. A sense of ownership should be a prominent feature of learning. Learners need to be encouraged to take responsibility for learning. Strategies for encouraging metacognition and intentional learning are relevant here (Scardamalia et al., 1989).

3.1. Tailoring the interface. 

3.2. Learner control and freedom. The notion of learner control is well established in educational computing literature (e.g. Wellington, 1985; Chandler, 1984; McDougall & Squires, 1986; Blease, 1988; Goforth, 1994). 

3.3. Metacognition. Metacognition, in which learners reflect on their own cognition to improve their learning, has been advocated by a number of writers, e.g. Scardamalia et al.(1989) and Papert (1980). 

4. Collaboration. Collaboration is a central tenet of socio-constructivism, which is supported by computer networks. However, collaboration is a relatively new concept in education.

4.1. Shared responsibility among the participants

4.2. Consistent protocols for the communication of knowledge

5. Curriculum.

5.1. Subject content. The knowledge base of an educational application needs to correspond to some extent to the curriculum in question.

5.2. Teacher customisation. Teachers will often feel the need to adapt software to the specific needs of their students or to match particular curriculum requirements.

Let us note here again that this is more or less an overlapping of the constructivist view of learning with the usability heuristics; the list is not yet validated, nor completed, though it provides a good starting point. Nevertheless, the authors conclude with a list of “learning heuristics”, as follows:

1. Match between designers’ and learners’ mental models.

2. Ensure navigational fidelity.

3. Provide appropriate levels of learner control.

4. Prevent peripheral cognitive errors.

5. Understandable and meaningful symbolic representation.

6. Support personally significant approaches to learning.

7. Build strategies for the cognitive error recognition, diagnosis and recovery cycle.

8. Match with the curriculum.

The on-field validation of the list they propose could result in a powerful evaluation tool. Nevertheless, we think that, in the current research context on the field, a fusion of usability and learnability in a learning environment presents a rather overstated simplification and a fairly diminished evaluation framework, arguing thus to utilize a slightly longer list, yet more lucid and compatible to contemporary needs. We shall present this list later.

THE CRITERIA LIST FOR ODL ENVIRONMENTS

We conducted another study (Karoulis & Pombortsis, 2001b) following a different approach to investigate the application of the heuristic evaluation in ODL environments. As a reference for the criteria list we used the proposal of the Greek Open University (HOU, 1998), according to Open and Distance Learning criteria, asuming that they were in accordance with the constructivist point of view, already presented. This list has been used for the evaluation of ODL environments of the second generation, so we wanted to examine its applicability in web-based ones. We procceded to a reorganisation of the axis and criteria, so a new list emerged, consisting of 80 categorised criteria, which we used throughout our evaluation. This modified list is as follows:

I. The quality of the educational material

1. Form of the educational material. Assess in general:

 
1.1. Appropriateness


1.2. Validity


1.3. Precision


1.4. Objectivity (not biased)

1.5. Is it up to date?


1.6. Coverage

1.7. Language and style

2. Adaptation of the educational material 

2.1. Targets, keywords and expected results 

2.2. Overall view of the core points at the end 

2.3. Small and concise units (general impression)

2.4. Self-assessment with exercises and projects (general impression)

2.5. Support for students (general impression)

2.6. Explanation of important and difficult points (“explanation frames”)

2.7. Adequate supply of examples and/or case studies

2.8. Visible structure of the whole material 

2.9. “Parallel material” 

2.10. Bibliographic references, list of relevant sites, etc. 

II. The interface

3. Readable and comprehensive screens 

4. Appropriate screen design and proper usage of whitespace

5. The quality of the used multimedia elements

5.1. Images (quantity, quality, speed)

5.2. Sound (quantity, quality, speed)

5.3. Video (quantity, quality, speed)

5.4. Animation (quantity, quality, speed) 

6. Adaptation of the working environment to the user’s preference

7. Extended interface (help, user support etc)

III. Interactivity with the educational environment

8. Control over the educational environment (general impression)

9. Interactivity with the educational material 

9.1. Continuous interaction and sense of control

9.2. Accurate and prompt feedback 

9.3. Navigation at one's own will

9.4. Adaptation possibility 

9.5. The interaction with the educational material in general 

10.  Guides and encourages the student

11. Subjective satisfaction 

IV. Communication channel

12. General impression regarding communication with the others 

13. Are there any “tutorial sessions”?

14. Is there a tutor? 

15. How accesible is he?

16. What is the form of the synchronous communication channel?

17. What is the form of the asynchronous communication channel?

18. To what extent is the support of the student assessed? 

19. Is “metacognition” afforded through the communication channel?

20. Are the new technologies utilised for the support of the communication channel? 

21. Does the communication channel contribute to the elimination of the phenomena of isolation and inactivity;

22. To what degree do you finally assess the phenomena of isolation and inactivity;

V. Use of new technologies

23. Usage of the computers' potential or simple quoting of material? 

24. Proper use and balance of the used multimedia elements 

25. Proper communication of the chapters and proper hyperlinking. 

26. Are there external hyperlinks to support resources? 

27. Does the technology help with the assessment and self-assessment? 

VI. Assessment and self-assessment

28. Are there self-assessment exercises, which are answered immediately? 

29. Are there activities for further research?

30. Are there exercises which are submitted to the tutor?

31. Are there summarizing exercises?

32. Is there a kind of “control list”?

33. Are there examinations? Do you consider their format to be correct? 

34. Do you estimate the general structure of the assessment to be reliable? 

VII. Special criteria for the characterization as “Open”

Participation to the program

35. Independency from personal data 

36. Are «specific qualifications» asked for or other prerequisites? 

37. Accessable to everybody (who expresses interest)? 

38. Can everybody manage the financial side?

39. Are there any other limitations for the participation? 

Content

40. Is the content understandable for everybody and for all ages? 

41. Is any specific knowledge prerequisite?

42. Is curiosity motivated?

43. Is this curiosity maintained? 

44. Forms independent educational cycle?

VIII. Specific criteria for the characterization as «Adult»

45. Is the content revelant to the experiences of the participants? 

46. Expected results relevant to the interests of the participants??

47. Is the instructional environment adaptable?

48. Does it make frequent references to the student’s experience?

49. Is there a balance between theoretical study and applied action? 

50. Are there any other activities? 

51. Are the particular knowledge and capabilities of the students used? 

52. Does the environment support creative and critical thinking? 

IX. Specific criteria for the characterization as “Distance”

53. Does the whole environment provide clear student-centered structure?

54. Does it provide spatial independence?

55. Does it provide time flexibility?

55.1. Small unit size

55.2. Complete and independent units

56. Can the student deal with the environment in more frequent, but shorter intervals?

57. Do you consider the anticipated completion time for the program corresponds to the size of the material? 

This list is presented in a very concise form, as most of the criteria derive directly from the principles of ODL. So, we spare any explanations that could make this chapter very long. Nevertheless, this list is not appropriate for the web, and will be modified, however it is a good starting point. During the study we proposed the use of a Likert scale gradation, where the evaluators could register their estimation. For the clarification of the gradation we find most usable «bipolar semantic expressions» (Shneiderman, 1998), to improve the compehension on the side of the evaluators for every criterion. Below we present an example:

1. Form of the Educational Material. Please, assess in general the:

 
1.1. Appropriateness




Completely inappropriate

            Exactly appropriate




(1)        (2)        (3)        (4)        (5)        (6)        (7) 


1.2. Validity




   Totally unreliable


                Completely valid

(1)        (2)        (3)        (4)        (5)        (6)        (7)

The Likert scale gradation is criticized to be monosemantic. Mathematicians will love it, however sociologists are concerned about the validity of the results it provides. These are known side-effects and are not within the scope of this chapter. We propose its use because of the formative nature of the heuristic approach: it can be iteratively applied during the design cycle and designers need “quick and dirty” results to improve the system in feasible time, so the evaluation approach has to be cost effective. On the other hand, if, for example, one wants to investigate issues specific to students from different cultures or other socially relevant issues, then a more open-ended questioning format should be more appropriate. However, one should be aware that the elaboration of such kind of data is very time consuming, and during a formative evaluation procedure this could sometimes even be unacceptable.

A PROPOSAL FOR A NEW LIST 

We are now at the next step of our approach, the reconstruction of this list into a smaller number of axis and criteria, however more web-adapted. Here, we have to confront the following problem: if one takes into consideration all the extended and detailed criteria in the lists already presented, this could lead to a reliable, yet not easily applicable, list. In order to construct a smaller and more versatile list, one must make a compromise. Regarding the great variations of ODL environments, this list has to consist of rather generally expressed criteria, to be flexible in its adaptation to every particular ODL-instance, yet it must not contain vague or equivocal heuristics, or difficultly assessable ones, which may hamper the evaluators. To achieve this equilibrium is a hard task. Learning issues are complex and highly context-sensitive (Squires & Preece, 1996), so we believe that any further specialisation of the criteria in this phase would threaten their applicability. The list we propose here follows this point of view. As research proceeds, the appropriate form of the list and the correct phrasing of the criteria should improve. In addition to this, we make the assumption that the principles of  ODL are well defined, that is for example that the student MUST experience spatial freedom and time flexibility. Obviously, due to the great variety of the existing ODL applications, this is a point for discussion. Nonetheless, to proceed here, we follow this assumption too.

We follow the approach to construct the list in the way we already proposed in 10 axis and 42 criteria. Furthermore, we propose the combination of this list with a Likert scale with bipolar semantic differentiations, which have proved very effective in facilitating the statistical elaboration of the results, under the constraints already mentioned. The proposal for the new list is as follows:

1. Content

1.1. Self-sufficient educational module (structural integrity)?

1.2. Quantity (coverage of the subject matter)

1.3. Quality (appropriateness, style, language, up to date information)

1.4. Scientific value (accuracy, validity) 

1.5. Clear student-centered format

1.6. Open to everybody

2. ODL adaptation and integration

2.1. Matching the curriculum.

2.2. Spatial freedom

2.3. Temporal flexibility 

2.4. Targets, expected results, keywords, review.

2.5. Small and concise units

2.6. Explanation of difficult and important parts

2.7. Examples and/or case studies

2.8. Parallel material and references

3. User Interface

3.1. Visibility of system status, effective navigation

3.2. Simple and natural dialogs, aesthetic and minimalist design

3.3. User control and freedom

3.4. Consistency and standards

3.5. Error prevention, good error handling and provision of help

3.6. Minimalisation of user’s cognitive load, recognition rather than recall

4. Use of technologies

4.1. Full usage of the system’s capabilities

4.2. Proper equilibrium between old and new techologies

4.3. The technologies support the instructional environment (not self-targeted)

4.4. The technologies support the management of the environment

4.5. The technologies support the communication channel

5. Interactivity with the instructional material

5.1. Navigational fidelity

5.2. Multimedia components

5.3. Multiple kinds exercises 

5.4. Adaptable environment

5.5. Facilitation of the active interaction

5.6. Support for collaborative work and group dynamics

6. Student’s Support

6.1. Guidance and encouragement of the student from the instructional material

6.2. Guidance and encouragement of the student from the communication channels

6.3. Accessibility to the supporting elements (tutor, instructional organisation etc)

6.4. Assessment of the inactivity feeling

7. Communication channel

7.1. Tutorial sessions (presence and efficiency)

7.2. Tutor (presence and efficiency)

7.3. Synchronous communication channel

7.4. Asynchronous communication channel

7.5. Assessment of the feeling of isolation

8. Acquisition of knowledge

8.1. Ease of access and understandability of the instructional material.

8.2. Suport of personally significant approaches to learning

8.3. Tools corresponding to cognitive styles and to cognitive levels of the students

8.4. Does the environment afford experimentation with the acquired knowledge?

8.5. Multiple representations and multiple strategies that students can explore.

9. Projects and «learning by doing»

9.1. Summarizing exercises

9.2. Extension activities

9.3. Exploratory learning (eg. simulations)

9.4. Learning through action (eg. constructions)

10. Assessment and self-assessment

10.1. External assessment exercises and/or examinations (quantity and quality)

10.2. Self-assessment exercises

10.3. Instant-assessment exercises (multiple choice, yes/no etc)

10.4. System feedback on students’ progress

Concerning the way the criteria must be applied, we propose the following approach: the evaluator has to ask him/herself if the particular criterion (a) is present at all, and if it is, then (b) to what grade it is fulfilled. The assessment can be recorded either in a Likert scale or an open-ended questionnaire, where he/she could note his/her opinion. Below is an example:

7. Communication channel

7.1. Tutorial sessions (presence and efficiency)

Yes, there are tutorial sessions, however only two sessions take place during the semester and their organisation is mediocre. The student doesn’t profit from them.

7.2. Tutor (presence and efficiency)

No, there is not a tutor at all. However, in the particular context of the course, he is not necessary.

We would like to make some more comments on this list. Firstly, we believe that one issue of paramount importance in ODL is the form of the communication channel, as already mentioned, so there is an axis-heuristic on this topic. Also, the heuristics of the interface assessment by Nielsen are incorporated in a more concise form as «heuristic 3: interaction with the student», so there is no more need to perform a «double» evaluation, one for the interface and one for the ODL environment. Obviously, this approach means that it is no longer about an interface evaluation, but more about an «educational environment evaluation».

Secondly, the greatest threat for an ODL student are the feelings of isolation and the consequent inactivity, which lead in many cases to the suspension of the study (HOU, 1998), as already stated, so we consider them as separate criteria in our list.

We are now finally able to reduce this list to a set of heuristics, with some explanations on every one. Let us emphasize at this point, that we do not give extended explanations, and we do not provide a guidance on how they could be applied. There are two good reasons for it: on one hand, these are “heuristic rules”, which derive from prior experience, studies and reports of researchers in the field; so they must be applied as such. On the other hand, ODL environments provide such a great variety in form and shape, as already often stated, that any attempt to specialize these heuristics would lead to misinterpretations. So, this list is expressed in rather broad terms to provide a wide scope and there is not any advice on how they could be applied in order for them to be flexible.

The proposed final heuristic list for usability/learnability expert-based evaluation of web-based ODL environments:

1. Content: Is the quantity, quality and value of the content acceptable? Can one characterize it as “student centered” and “open”?

2. ODL adaptation and integration: Does the program provide spatial freedom and temporal flexibility? Are the principles of ODL concerned?

3. User Interface: Are Nielsen’s usability heuristics concerned?

4. Use of technologies: Does the environment make full use of the potential of the undelying system, without hampering the students’ performance in any way?
5. Interactivity with the instructional material: Is there navigational fidelity and correct multimedia elements? Is the environment adaptable, and does it support collaborative work?
6. Students’ Support: Is there guidance and support of any kind for the student? Are the supporting elements easily accessible?

7. Communication channel: Is synchronous and asynchronous communication possible? Are there tutorial sessions and a tutor?
8. Acquisition of knowledge: Easily acquired knowledge and support of personal styles and cognitive levels. Support of authentication of the knowledge.
9. Projects and «learning by doing»: Are there enough exercises and hands-on practice. Is exploratory learning supported?
10. Assessment and self-assessment: Is the student assessed according to the principles of ODL? Are there self assessment tools?
DISCUSSION AND CONCERNS

The general impression from the literature survey we presented in this chapter and the studies we’ve conducted is that the method is applicable and provides some great advantages as well, which are advantages of the heuristic evaluation in general: it is cheap, fast, easy to apply, the experts, despite the difficulty in locating them, are more easily brought together than the users, and it is very efficient, according to the problems it discovers in relation to the effort and the resources needed (Nielsen, 1990; Nielsen, 1992; Levi & Conrad, 1996). 

However, there are some important concerns regarding the applicability of the method one has to keep in mind when working with it.

Maybe the most important concern is that the heuristic approach may sometimes not allow for usability issues that occur for specific tasks and users groups.  It is also not able to identify and to take into consideration socially relevant issues (Hess and Azuma, 1991), such as the individual characteristics of ODL students, financial categorization, minorities and cultural differentiations, or the well known problem of the harmonisation of the ODL class, due to the observed student diversity. These issues could lead the evaluation of the usability and the learnability of the system to the edge, in the sense that any opinion of an evaluator could be rejected by an opposing statement of a second one; the paradox being in this case that both are right. This problem occurs in empirical evaluations as well; we presented it briefly as we mentioned the antagonistic studies published up to now on the domain. So, it is obvious that one has to make an assumption on the harmonization of the ODL class, a common profile of the students, which however has to be broad and flexible more than usual, to enclose as many of the characteristics of the “common ODL student” as possible, even if some researchers advocate that “the common user” doesn’t exist.

Locating the appropriate evaluators proved to be very difficult. HCI specialists are very rare, compared to other specialists and geographically dispersed, a fact that is also true for the ODL experts. This fact eliminated one strong advantage of the expert-based approaches, namely the obtaining of easily located experts. A tentative approach we propose here is to split the heuristics. HCI experts should perform the usability part of the evaluation, ODL experts should evaluate the learnabilty issues and only in the case where one can afford real double-experts, to utilize the complete proposed list. Obviously, in the case where one uses simple-experts, it is wiser to use the unfolded form of the list, in order to obtain more accurate results.

Long criteria lists discourage the evaluators, nevertheless in general non ODL experts tend to have many questions about many ODL specific criteria. It is apparent that the extensive list of criteria is not enough to provide them with enough confidence to perform the evaluation. So we can argue that the use of an extended criteria list is not the best approach. On the contrary a shorter list acompanied by an one day seminar is a better solution, however it is more difficult to materialize; or, again very difficult to materialize, the optimal solution being the gradual creation of a nucleus of double expert evaluators, which would perform the evaluations, because few double experts can replace many «normal specialists», as already stated.

Another question that remains unanswered and concerns the learnability of the environment, is whether the experts are really able to predict the problems experienced by the learners, regarding the cognitive domain of the environment. According to Dimitrova et al. (2001) these problems are categorised as learning support problems, comprehension problems and missed interactions. Learning support problems deal with how much explanation of the material the students required. The comprehension problem category describes which parts of the material the students had problems understanding, while finally missed interactions are situations where the students did not perform an interaction which is considered important for achieving their learning tasks. 
Another issue that needs to be further researched is the protest stated by Spoole and Schröder (2000) regarding the optimal number of evaluators. Jared Spool of User Interface Engineering (UIE) presented the results of some recent research that brings into question the long-standing rule of thumb put forth by Jakob Nielsen. The point of contention is whether one can truly find the large majority of usability problems in complex web sites by employing a very small number of testers. The Nielsen rule of thumb, referred to by Jared as the "parabola of optimism," states that five testers can find 85% of the problems in a web site regardless of its size. In contrast, the UIE research indicates the number of testers needed increases linearly with the size of the web site.

The UIE numbers stemmed from working with 49 test subjects on four production web sites. The subjects were charged with doing compelling shopping tasks and they were provided with incentives to use those sites in a real-world manner. UIE found that:

· The testers only overlapped in their findings by 3.2%. 

· No amount of user experience will be victorious over bad design. 

· No two users approached their tasks in the same way.

We would like to comment on this objection. The heuristic methodology enables experts in HCI and, if possible, domain experts to perform the evaluation, and they are asked to judge the interface and pinpoint usability problems. Test users, as already stated, do not perform well. In addition, it is a known drawback of the method that the experts can only hardly propose solutions. As Jeffries et al (1991) denote “disagreements between the experts are common practice”. Secondly, the method is not task based. Tasks in commercial or educational sites can become very complex, so task-based expert evaluation methods, like the Cognitive Walkthrough (Warton et al., 1992; Warton et al., 1994; Liewis & Rieman, 1994) or the modified Cognitive Graphical Walkthrough (Demetriades et al., 1999; Karoulis et al., 2000), which seems to be more versatile, are not easily applicable and there is no evidence about their use yet. On the other hand, explaining the cognitive parameter regarding the evaluator of educational environments, Squires & Preece (1999) advocate that the heuristic methodology involves teachers to review the software, and it motivates them, from their knowledge of how they would present the software to pupils and how pupils learn, to assess the suitability of the software for its intended educational purpose.

Nevertheless, since educational sites can grow very large in size, since users mainly perform tasks in such sites and since ODL includes de facto the cognitive parameter, the claim of Spoole and Schröder becomes too important to be ignored. 

Another ambigous point concerns the combination of the heuristic approach with other methods. MacQuaid and Bishop (2001) found that solely applying the heuristic approach could provide some limitations, such as a lack in addressing how much it will cost the developers to fix the problems, or that it does not adequately capture the distinction between high-level (global) and low-level (specific, screen-level) problems. However, combining heuristic evaluation with other methods provided significantly better results. We also suggest (Karoulis & Pombortsis, 2000) the combination of more than one method, preferably an expert-based and a user-based (empirical) approach. However, the combination of heuristic evaluation with other methods to assess web-sites has not yet been examined enough.

The issue of the impact of usability on learnability seems to us to be clarified: concerning ODL environments, there is a clear impact, that could contribute to some undesired side-effects as well. Tselios et al (2001) argue that contemporary computer environments are less neutral, since they inevitably seem to play a significant role in the educational process. Educators and developers of software tools, especially those with high degree of complexity, should therefore be concerned about determining this role and develop adequate techniques for diminishing any negative influence of the tool on the educational process. They suggest that techniques that permit design of software tools with these characteristics should also be defined. This objective becomes more difficult in cases when the task and context of use of the software is far more complex, as it is often in the case of integrated ODL environments.

There is a secondary result that is worth a discussing. The heuristic methodology is considered to be quick, however our experience shows that the asynchronous, web-based evaluation session can last up to a couple of months. The new characteristics of the web-based evaluations and especially the asynchronous evaluation mode seem to bring some implications with them, as the lengthening of the evaluation session or the loosening of the evaluation structure. In addition to this, an eventual mean changing of the site under evaluation could result in a complete re-start of the whole evaluation session, or abandonment.

To conclude the above, we believe that the main issue that remains the biggest challenge is to evaluate a web-based ODL program in a holistic manner, namely not only the usability and the learnability of its interface, but the whole instructional environment , using an expert-based approach. Such a study must cover interdisciplinary aspects, such as educational technologies and delivery mechanisms of the institution or cognitive psychology issues regarding the different learning styles of the students. Obviously such a study would go far beyond a simple chapter; it is merely a subject for a new book.

FUTURE TRENDS

Concerning the delivery of information over the web and the collaboration of many people over a network, socially relevant issues arise as well, such as the preservation of privacy (Bellotti & Sellen, 1993). Information technology can store, transmit and manipulate vast quantities and varieties of information. Whilst this potential is essential to government, public services, business and individuals, it may also permit or entail unobtrusive access, manipulation and presentation of personal data (Parker et al., 1990; Dunlop & Kling, 1991). Privacy is generally considered to be an important right, yet it is difficult to define this notion in more than an intuitive fashion (Anderson, 1991). Attitudes to what is and what is not public information vary between people in different contexts and roles (Harper et al., 1992). Codes of practice and the law offer inadequate guidance on what actually counts as violations of privacy in technologically sophisticated environments (Clarke, 1988) and it may take lengthy court proceedings to determine if privacy has been violated (Privacy Protection Study Commission, 1991). ODL environments are extremely prone to intrusions, due to their structure, and a clear way to be protected against intrusions has not yet been found. Future research about evaluation methodologies in a holistic manner, should take this point of concern into consideration as well.

The heuristic approach as presented in this study is not yet suitable for a holistic evaluation of the environment. We are entering the age of ubiquitous computing (e.g., Weiser, 1991; Lamming & Newman, 1991; Hindus & Schmandt, 1992) in which our environment comes to contain computing technology in a variety of forms. Such environments, also called “media spaces” (Stults, 1988) are a recent development in ubiquitous computing technology, involving a combination of audio, video and computer networking. They are the focus of an increasing amount of research and industrial interest into support for distributed collaborative work (e.g., Root, 1988; Mantei et al., 1991; Gaver et al., 1992; Fish et al., 1992). The evaluation of such environments has to take into consideration, according to Bellotti & Sellen (1993), four core issues concerning the circulation and dissemination of the information in respect to social relevant issues that arise on this context:
· Capture: What kind of information is being picked up?

· Construction: What happens to the information? Is it encrypted or processed at some point or combined with other information and, if so, how? Is it stored? In what form? This could obviously lead to numerous potential ethical problems (Mackay, 1991).

· Accessibility: Is information public, available to particular groups, certain persons only, or just to oneself? What applications, processes, and so on utilise this data?

· Purpose: To what uses is information put? How might it be used in the future? 
These concerns are of interest for ODL ubiquitous environments, as o lot of educational and private data is circulating between the participating entities. So, in our opinion the assessment of such an environment is a challenge heuristic evaluation can confront. Yet, the existing research framework has not matured enough. 

CONCLUSION

We claim that expert-based methodologies in general and the heuristic evaluation in particular can be succesfully applied in the evaluation of web based Open and Distance Learning environments. Generally, many problems of the site under evaluation can be  discovered, and the general impression is that with the results of the heuristic evaluation, one could propose many concrete improvements to the site under consideration, which finally is the aim of every evaluation. 

Levi & Conrad (1996) argue that the final assessment of every system must be made according to its usability. Myers and Rosson (1992) calculated that 48% of the total code of every software concerns the interface, Avouris (2000) augments this number to 70% while Myers (1992) claims that in many cases the interface is the system itself. We don’t entirely agree with this position; we rather believe that the heuristic methodology provides a powerful tool to evaluate the usability and the learnability of a particular interface, however, in the case of complex environments, like ODL environments, it must be combined with on-field evaluations.  There is, more or less, a coincidence of the researchers on the field over this issue (Squires & Preece, 1999; Preece at al., 1994; Lewis & Rieman, 1994; Kordaki et al., 2000; Karoulis & Pombortsis, 2000). So, we consider the heuristic approach as a powerful tool for the formative evaluation of the first design stages of the environment, however, as the system matures, it should fade out in favor of more user-centered approaches, which can provide an in-depth analysis of the system’s usability and learnability. Yet, one must be aware of the constraints of the empirical evaluations, as already discussed, and, most of all, the problem in finding real users to evaluate the system under real circumstances.
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