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AbstractWhilst there has been much mention in the literature recently concerning thedevelopment of hypermedia systems, there is very little reported work onprojects to assess their effectiveness, or otherwise, in education. This paperreports on a project currently underway at the University of Southamptonin the UK to develop a hypertext interface for an interactive videodiscapplication in biology education, and to undertake a thorough evaluation ofthe resulting system as used by undergraduate students at the University. Thesystem is currently based on Apple's Hypercard and uses existing videodiscmaterial.



INTRODUCTION 1.1 IntroductionUntil very recently, the costs of both hardware and software made the use ofinteractive videodisc (IV) systems virtually non-existent in education. Mostexamples of interactive video material were in the industrial training sector,where it can be very cost effective as well as educationally effective toproduce videodiscs and related software designed for speci®c training tasks.Such materials are generally very expensive to make and provide no solutionto the most effective way of exploiting interactive video in education (Hall,1988). However, the combination of scope and power provided by theconvergence of computing and video technology has the capability to greatlyenhance and enrich the learning process in many subject areas. There arenumerous areas of education where the only way to really understand orappreciate a concept is to see a photograph or a moving ®lm. Still picturescan be presented in books but no book has the storage capacity of an opticaldisc; up until quite recently the only way for students to access full-motionvideo was using videotape as a play-back facility. The ability to access from asingle workstation any one of thousands of still pictures, or moving ®lm clipswill present new and potentially highly motivating learning environmentsfor many different types of students. Today this is possible with computercontrolled laser disc technology. A laser videodisc holds up to 55,000 videoframes per side, or approximately 30 minutes of linear playing time. Twoaudio tracks provide the option of sound and can also be used to s tore digitalinformation. Each of the video frames can be located almost instantaneouslygiving random access to all the still and moving images stored on the disc.Through software control, the user is no longer a passive watcher of aslide show or a TV programme but is able to interactively determine theirown learning path through the video information. This information can beintegrated with text and graphics stored digitally, either on the same disc oron the computer, making the potential seemingly limitless.However, providing easy, interactive access to such large amounts of pictorialinformation for both authors and readers is a task that will occupy the mindsof researchers for many years to come. It is far more complicated to index apicture than a text document, and we need to provide environments in whichthe links between picture and text and picture and picture appear seamlessto the user. Hypertext interfaces appear to offer one possible solution tothe latter problem. This paper describes the design and implementation ofa hypertext interface for an interactive videodisc system to be used in theteaching of cell biology to undergraduate biology students. The system isbased on an existing videodisc that is readily available in Europe, and theApple Hypercard environment. The paper also presents the ®rst results of anevaluation study that has been undertaken with students using the system.CSTR 90-2 1



2. DESIGNING THE SYSTEM2 Designing the SystemBy its very nature, biology is a subject that cannot be learnt or understoodwithout access to pictorial information. Biology text books are alwaysextensively illustrated with line drawings, sketches and photographs. Filmsand, more recently, videotape recordings are used to illustrate concepts andprocesses that are dynamic in nature and cannot be easily demonstrated inlaboratory sessions. It is therefore natural that biologists should be attractedto videodisc technology as a means of disseminating information about theirsubject. It was the existence of one such disc (in fact now a series ofdiscs), namely ªCell Biology I: Functional Organisationº, that provided themotivation for the project discussed in this paper. The disc is produced by theInstitut fur den Wissenschlaftlichen Film (IWF) in Gottingen, West Germany,and is distributed by the British Universities Film and Video Council in theU.K. It is the ®rst in a series of three discs on the general theme of CellBiology and contains nearly one hundred short ®lm sequences, most withalternative commentaries in English and German (Bereiter-Hahn, Fischer,Hock & Kiermayer, 1984). It provides a video database on the subject itaddresses, and can be used in many different ways to explore various aspectsof this subject. The material on the disc can be used with different groups ofstudents at many levels and can be adapted to a variety of teaching styles.The aim of this initial project was to produce software that facilitates access tothe information on the disc for ®rst and second year undergraduate biologystudents, as a complement to various aspects of their cell biology courses. Itwas necessary that both the software development language and the ®nishedproduct be easily usable by students and staff unfamiliar with the use ofcomputing technology. It was also envisaged that the ®rst program producedwould only use a small portion of the material on the disc and that furtherprograms would be developed in the future. For this reason it was importantthat the system was ¯exible enough to be relatively easily extended andup-dated. After initial familiarization with the videodisc, the theme of ªCellMotilityº was identi®ed as one which would exploit some of the best imagesand sequences on the disc yet also remain compatible with key aspects ofthe ®rst year Cell Biology course offered at Southampton.The overall aim for the software design was to provide a ¯exible informationpresentation system that linked text and graphical information to picturesequences on the disc. The development of guided or `question and answer'type tutorial material was not a design issue in the initial phase of the project(although it was envisaged that this facility would be added at a later stage).A number of design strategies were considered, including linear sequencingof the material, hierarchical branching and a network approach. The ®rst twoof these were quickly rejected as being too in¯exible and directed; it wasfelt that for use in higher education, the system should encourage the userto determine their own way around the information as much as possible. A2 CSTR 90-2



IMPLEMENTATION 3.network approach, where any one section of the system can be linked to anynumber of other sections via (generally) bi-directional links, was consideredto be the most ¯exible design strategy, one which would provide the userwith a greater degree of interaction with the system.Of course, this design strategy embodies the concept of non-sequentialwriting and it is dif®cult now to disentangle the thought processes that led tothe identi®cation of this strategy. At the time of the initial design phase of theproject (the autumn term of 1987), the terms hypertext and hypermedia werebecoming more and more common in the computer science literature, butwere not well-known outside of this. Suf®ce it to say here that the subjectspecialists envisaged a network approach for the presentation of informationin this integrated and interactive text, graphics and video system, and ahypertext interface seemed to best ®t their design criteria.3 ImplementationHypertext is the term ®rst used in the early 1960's by Theodore Nelson todescribe the idea of non-sequential writing (Nelson, 1967). The reader whois unfamiliar with this idea should refer to the new book by Shneidermanand Kearsley (1989). Basically a hypertext system is one which allowsauthors and groups of authors to link information together, create pathsthrough related material, annotate existing texts and create notes that pointreaders to the same or other units of information. The term `hypermedia'is often used to describe a hypertext system that has been extended toincorporate other media, such as graphics, video or sound, in additionto text. There are a number of such systems under development both inresearch establishments and the commercial world (Conklin, 1987), but thereare as yet very few documented reports of their effective, or otherwise, usein education. One example that has been widely reported is the Intermediasystem (Yankelovich, 1988) at Brown University, which has been successfullyused to create educational materials in a number of subject areas includingEnglish Literature and Biology. Another is the StrathTutor project (Kibby andMayes, 1989), which is a hypertext system for exploratory learning.Intermedia has recently become commercially available but in the earlypart of 1988, when implementation of the project was due to begin, theavailability of commercial hypertext systems in the UK was extremely limited;the availability of `hypermedia' systems even more so. The only commerciallyavailable hypertext system was OWL's Guide (Brown 1987), which exists forboth the IBM pc and the Macintosh, but at the time, the software hooks toenable Guide to drive a videodisc player were not readily available. However,when Apple released Hypercard at the end of 1987, they also released aset of video drivers that enable a videodisc player to be controlled easilythrough Hypertalk (the programming language of Hypercard), and this madeHypercard a natural choice for the project at the time. Using Hypertalk andCSTR 90-2 3



4. THE HYPERTEXT INTERFACEthe appropriate video drivers, it is easy to de®ne a button that, for example,sends a command to the videodisc player to play a particular sequence.The way in which the Hypercard stack was set up to incorporate the videocommands and to include various other development utilities is documentedin Carr (1988).Hypercard is not generally classi®ed as a hypertext system. It was built andis used as a graphics prototyping and programming environment. Nielsen(1989) describes Hypercard as computationally active hypertext, clicking abutton causes a Hypertalk script to run. Thus the links are not necessarilyhardwired and the destination may be computed. It is the ability to easilyde®ne the action associated with a button via a Hypertalk script that makesHypercard such an adaptable environment for the development of multimediaapplications. Hypertext-like interfaces can be developed using words andicons, within the text and graphics, as buttons that activate links to othercards, or as references to items stored on other media such as video or soundsequences. The limitations of Hypercard for such applications are well-known. For example, current versions do not support multiple windows ormultiple fonts within a text ®eld. However, the ease with which it can beused to develop multimedia applications and the fact that it is freely availableon any Macintosh computer make it a very practical choice for education.The ®nal hardware con®guration for each workstation in the project wasan Apple MacSE computer connected to a Philips 415 videodisc player viathe standard RS232 interface. No genlock board is available for the MacSEso overlay of the computer output on the video screen is not possible.Consequently two monitors are used, one for the computer output and onefor the video image, but this is not a signi®cant disadvantage for the purposesof this project because there are many instances where the students need tosee a full-size picture in conjunction with text or graphics information on thecomputer screen. In the future we would like to extend the project to useMacII's and overlay boards to provide greater interaction between the userand the visual information. We also envisage developing applications withmultiple video windows and other advanced multimedia concepts. However,we still have much to learn about how students interact with even the simplesttype of hypermedia system.4 The Hypertext InterfaceThe network on which the original system was based, was designed by thebiologists to represent the interconnectivity of the video sequences on thedisc identi®ed as being of relevance to the topic of Cell Motility. Details ofthe biological content of the network can be found in Hall et al (1989). Thenodes of the system are cards in the Hypercard stack; these may containtext or graphics information and some of the graphics cards include simpleanimated sequences to illustrate particular biological concepts in a dynamic4 CSTR 90-2



THE HYPERTEXT INTERFACE 4.way. A major problem with Hypercard in its current form is the lack of properscrolling text ®elds. This forces the author to use continuation cards and tocompartmentalise information into card-length packages. This can be verylimiting but for educational purposes can be turned to advantage to ensurethat the information in the system is not too verbose and is well categorised.Key-words in the text, or sometimes in a separate icon, are highlighted inbold font to indicate that they are buttons which when clicked will activate alink to another piece of information in the network (text, graphics, animatedgraphics or video). One major issue that was not addressed in the ®rstimplementation of the project, is the problem of identifying for the user of amultimedia environment the type of information that they are about to accesswhen they click on a particular button. It is very frustrating to be launchedinto a video sequence when you are not really sure this is the informationyou wanted, or equally to click on a key-word that you assume will provideaccess to a video sequence but that turns out to be textual information only.There are a number of different approaches to the solution of this problem.Some are possible within Hypercard some are not. The only way suchinformation is available to our users at the moment is on the `map' of thesystem (see Fig. 1), which represents the network of nodes and links in thesystem and indicates which nodes are video sequences and which containanimated graphics. During the ®rst evaluation phase, this map was onlyavailable to the user in paper form. In subsequent phases of the project itwill also be available as an integrated part of the hypertext system.Apart from the `key-word' buttons within the text, the user only has to knowabout seven specially de®ned buttons in order to move around the system.These are all shown in the examples given in Fig. 2. There are two `return'buttons, one returns the user to the last card visited, the other returns the userto the ®rst card in the stack (the initial `menu' card). Forward and backwardarrow buttons are used to indicate further or previous associated information.Two of the remaining three buttons were introduced to help users navigatearound the system: these are the index and the contents buttons. Index andcontents lists are well-established tools for helping readers ®nd their wayaround sequential information and are just as effective for jumping quickly toa particular piece of information in a hypertext system. In this case the indexwas formed out of the words or phrases that appeared as buttons in the stack,that is the items about which some information is given or for which somecross-reference is made. The contents list was formed out of the titles of eachcard in the stack. Both were generated automatically using software toolswritten in Hypertalk and both can be used interactively to locate a particularcard in the stack.The last specially de®ned button was introduced as a result of commentsfrom students and staff during the implementation phase. They wanted theability to link the information in the cards (or on the video) to key referenceCSTR 90-2 5
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Figure 1: The Cytoskeleton and Cell Motility Map
(Reproduced from Hall et al [11], with permission)Fig. 1: The map of the system (reproduced from Hall et al.)
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Fig. 2: Example cards from the Cell Motility stackCSTR 90-2 7



5. EVALUATING THE PROJECTtexts or papers that they might normally use during the study of this subject.This prompted the inclusion of suggested references in a window, which isrevealed or hidden by clicking on the reference button. (In an ideal hypertextsystem, the actual references would be available as part of the system, ona CD-ROM say, but at the moment copyright issues are a major problem todeal with in this context. We plan in the ®rst instance to extend the systemto incorporate `in-house' research papers and lecture notes.)5 Evaluating the ProjectThis paper has described a pilot project that utilises Hypercard to implementa hypertext interface for interactive video, in order to create a learning andreference environment for undergraduate biology students. The project hasbeen a great success on a number of different levels, not least in promotinga very fruitful collaboration between the departments of computer science,biology and teaching media. At the very least, the system provides studentswith access to some excellent video sequences, at best it will help them tolearn more about their subject. But how do we evaluate the levels of successor failure of the system in an educational context?The current version of the system was used during the spring and summerterms of the academic year 1988/89 to complement the ®rst year Cell Biologycourse. Students attended their normal lecture course but were asked toattend an extra tutorial where they were given information about the systemand how to use it. The lecturer concerned also used the videodisc player insome of the early lectures to demonstrate the type of video material available,and suggest ed some introductory routes through the hypertext system thatparticularly complimented these introductory lectures. For this evaluationperiod, the system was set-up in one of the student laboratories, which wasnot on the most convenient site for most of the students. In future years, adedicated workstation area will be established in the Medical Library.Only one IV workstation was available for student use during this period.There were 79 students on the course and they were asked to use the systemon a reference basis. Booking sheets were available but since the course tookplace over a ten week period and the amount of material in the Hypercardstack was limited to about 250 cards and about 50 video sequences, therewas suf®cient time for all the students to have access to the material if theyso wished. Use of the system was not a compulsory element of the course.Each time the students used the system they were asked to ®ll out a shortquestionnaire designed to elicit their reactions to the technology, the softwareand the content, and to record information about the duration of time theyspent using the system. In this way we hoped to be able to monitor not onlythe students' initial reactions but also their changing views as they becamemore experienced in using the system. Additionally, observations were madeof students using the system and a small sample of students were interviewed8 CSTR 90-2



EVALUATING THE PROJECT 5.in depth.This evaluation study was designed to provide feedback on how users liked ordisliked the program and also to identify particular dif®culties that users hadin navigating around the stack. It was performed as preparatory work for anextensive three year project for the development and evaluation of softwarefor interactive video in the teaching of cell and developmental biology. Noattempt was made to assess the effectiveness of any learning which tookplace, through pre- and post- testing. Nor was there any direct attempt tocompare this mode of learning with others. At the time of writing, the fullreport of this study is in preparation (Sprunt et al, 1989) but the initial resultscan be summarised as follows.A number of lessons were learnt from this initial phase, not least of which wasthat a voluntary, unsupervised exercise for ®rst year undergraduate studentswith very full commitments was expecting too much of student enthusiasmand goodwill, no matter how motivating the environment and the software.After a very muted student response to the initial availability of the system,a further brie®ng session was arranged to encourage more student usage. Atthe end of the course, a total of 25 questionnaires had been completed and 15students had been observed and interviewed. Another factor that should betaken into account is that at Southampton there are very few Apple Macintoshcomputers available on public access and most of the students in this classwere unfamiliar with the Macintosh interface. Infact, very few of the studentshad used a mouse prior to this project and had to develop this skill beforethey could use the software. The more advanced features of buttons, scrolling®elds and `pop-up' windows also needed prior explanation. In addition tothese problems, the students had to learn how to turn the videodisc overwhen prompted, since both sides of the videodisc are used in the program,and this caused much confusion at ®rst. All these problems will disappearwith time as students become more familiar with the technology but theymust be taken into account during these intitial studies.The overall impression gained from observations and interviews with stu-dents was that despite the criticisms they articulated, the irritating bugs inthe software and the annoying idiosyncrasies of the hardware, neither thequality of the videodisc material and its related text, nor its overall valueas a teaching aid was strongly criticised. On the contrary, in the interviewsthe students conveyed considerable enthusiasm and interest in the mediumbeing evaluated. The quality of the video sequences far outweighed anyinconveniences caused by the technical hitches, although students did com-ment on the unfamiliarity of the structure of this medium compared to thecomfort and familiarity of the book. The majority of the students indicatedthat they would use the system again and would welcome courseware for awider range of topics.The questionnaire presented a mixture of positive and negative statementsabout the program and prompted the student for responses on a 5-point scale.CSTR 90-2 9



5. EVALUATING THE PROJECTThe 15 statements presented related to the program content, the educationalaspects of the program as a whole, the characteristics of the delivery system,and the support provided within the software. For those completing thequestionnaire, the responses showed a clear concensus of attitude towardsmost of the statements. An overwhelming majority of the students foundthe program to be an effective learning resource and an enjoyable formof instruction. Very few found the technology intimidating and only a smallpercentage found the two screen display distracting. All those who completeda questionnaire found that having reference titles displayed within the textwas a great advantage, and most of them considered the contents list and theindex vital for navigating through the text.However, opinion was divided about problems of disorientation within theprogram. Of the 25 responses on completed questionnaires, 10 agreed orstrongly agreed that it was easy to become disoriented within the program.Whilst the remainder disagreed or had no comment, clearly a signi®cant num-ber of the students had some dif®culty in navigating around the informationin the stack. It is dif®cult to tell whether this was due to lack of familiaritywith this type of software or whether there are inherent problems in eitherour hypertext model or hypertext techniques generally.In order to study the navigation problem and to monitor how the students areusing the hypertext interface and the video information, we have developeda software tool that logs each student session on the system. Since any suchsoftware tool must contain a model of the system, in order to monitor whichnodes are visited in each session and with what frequencies, the same toolcan be used to automatically create a map of the system. It has also beenextended to enable the author of a tutorial stack to build and display theoverall structure map of the ®eld of study showing the topics covered and tolink this to the map of cards in the tutorial stack. For follow-up discussionand evaluation, it can be used to display student paths through the structuremaps, and to automatically create a display of the total number of times acard or topic is visited as well as a display of the average times spent on eachcard or topic.This extremely powerful tool was introduced to monitor student use of thesystem towards the end of this initial evaluation study and the results willbe reported in the ®nal version of this paper. The Hypercard environmentwas used for prototyping the evaluation tool, but it is already clear that inthe ®nal version some of the analytical pre-processing tasks would be betterimplemented in another language such as C to improve execution times.In summary, we are extremely encouraged by the very positive responsefrom the students towards their ®rst exposure to a hypermedia system. It wasgenerally perceived by the students as being a useful aid for general revisionpurposes as they studied for examinations. However, in the next stage of theproject we will include material that the students will not have previously seenin lectures and make this a compulsory element of the course. Of course,10 CSTR 90-2



CONCLUSIONS 6.further evaluation studies are required to assess the novelty effect of both thevideodisc technology and the hypertext interface, and to establish how thelatter can be used to best effect in the learning process. Nevertheless, theresults from this preliminary study indicate that hypermedia can be usefullyapplied in an educational context and that it is worthwhile to generate furthermaterial for this medium.6 ConclusionsIn this paper we describe the implementation of a hypertext interface inHypercard to provide access in an educational context to video sequences.We do not claim to have solved the problems of creating and up-datinga generic hypertext/hypermedia system but we are attempting to analysethe advantages and disadvantages of hypertext interfaces for multimediainformation systems. Our implementation environment, Hypercard, hasits limitations but it does enable quite sophisticated information handlingsystems to be developed very quickly. The author of the Cell Motility stackwas a third year biology student (one of the current authorsÐGH) withno previous programming experience, who produced a working versionof the stack within 10 weeks of ®rst using Hypercard. However, we arenot inextricably linked to Hypercard and remain open to changes in thesoftware development environment in the future. Most importantly, all textand graphics produced for the project will be stored in a standard format suchas LATEX or SGML, so that it can be readily adapted for whatever hypertextinterface is chosen. Our philosophy in this respect is described in Rahtzet al (1989). This will also enable members of staff to incorporate lecturenotes and research papers into the hypertext environment as effortlessly aspossible.Of course, linking this material to video sequences is currently dependent onthe availability of suitable videodisc material. This is a serious problem, sincemaking a videodisc is a costly enterprise and with current technology it is notpossible to edit the video material created. However, this is no argument fornot making the best use of the video material already available and exploringhow to use this material to improve teaching and learning. As technologyprogresses it will become easier to create visual databases, both computergraphics and video based. It will become possible to network these images topersonal workstations and we will be able to manipulate pictorial informationwith the ease that we can manipulate textual information today. Clearly aninternational effort is called for to create and share visual databases in manydifferent subject areas and for all levels of education. The developmentof satellite technology will enable us to readily transmit and up-date suchinformation around the world. There are no language barriers to pictorialinformation.Even given this utopia, we have to create the software environments that willCSTR 90-2 11
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