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Abstract Multimedia systems are more and more used in distance learning. Since these systems are often structured as a hypertext, they pose additional problems to the user due to the complexity of navigable paths. In these cases the user has to learn both the structure of the hypertext and the provided contents. Three studies have been conducted to test the hypothesis that the level of usability of a system can affect the learning performance. The first two studies were aimed at evaluating the level of usability of a system developed as a multimedia distance learning course. An experiment was then conducted to compare the learning performance of students using this system to that of other students using different educational tools. Results lend a preliminary support to the hypothesis that a difficult to use hypermedia system can negatively affect learning performance. q 1999 Elsevier Science B.V. All rights reserved. Keywords: Multimedia systems; Hypertexts; Usability evaluation; Distance education; Learning



1. Introduction Multimedia products are being increasingly used in distance learning, that is in training conditions where face to face interaction does not occur between the teacher and the learner. There is one main reason for this trend, namely the belief that multimedia products help people to improve learning [1]. This assumption, however, still needs supporting evidence since different factors could affect the effectiveness of multimedia educational systems. Some meta-analyses have been conducted to compare learning in a traditional classroom situation to learning using multimedia systems [2–5]. These studies have focused on the measurement of two variables: effectiveness and time. It has been * Corresponding author. 0953-5438/99/$ - see front matter q 1999 – Elsevier Science B.V. All rights reserved PII: S0953 -5 438(98)00054 -X
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confirmed that learning is more effective when the information is presented adopting a multimedia application. In addition, training using computer-based instruction appears to be associated with consistent time savings, in some cases students learned with it in more than 70% less time than students in traditional classrooms [3]. Although these results support the assumption that multimedia products are effective tools to improve learning, there are also studies showing that the effectiveness of multimedia systems on learning processes decreases over time [5,6]. These studies, however, do not deny the effectiveness of multimedia systems on learning since they only suggest that the efficacy of such systems can decrease when they are used for a long time. There is thus good empirical support to maintain that multimedia systems are functional for learning processes. However, it should be noted that the evidence showing the efficacy of multimedia was mainly gathered from systems lacking high complexity in their structure, and in which the same information was simply provided through the adoption of different media, such as video, animations, speeches and so on. Very often, on the contrary, multimedia systems are based on hypertextual structures. The effectiveness of hypertexts in training systems has been repeatedly questioned [7,8] since students could easily feel lost in the complexity of the many connected environments. Some studies have also shown that interactive multimedia systems do not guarantee learning when students are not familiar with the topic [9,10]. Also Brusilovsky et al. [11] have recognized the risk of unproductive wandering through hypertexts, thus they have structured a tool for developing systems which use an adaptive hypertext guidance, that is systems which maintain an individual user model and provide navigation support. A major problem when interacting with hypermedia educational applications is that the interface has to guide the student through an educational path. The student has thus to deal with a double learning process: on the one hand s/he has to learn how to interact with the system, on the other hand s/he has to acquire new and likely difficult concepts. These two aspects, namely learning how to interact with the system and learning the contents it provides, are not independent. They are carried out at the same time and use the same cognitive resources [12]. Thus, even in those cases in which the application offers relevant and useful information, as for multimedia systems, the interface could be difficult to use and, as a consequence, jeopardize the educational success of the system. In this paper, the way in which the level of usability of the system can affect the effectiveness of a multimedia training course is evaluated. Three studies aiming at the evaluation of a distance learning course of mathematics are reported. The course is a multimedia application structured as a hypertext. In the first study the usability of the system has been evaluated performing a heuristic evaluation. Alternatively, in the second study the usability of the system has been tested involving end-users. Results coming from these two studies have been used to determine the level of usability of the system and to give some indications of its effectiveness as a training tool. An experiment has then been carried out to evaluate the students learning performance. To disentangle the contribution of the two factors here considered—the usability of the system and the contents provided—the learning performance of three groups of subjects using different educational tools, i.e. the printed version of the multimedia course, a book, and the multimedia course, has been compared.
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2. The system The system is an educational tool developed as part of the ‘Multed’ project (European Union Esprit project no. 7524). The tool deals with ‘limits of functions’ and was designed as a distance learning course for freshmen in the Economics Degree programme. The system has not yet been adopted as an educational tool in real contexts, although it is a fully developed system. The user-interface is based on a book metaphor. The system is thus organized in different environments: the indexes (general and analytic), the book, the card-holder, and the help (Fig. 1). The general index shows the titles of the different modules, chapters, sections and paragraphs, respectively. The analytic index provides a graphical



Fig. 1. Graphical representation of the system. Single boxes represent environments with only one page, while multi-layered boxes are environments with more than one page. Single arrows represent a link from one environment to the other. Double arrows show paths along which the user can move forward and backward. Circular arrows show functions inside an environment, backward (¹) and forward (þ) In the card-holder environment only the backward function is available.
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representation of every node and link, and can also be used to gain access to the cardholder. The book is the core of the system. All the information of the system is developed here and provided to the user through the adoption of text, video, audio and animations. The book has four chapters, each of them with a number of sections varying from three to five. Each section, in its turn, has several paragraphs—from five to 15—each of them having many screen-pages. In some cases paragraphs have more than 60 screen-pages. The card-holder is made up of cards with further information relative to the paragraph the learner is currently studying. Each chapter has links to more than 60 cards. The help informs the student about the use of the system and it is made up of 10 screen-pages. The user can move through the system by clicking buttons labelled with the names of the different environments although, as shown in Fig. 1, not all the environments are directly linked one to another. This can result in more constrained navigation paths and in some cases some necessary links are missing. For instance, the help can only be accessed through the general index, and its specific information—displayed in the general and analytic index helps, the card-holder help and the book help—can only be retrieved after passing through two or three additional screen pages. Environments which contain many pages, such as the general index or the book, have backward and forward functions (shown in Fig. 1 as a double arrow labelled with ¹ and þ). However, in the card-holder, the student can only move backwards. Similarly, when the paragraph is accessed from the card-holder the student can only go to the book since there is no way to move back to the card-holder. Taking these preliminary factors into consideration, the first and the second study were carried out to shed some light on likely usability problems of the system.



3. First study: heuristic evaluation Usability is a key issue in human–computer interaction; it is the principle commonly accepted to indicate the quality of a user interface [13]. Many definitions have been put forward to determine what usability is. All such definitions, as the one of ISO 9241/11, refer usability to a multifactorial concept related to ease of learning, ease of use, effectiveness of the system, user satisfaction, and link the evaluation of these factors to an actual context of use and to specific aims. Several methods have been put forward for usability evaluation, and often the choice of the method is affected by many factors—such as time, money, expertise of the evaluators—other than theoretical considerations. However, it has been shown that different methods produce not perfectly overlapping results [14,15]. To overcome possible biases due to the sensitiveness of the method adopted, the system has thus been evaluated using two different methods; the first based on experts’ judgements and the second involving end-users. The first evaluation reported here is named heuristic evaluation. It is an expert-based approach involving some reviewers who inspect the system in order to find out possible problems in the user interface. Reviewers are experts in the field of human–computer interaction who rely on their own experience and on the use of general human factors principles actively looking for places where some of them have been violated [16]. This method has the advantage of being cost-effective and, comparatively, quick and easy.
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3.1. Method 3.1.1. Participants The heuristic evaluation has been conducted by two experts in human–computer interaction. 3.1.2. Procedure The two evaluators inspected the system working individually. In order to find out the most relevant usability problems, the evaluators adopted a checklist of well established principles shared by many lists of guidelines that have been devised for the assessment of human–computer interaction [17,18]. The guidelines considered were the following: (a) use simple and natural dialogue; (b) use the user’s language; (c) minimize user memory load; (d) be consistent; (e) provide feedback; (f) provide clearly marked exits; (g) provide shortcuts; (h) provide good error messages; (i) prevent errors; (j) allow the user to feel in control of the system; and (k) allow action reversal. Both the evaluators used the guidelines as an evaluation tool: they interacted with the system examining, screen by screen, each environment of the multimedia course and noting violations of the given guidelines. After having completed the individual evaluations, the two reviewers combined their results to create a single report which included all the usability problems discovered during the analysis. Globally, the heuristic evaluation took three days. 3.2. Results In Table 1 the main usability problems indicated by the two evaluators for each environment and in relation to the guidelines adopted are reported. Table 1 Heuristic evaluation results: number of violations for each environment Analytic index General index a b c d e f g h i j k Total



Book



Card-holder



1



2



5



3



1



3 7



4 10 2 1



1 7 2



1 1



Help 6 1 2 5 1 4 1



2



2 1 17



8 3 33



2 1 16



2 22



Total 17 1 10 30 5 2 5 0 1 12 7 90



Guidelines: (a) use simple and natural dialogue; (b) use the user’s language; (c) minimize user memory load; (d) be consistent; (e) provide feedback; (f) provide clearly marked exits; (g) provide shortcuts; (h) provide good error messages; (i) prevent errors; (j) allow the user to feel in control of the system; (k) allow action reversal.
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On the whole, 90 violations were found. The most numerous violations concerning, respectively, the following guidelines: (d) be consistent; (a) use simple and natural dialogue; (j) allow the user to feel in control of the system; (c) minimize user memory load; (k) allow action reversal; (e) provide feedback; (g) provide shortcuts. In a ranking from highest to lowest, the environments affected by these violations are the book, the help, the general index, the card-holder, and the analytic index. 3.3. Discussion Heuristic evaluation showed a quite low level of usability as practically all the guidelines are repeatedly violated in most environments. The structure of the general index, for example, is too complex and the use of numbers to identify modules, chapters, sections and paragraphs could have negative effects on user memory load. In addition, buttons to close windows are always missing. The book shows many inconsistencies. For instance, the same colour is here used for titles of different contents and different buttons are used to activate the same function. Furthermore, as stop and play buttons are the only ones provided, the user scarcely ever has control over animations and videos. Within the card-holder the forward function is missing, in addition some buttons do not have a good affordance. However, the most serious drawback is found in the ‘opening the paragraph function’, this being a function available within each card and which opens a new paragraph related to the card itself, although different from the starting one: the one from which the card-holder had been activated (see Fig. 1). When this function is activated the paragraph window is displayed behind the card, thus it is not visible to the user and when the user closes the card window s/he is in a different paragraph from the one s/he was exploring before. At this time the user has no direct link to go back to the original paragraph of the book in which s/he was working as the backward function is missing. The access to the help is available only from the general index whereas it should be provided in all the environments of the system. Furthermore, in order to obtain information from the help, users are obliged to complete many unnecessary steps. On the whole, the information provided by the help is often uninteresting and sometimes incorrect.



4. Second study: user-based evaluation The user-based approach involves real end-users interacting with the system. Many techniques such as video-recording of interaction, thinking aloud, pre- and post-test interviews are adopted in a controlled environment to obtain measurements of some relevant variables. This method is time demanding and relatively expensive, however, contrary to other methods, data coming from this kind of evaluation are directly derived from subjects’ experience. Thus, to counterbalance the results of the heuristic evaluation the userbased method was adopted as the second method to evaluate the multimedia system. Results coming from this evaluation will be briefly compared with those obtained in the first study.
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4.1. Method 4.1.1. Participants Ten students of the University of Siena participated in the user-based evaluation of the distance learning course. They were six females and four males with an age ranging from 21 to 27 years (mean 26). Subjects were experts in mathematics to avoid interferences due to the lack of knowledge in relation to the topics of concern, since the aim of the evaluation was to get information on interaction problems. 4.1.2. Procedure The test was in three main phases where the users participated individually. In the first phase, the users were asked to complete a multiple-choice questionnaire aimed at obtaining information about their computer experience. Questions were related to the amount of experience in working with computers, the frequency of use, the types of application used, and so on. In the second phase the users interacted with the application exploring it freely. To get information about all the components of the system—as icons, environments, animations, etc.—the experimenter only interfered to draw the attention of the users on potential neglected elements. While performing the exploration task the users were asked to think aloud in order to explain their actions and their interpretation on the encountered problems. A video camera was used to record the users’ comments and activity. Two experimenters who were unaware of the results of the heuristic evaluation managed the test. They were familiar with the application to be able to give advice when it was needed. The duration of the interaction was limited to one hour. In the third phase users were asked to fill in a post-test questionnaire in order to obtain subjective information after the use. The questionnaire consisted of a subset of the items forming the User Evaluation of Interactive Computer Systems Questionnaire—long form [19]. Each item was a Lickert-type seven point scale made up of a statement, e.g. ‘Getting started’, followed by the scale for collecting subjects’ judgement, in this case ranging from ‘difficult’ (1) to ‘easy’ (7). The number ‘4’ was to express a neutral judgement. The questionnaire was divided into four main parts. The first part, made up of eight items, aimed at obtaining an overall subjective evaluation of the system. The second part, with six items, aimed at evaluating the ease of learning how to use the system. The third part, with four items, aimed at evaluating the graphical aspect of the interface. The fourth part, with three items, aimed at evaluating the usefulness of the help. After the test, the two experimenters reviewed the videotapes in detail to register usability problems. 4.2. Results From the analysis of the pre-test questionnaire 80% of the sample had been using computers for two years. Computers were mostly used for study, from two to 10 hours per week. The system mainly used was MS-DOS–Windows, the most familiar programs were word processors and games and 80% of the sample knew some programming languages. None of the sample had ever used multimedia programmes to study mathematics.
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The analysis of the interaction test was conducted referring usability problems (errors and misunderstandings) to the same principles adopted in the heuristic evaluation. For instance, when a user’s mistake was detected, its reasons were also identified. Accordingly, each mistake was traced back to a violation of one of the guidelines considered in the first study and accounting for that mistake. Globally, it was possible to point out 54 different violations, each identified as a problem in relation to one or more users. The users mainly experienced navigation problems (use simple and natural dialogue), memory overload (minimize user memory load), lack of information about the result of their own actions (missing feedback), and difficulty in performing the same actions across different environments (inconsistency). Usability problems were more numerous in the card-holder, and decreasingly numerous in the help, in the book and in the general index. Only one problem was experienced in the analytic index. Table 2 shows the usability problems indicated by the interaction analysis for each environment of the system and in relation to the usability guidelines adopted in the heuristic evaluation. The analysis of the post-test questionnaire showed a lightly positive attitude towards the system. The differences between the means obtained and the value (x ¼ 4) expressing a neutral judgement are significant for five items out of 21. Two of these items were in the first part of the questionnaire and they were related to pleasantness (mean ¼ 5.1; t ¼ 2.905, df ¼ 9, p , 0.02) and speed of the system (mean ¼ 5.2; t ¼ 3.343, df ¼ 9, p , 0.01). One item was in the second part, the one concerning learning, and it was about ease of learning how to use the system (mean ¼ 5.6; t ¼ 3.207, df ¼ 9, p , 0.01). Two items were in the third part, the one concerning the graphical aspect of the interface, and they were related to the ease of reading (mean ¼ 5.5; t ¼ 3.308, df ¼ 9, p , 0.01) and consistency of object representation (mean ¼ 5.2; t ¼ 2.449, df ¼ 9, p , 0.04).



Table 2 Usability test results. The numbers are the problems in the user–system interaction referring to the guidelines of the heuristic evaluation Analytic index General index a b c d e f g h i j k Total



1



Book



Card-holder



1



3



5



4



3 2 2 1



1 3 5



4



2



15



16



Help 12 1 1 1



2



1



7



Total 22 1 8 6 8 1 2



6 15



54



Guidelines: (a) use simple and natural dialogue; (b) use the user’s language; (c) minimize user memory load; (d) be consistent; (e) provide feedback; (f) provide clearly marked exits; (g) provide shortcuts; (h) provide good error messages; (i) prevent errors; (j) allow the user to feel in control of the system; (k) allow action reversal.
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4.3. Discussion Results of the user-based test, as those obtained in first study, show a low level of usability. Users manifested the need to find a quicker way to move through different environments without necessarily going back to the general index. Problems regarding the book were mainly concerned with the desire for control on animations and videos. The activation of the cardholder was difficult to understand, and actually the users discovered it mainly by chance. In agreement with the heuristic evaluation, the most serious problem is connected with the ‘function of opening the paragraph’ from the card-holder. All the users felt themselves lost after the activation of this function. However, even if the users experienced many difficulties in performing the exploration task, they did not manifest a negative attitude towards the system in the post-test questionnaire. This could indicate that the usability evaluation methods are too sensitive to the drawbacks found in a system, at least more than what is required by real end-users. Alternatively, it could also be suggested that the post-test questionnaire is not refined enough to let negative judgements emerge. By and large, these are only tentative and ad hoc explanations since no data in this experiment account for this result. In comparison, the problems pointed out by the users are less numerous than those found by the experts. However, even if the experts also found most of the problems highlighted by the users, the user-based evaluation allowed us to find some problems that were not discovered through the heuristic evaluation. Therefore, each evaluation method produced indications about usability problems that were not put in evidence through the other method. On the whole, users pointed out more drawbacks concerning both navigation difficulties and missing feedback, especially related to the card-holder and the help. Alternatively, heuristic evaluation had shown more problems related to consistency, control and action reversal. This suggests that the user-based method is more sensitive to usability problems related to the actual use of the system, while the heuristic evaluation method is more apt to identify logical inconsistencies whose negative effects on user’s performance cannot, however, be taken for granted.



5. The experiment: learning assessment Traditional teaching methods have mostly focused on the determination of how much the student learns. Therefore effectiveness of teaching has usually been assessed administering precise questions to the students and considering correct answers as the relevant dependent variable. Although this method is easy to apply and adequate to determine how much the student has acquired of the topics of concern, some important problems remain unsolved. Norman and Spohrer [20], for instance, maintain that traditional tests are aimed at measuring declarative knowledge, thus not considering the depth of understanding or the skills developed. In addition, these tests are not adequate to obtain information about the solidity of the knowledge acquired by the student: knowledge could be only retained for a short time, the time necessary to perform the test and then be lost.
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However, notwithstanding these doubts regarding the adequacy of traditional learning testing methods, no alternative and effective solutions have been proposed so far. Therefore, in this experiment, a questionnaire was administered to subjects after a learning phase. The counting of the correct answers was the dependent variable considered to determine the effectiveness of learning in relation to different educational tools, namely a traditional book, a printed version of the multimedia course, and the multimedia course itself. As indicated in the Introduction, there is a good evidence for claiming that educational systems providing the same information through the adoption of different media can be functional for learning processes. However, as with the system considered here, some problems can arise due to its difficult to use and complex structure. The experiment reported here has been carried out to shed some light on the hypothesis that the effectiveness of a multimedia learning application can be negatively affected by the problems ascribable to a scantly usable hypertextual structure. 5.1. Method 5.1.1. Subjects Thirty-six High School students in their last year of secondary education, and potential freshmen of the University Economics course, participated in the experiment. Using the results of a pre-test questionnaire, they were allotted to three homogeneous groups (n ¼ 12) along four variables: age (mean ¼ 18), sex, computer experience, school ratings at mathematics. 5.1.2. Procedure To evaluate the effects of learning using the Mathematics course, given that this course had been evaluated as a poorly usable system, the learning performance of three homogeneous groups of subjects performing the same task although working with different tools was considered. The tools adopted were the multimedia course (since it had the format of a Compact Disk, from now on, for sake of brevity, it will be named ‘CD’), the printed pages of the CD and a book having the same didactic programme of the multimedia course. The group of students using the printed pages of the CD was considered to have a condition in which the interface of the CD was removed. The group of students using a traditional book was considered as a check group for comparisons about the contents of the CD. Subjects had the task of studying the first three sections of the chapter ‘Limits and Continuity’ without any time constraint. Before the learning phase all the students were asked to fill in a questionnaire on their attitude toward multimedia courses. They had to answer eight questions on a five point scale ranging from ‘strongly agree’ to ‘strongly disagree’. Students in the CD group were also given some general information on the CD structure and on how to use it. When the learning phase was completed, all the students of the three groups were given a multiple-choice test designed by a University Professor who lectures on mathematics. The test, aimed at assessing students learning, included 20 questions, theoretical and practical, regarding ‘Limits of Functions’. Subjects had to choose the correct answer out of five alternatives. The students of the CD group were administered another
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questionnaire, parallel to the one on multimedia course attitude, but related to the specific CD course they have completed. 5.2. Results The analysis of the results of the pre-test questionnaire did not show any significant difference among the three groups of subjects in relation to their attitude towards multimedia courses. The ANOVA on the results of the learning test showed no significant difference among the three groups (CD group, mean ¼ 11.667, SD ¼ 2.674; printed version of the CD group, mean ¼ 10.833, SD ¼ 2.443; book group, mean ¼ 11.500, SD ¼ 3.344; F(2, 33) ¼ 0.288, p . 0.05). Results of the post-test questionnaire were analysed with the Wilcoxon Signed Rank Test. These results showed that the students’ attitude towards the multimedia course is less positive after their learning experience. Differences were significant for four questions out of eight: question 1, pleasantness of study, (p , 0.0277); question 5, flexibility of the system (p , 0.04317); question 7, easiness to follow one’s thoughts (p , 0.0277) and question 8, course usefulness (p , 0.0180). 5.3. Discussion The results coming from this experiment do not seem consistent with the hypothesis of a superiority of Multimedia educational systems: there was no significant difference in the learning performance among the three groups of students. However, this negative conclusion should be viewed in the light of additional reflections. First of all, the course contents appear to be adequately dealt with: subjects using a printed version of the CD had a level of learning performance equivalent to the other two groups. In addition, taking into account the results of the first and of the second study, the equivalent level of learning performance of the three groups supports the hypothesis that possible advantages of multimedia systems can be made pointless owing to the adoption of a scantly usable hypertextual structure. Considering the abundant former evidence on the effectiveness of multimedia systems, a better performance of the subjects adopting the CD could be expected. Results obtained here, on the contrary, do not show any difference among the three groups here considered. However, the lack of superiority of the CD group cannot be explained as a consequence of some problem related to the contents provided since the group using a printed version of the CD manifests the same performance of the group using a traditional book. Therefore, the clear low level of usability of the sytem found in the first and in the second study suggests that the negative result, in relation to the expected superiority of the CD, can be ascribed to the complex structure of the system. The negative effects of the structure of the system evaluated here can also be found in the worsening of the attitude towards the multimedia course. After the experimental session, subjects reported that the system is not flexible enough and that it thwarts users in following their thoughts. An improvement of the usability of the system could let emerge the advantages due to the adoption of multimedia techniques. Unfortunately, the system considered here is fully
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developed, it has thus been impossible to assess how the improvement of its level of usability can result in a better performance. Learning assessment studies paralleling an iterative development process could bring relevant and more definite data to this aim. 6. Conclusion Multimedia educational systems are often developed as hypertexts to allow the user to freely explore the topics of interest. There are, however, some grounds for maintaining that hypertexts can in some cases be detrimental for the learning processes, thus decreasing the efficacy of hypermedia systems. These grounds are linked to a major problem, that is the often obscure structure of the hypertext. As it has been repeatedly shown, hypertexts can make the user feel lost. Problems are even more remarkable when the user is not familiar with the topics [9,10] in that learning how to navigate in the hypertext can often compete with the acquisition of the contents. The results reported here lend support to this general hypothesis, further studies are required both to quantify how much learning is negatively affected by difficult to use systems and the details regarding the cognitive processes underlying such results.
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