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A DEBATE ON THE TEACHING OF INTRODUCTORY
COMPUTER SCIENCE

In this essay, | will discuss the issues relating to the teaching of computer science that wer
raised in the article "A Debate on Teaching Computer Science" [Dijkstra et al 1989]. The
structure of the paper is as follows: first | will briefly summarise Dijkstra's contribution and
his reply. | will do this to illustrate what | consider to be his main points. | will then discuss
the relevance of these points to the teaching of computer science. In the section after that
will summarise the points raised by the other contributors. As many points were repeated, |
will give an overview of all the issues raised and discuss them. In the final section | will
address some issues that were not raised and bring together my conclusions.

Dijkstra originally presented the talk at the ACM Computer Science Education Conference in
February 1989 and it was decided to print the text of the talk in CACM with other computer

scientists entering into the debate. The editor of the Communications of the ACM, Peter
Denning introduces the debate by describing Dijkstra as challenging "some of the basic
assumptions on which our curricula are based" [Dijkstra et al 1989].

Dijkstra's basic position is that computer science consists of two radical novelties and that
this has implications for the teaching of computer science especially introductory

programming courses for first year students (I will use the terms "first years" and "first year
students" to replace the term "freshmen"). A radical novelty is such a sharp discontinuity in
thought that existing approaches cannot be used to reason about it and it is necessary

approach a radical novelty with a blank mind. The two radical novelties in computer science
are the depth of conceptual hierarchies that occur in computer science and the fact the
computers are the first large scale digital devices. Radical novelties require much work to
come to grips with, and people are not prepared to do this, so they pretend the radica
novelties do not exist. Examples of this in computer science are software engineering anc
artificial intelligence.

Dijkstra investigates the scientific and educational consequences, by examining what
computer science is. He reduces this to the manipulation of symbols by computers. In orde
for meaningful manipulations to be made, a program must be written. He then defines a
program as an abstract symbol manipulator, which can be turned into a concrete symbo
manipulator by adding a computer to it. Programs are elaborate formulae that must be
derived by mathematics. Dijkstra hopes that symbolic calculation will become an alternative
to human reasoning. Computing will go beyond mathematics and applied logic because it
deals with the éffective use of formal methods" [Dijkstra et al 1989]. He points out that this
view of computing science is not welcomed by many people, for various reasons.



Dijkstra makes a number of recommendations for education. Bugs should be called errors
since a program with an error is wrong, and lecturers should avoid anthropomorphic
terminology as it causes students to compare the analog human with discrete computer ar
this leads to operational reasoning which is tremendous waste of time. When attempting tc
prove something about a set, it is better to work from the definition than with each individual

item in the set. The approach can be applied to programming as well where programs can k
reasoned about without dealing with specific behaviours of the program. The programmer's
task is to prove that the program meets the functional specification. Dijkstra suggests that ar
introductory programming course for first years should consist of a boolean algebra
component, and a program proving component. The language that will be used will be a
simple imperative language with no implementation so that students cannot test their
programs. Dijkstra argues that these proposals are too radical for many. The responses that |
expects, are that he is out of touch with reality, that the material is too difficult for first years,

and that it would differ from what first years expect. Dijkstra states that students would

quickly learn that they can master a new tool (that of manipulating uninterpreted formulae)
that, although simple, gives them a power they never expected. Dijkstra also states tha
teaching radical novelties is a way of guarding against dictatorships.

In his reply to the panel's responses, Dijkstra points out that this is only a recommendatior
for an introductory programming course for first years. He notes that functional
specifications fulfil the "pleasantness problem" - whether the product specified is the product
wanted -, and the proof fulfils the "correctness problem" - whether the product implemented
is the product specified and that these two problems require different techniques. He admit:
that the choice of functional specification and notation is not clear. He addresses concern:
about the possibility of a more formalised mathematics and gives a number of reasons for hit
belief that it will be developed. Well chosen formalisms can give short proofs, logic has not
been given a chance to provide an alternative to human reasoning, heuristic guidance can t
obtained by syntactic analysis of theorems and informal mathematics is hard to teach becaus
of things like "intuition", whereas symbol manipulation will be easy to teach.

In this section, I will discuss some of the issues raised by Dijkstra. He has described the twc
radical novelties of computer science and he uses this as a justification for approaching the
discipline with a blank mind, because previous knowledge cannot help in the understandinc
of computer science. He later advances an approach to computer science that involves takir
a mathematical approach, by using existing techniques of predicate calculus to prove tha
programs meet their specifications. This would seem to contradict his argument that one
cannot use the familiar to reason about a radical novelty.



Generally it is accepted that to restrict thinking to one particular framework is undesirable,
and leads to the formation of dictatorships. Dijkstra's argument is that students taking the
introductory course should only think in the specified way. In my opinion, different

approaches to a topic can only help comprehension of that topic. A point raised in a numbe
of letters that appeared in later issues of Communications of the ACM is that different
students approaching learning new concepts in different ways and that teaching should cate
for this [Bernstein 1990; Herbison-Evans 1991]. Dijkstra also seems to have a general
suspicion of tools, even those that can help students (or professionals) better understand
topic. A more pragmatic issue is that some students doing an introductory course at
university will already have been exposed to programming and therefore operational
thinking. How are these students to keep their thinking "pure” when doing Dijkstra's course?

Dijkstra's approach to teaching seems to be one of training not education. He wants to teac
students doing an introductory course, a rigid set of rules and that set of rules only. This doe:
not leave room for intuition, judgement and discussion, which all relate to education. He also
emphasises the need for a specific skill without grounding it in any larger context.

One of the participants, William Scherlis, raised the question of why use an imperative
language if operational thinking is to be avoided. Luker raises the point made by Turner and
Backus that variables and assignment statements in imperative languages make verificatic
difficult [Luker 1989]. A rigorous formalism could be introduced using a functional
programming language (or perhaps using a formal language that does not relate to
programming language) and an understanding of the use of formalisms could be related t
various issues of computer science and mathematics. This would give a broader area ¢
application for the course.

Dijkstra states that learning to manipulate uninterpreted formulae would be satisfying for a
first year student as it would "give him a power that far surpasses his wildest dreams". |
believe that a course of this kind would consist of boring and repetitive work that would
become mechanical, as it is training and not education. It could give a student a sense ¢
power, but only in a limited domain, and as | understand the course that Dijkstra has
outlined, this knowledge could not be applied to other domains within computer science.

Dijkstra states that operational reasoning is a waste of time, however proving programs ca
be very time consuming (except with very powerful techniques that might be developed in
the future). Currently there is no formalism that is powerful enough to allow for short proofs
and generally proving that a program is correct is a very tedious job. [De Millo et al 1979].



| can agree with the basic theme of Dijkstra's recommendations. | do perceive that there is
lack of rigour in introductory courses in computer science. However | would not approach
changing the curriculum as Dijkstra does and | do not think his suggestions have really
challenged any basic assumptions about curricula. | feel that he is pandering to the view o
"computer science is programming"” by using program verification as a tool for developing
rigour. | find it problematic that the more formalised mathematics required for proof have not
yet been developed, as the current techniques seem insufficient. In my opinion, it would be
more beneficial to introduce students to the concept of formal proof of programs and then
discuss the current limitations of the approach. | would prefer an computer science discrete
mathematics course to be presented during the first year curriculum, such as the suggestiot
made by Marion [Marion 1989]. In this course, rigour can be introduced but the material
covered is related to computer science as a whole and not only to programming.

In this section, | will summarise the responses to Dijkstra. A number of panelists agreed with
Dijkstra's general conclusions although most people disagreed with his argument to justify
the conclusions. A number of panelists also responded to his attack on software engineering
The responses that follow are those that relate to the teaching of computer science. |
engineering education both proof and testing are necessary techniques and are not taught
alternatives. Students require exposure to the whole process of software engineering. Dijkstr.
does not tackle the issue of formalisation (capturing a real world problem in a formal
specification) and the fact that formalisation is difficult. Mathematical proofs are not found
by symbol manipulation but by trial and error using intuition and any other tools that will
help. Dijkstra is trying to restrict modes of thinking but intuition and operational thinking can
help solve problems. There are a number of different approaches to programming such a
imperative, functional and logic. Dijkstra's language is imperative and cannot be scaled up.
Students need to be exposed to set theory and predicate calculus which can be used in bc
formal and informal proof, but there is more to computer science than symbol manipulation.

Most panelists lost track of the fact that Dijkstra was careful enough to discuss his thoughts
in terms of a first year course only and their discussion related mainly to issues of definition
of computer science which are beyond the scope of this essay. However this did bring our
very clearly that there is a lot of debate about what computer science is and what should b
taught . This debate has been continued recently by the ACM Task Force on the Core o
Computer Science [Denning et al 1989] and ACM/IEEE-CS Joint Curriculum Task Force
[Tucker and Barnes 1991].



My general feeling about this debate is that it did not address general issues of teaching
computer science. In fact Dijkstra limits himself to discussing an introductory programming

course and does not discuss the impact of this course on the rest of the curricula. The deba
relates predominantly to the teaching of programming, a pervasive part of computer science
(see for example the section in the Task Force on The Role Of Programming [Denning et a
1989]), although | believe that the main issue was about rigour and formalism in introductory
courses. In the Core of Computer Science Report and the Curricula 1991 Report, there is
heavier emphasis on theory in the curriculum than previously, however the issue of where i
should be placed in the curriculum was not discussed. | think that it has generally beer
agreed that rigour is necessary for a computer science undergraduate curriculum, but | thin
that the question of how the rigour is to be taught is still an open area and it is important to be
aware that students have different learning styles. In my opinion, an essential point for any
introductory course teaching rigour is that it must relate the material taught to the rest of
computer science so that the students can appreciate its place in the curriculum and it
relevance to the field.
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AN EXTENSION TO THE ACM DEFINITION OF
COMPUTER SCIENCE

In this essay, | will investigate the possibility of adding a third dimension to the two-
dimensional grid used to define computer science by the ACM Task Force on the Core of
Computer Science [Denning et al 1989]. The third dimension would show the interaction of
concepts such as social responsibility, ethics and parallelism with the subareas. The outlin
of this essay is as follows; | will first briefly describe the classification given by the Task
Force and the decisions used to achieve this classification. In the second section | descrik
the suggestion that was presented at the discussion of the Computer Science Education cla
| will next describe the approach | took to formalise the concept of the third dimension and to
identify which subareas belong on this dimension. | then argue for the fact that social issues
in computer science should be placed on the dimension of subareas and not on the thir
dimension. Finally | discuss some other omissions and then present the final classification.

One of the Task Force's three aims was to present “a description of computer science the
emphasises fundamental questions and significant accomplishments” [Denning et al 1989]
The approach of the Task Force was to give a short definition and then to divide the field into
subsections. The Task Force developed a two-dimensional grid to divide computer scienct
into subareas. The first dimension has three areas or processes: Theory, Abstraction ar
Design. Each of these describe how practitioners of computer science achieve their goals
and these three areas also relate the discipline to the areas of mathematics, science a
engineering respectively. For the second axis, nine subareas were identified. These are
follows:

algorithms and data structures

programming languages

architecture

numerical and symbolic computation

operating systems

software methodology and engineering

database and information retrieval systems

artificial intelligence and robotics

human-computer communication

The criteria that were used to distinguish subareas were “underlying unity of subject matter,
substantial theoretical component, significant abstractions and important design and
implementation issues” [Denning et al 1989]. The Task Force also thought that it was
preferable that each subarea be linked with a research community or group of researcl
communities that produces literature in that area. Figure 1 illustrates this two-dimensional



matrix. The Task Force Report notes that certain subareas for which there exist literature an
research communities, do not appear because “they are basic concerns throughout tf
discipline” [Denning et al 1989]. These areas contain theory, abstraction and design anc
occur in all subareas. The examples given are parallelism, security, reliability and
performance evaluation.
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Figure 1. Definition Matrix of Computing as a Discipline [Denning et al 1989].

The suggestion that was raised in the Computer Science Education class was that a thir
dimension should be introduced to the matrix to allow for these ‘orthogonal’ subareas to be
explicitly captured, so that the disparate items that are spread across the second dimensic
are actually listed in such a way that they are not forgotten or ignored. This would give
greater cohesion to the discipline. This would be similar to the way that the first dimension of
theory, abstraction and design unifies the field by recognising all its facets. The third
dimension would enable those subareas that do thread through the nine given subareas to
recognised as distinct in their own right. Figure 2 illustrates this idea (In the figures that
appear in the rest of the document the nine subareas will be represented by the digits 1 to 9).

The approach | took was to investigate previous classifications of the field of computer
science. The ACM Task Force referenced the Computer Science and Engineering Resear
Study (COSERS) [Arden 1980] and therefore | did not use this report. Another classification
system is th&€€omputing ReviewgCR) Classification System [ACM Guide to Computing
1990] which was developed from a Taxonomy of Computer Science and Engineering [AFIPS
Taxonomy Committee 1980]. | decided to compare the classification done by the Task Force
with the CR Classification to see if there are any other subareas with should be placed on th
third axis, or if any fields have been totally omitted from the classification.
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Figure 2. Suggested alterations to the definition matrix.

The major difference between the CR classification and the Task Force classification is the
section on social and related issues. In the CR classification this is section K, Computing
Milieux and it deals with the computer industry, history of computing, computers and
education, legal aspects of computing, management of computing and information systems
the computing profession and personal computing. Dunlop and Kling are critical of the Task
Force Report because it omits social analysis from its definition of computing [Dunlop and
Kling 1991]. The ACM/IEEE-CS Joint Curriculum Task Force which investigated
undergraduate curriculum and worked from the Report of the ACM Task Force on the Core
of Computer Science, found it necessary add an undergraduate course to deal with sociz
context of computing [Tucker and Barnes 1991, Denning et al 1988].

This area of social context could be added on any one of the three different axes. | will
investigate the approach that was taken in Computing Curricula 1991 which is interesting
because of the introduction of a third and possibly a fourth dimension. The underlying
principles that are used for the curricula are as follows:

“From the subject matter of the nine areas of the discipline, this article

identifies a body of fundamental material called tkhemmon

requirementsto be included in every program. The curriculum of each

program must also contain substantial emphasis on each of the three

processes, which are callditeory, abstractionanddesign In addition,



this article identifies a body of subject matter representing the social and
professional context of the discipline, also considered to be essential to
every program. Finally a set of concepts that recur throughout the
discipline, and that represent important notions and principles that remain
constant as the subject matter of the discipline changes, are an important
component of every component of every program.” [Tucker and Barnes

1991]

1 |
2 |

3 |
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5 1
6 |
7
g -+
9 T

Theory Binding
Absiraction O ncentud aomd modes
Desgn Consstency and completeness

Efficiengy

Evolution

Levels of abdraction

Ordering in space

Ordering intime

Reuse

Security

Trade-offs and consequences

Figure 3. An interpretation of the underlying principles for curriculum design
(excluding social context of computing).

The common requirements relate to the subareas, and the processes are as previous
explained. The criteria for a recurring concept are that it occurs throughout the discipline, has
a variety of instantiations and it is not technologically dependent. Most of the recurring
concepts also occur in each subarea, and have instantiations at the theory, abstraction ai
design levels. | have interpreted these recurring concepts as a different third dimension a
shown in Figure 3. Note that this third dimension consists of concepts whereas the third
dimension suggested earlier in the paper consists of subareas. | will remain with the origina
idea of a third axis of subareas as opposed to one of concepts.
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The question still remains of where to put social context. Tucker and Barnes do not classify it
as a recurring concept. However they both juxtapose it with theory abstraction and design
and give it an extra common requirement along with other subareas that were defined. So on
option would be to add it as a new process on the first dimension and a second option woul
be to add it as a new subarea on the second axis. A third option is to add it to the thirc
dimension of Figure 2. The fourth option is to add another dimension to the diagram but |
believe that this would make the whole definition too complex. My personal feeling is that it
should be added as a subarea as | feel that it fulfils the criteria for this and also because if |
were added to the third dimension of subareas it becomes difficult to identify the issues tha
relate to a particular subarea on the second dimension. It is therefore necessary to define tt
theory, abstraction and design issues that relate to the social context of computing. Many o
the ideas presented here are from Dunlop and Kling [Dunlop and Kling 1991]. The social
context would be subarea 10 in the Task Force’s classification scheme.

10. SOCIAL CONTEXT OF COMPUTING

This area deals with placing the discipline in a social context. Fundamental
questions include: What is the social impact of computing? What code of
behaviour should computing professionals adhere to? How can computers
strengthen democracy? How should computer scientists be educated?

10.1 Theory

Major elements of theory in the area of the social context of computing are:
Philosophical questions relating to computing.

Ethics.

Health issues.

Democratisation, employment, class, gender and race issues.

. Educational theory.

10.2 Abstraction

Major elements of abstraction in the area of the social context of computing
are:

Educational issues.

Codes of conduct.

Critical computer systems.

Social impact of technology.

ok wbdPRE
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10.3 Design

Major elements of design in the area of the social context of computing are:
1. Curriculum design.

2. Reduction of health hazards when using computer equipment.

3. Design of critical computer systems.

4. Evaluation of social impact of technology.

There are two other fields that the CR classification contains - simulation and modelling, and
text processing - and also a section called Computer Applications that are all omitted from
the Task Force Report. The application of simulation to computers could be added to the
third dimension which consists of subareas and in some sense modelling is captured in th
Abstraction column. However, the actual field of using computers for simulation as opposed
to using simulation to understand computers is not orthogonal to the other subareas on th
second axis; in fact it is distinct. However it could be treated as an application of computers.
Text processing could be placed in the Human-Computer Communication subarea whict
seems to be a catch-all for the topics that were omitted. Section J of the CR Classification it
Computer Applications and it is too wide to try to bring into the existing framework. It could
however become a list separate from the definition matrix that would allow for description of
these applications.

To return to the three-dimensional model that was proposed, | have not found any more
subareas that could be added to the four suggested by the Task Force Report, name|
Parallelism, Security, Reliability and Performance Issues. The suggestion was made tha
social issues and ethics be added to this dimension, however | feel that | have made a stror
case for adding it as a subarea on the second dimension. The next stage of this process is
elaborate on the details of each block in the three dimensional matrix, as was done for th
two-dimensional matrix. This is beyond the scope of this essay, but | would like to note that
it is possible at this level for certain blocks to be empty, i.e. for there to be no material that
relates all three dimensions together given a specific process and two subareas. Another iss
is that the three dimensional matrix does not replace the matrix given in the Task Force
Report. It gives more detail about the discipline and allows for subareas that do not appear o
the second dimension to be explicitly represented. The classification scheme given by the
Task Force Report remains as is except for the addition of the Social Context of Computing.

In this essay, | have attempted to formalise the idea of a third dimension for the classificatior
of the discipline of computer science. The ‘orthogonal subareas’ have been added as a thir
dimension and social context of computing has been added as a subarea. Although there a
many ways to restructure the classification of the discipline, the approach taken in this essa

12



has given more detail and depth to the definition of computer science which will allow for a
better understanding of the discipline.
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A COMPARISON OF TEACHING METHODS

In this essay, | will look at both the lecture method and participatory methods and suggest a
an alternative a third method that incorporates the advantages of the two styles when teachin
large groups. This third method does have disadvantages - as will any teaching method - an
these will be described. I will first outline the underlying argument and then give the details.

The basic argument rests on the fact that lecturing is as good as any other method fo
imparting information to students, however it does not promote thinking. Active or
participatory methods help to engender thought skills, however they tend to reduce the
content that can be covered in a fixed time period and they require small groups for
effectiveness. An alternative method for large groups, which allows the use of participatory
methods and reduces the amount of lecturing, is a method whereby students preread th
material required for the course. This allows lecture times to be used for presenting difficult
concepts (if necessary) and the remaining time can be used for participatory methods. Thi
method thereby ameliorates the disadvantages of the two opposing methods given above ar
also gives abilities to students that they should have once they graduate. The mair
disadvantages associated with this method are that courses need to be prepared in advan
well-trained tutors are required for small group work and students must be mature enough tc
cope with this type of self-teaching approach.

Bligh [Bligh 1972] looks at the experiments done pertaining to lectures and draws two

conclusions, namely that lectures are as effective as other methods for transmitting (factual
information, but are not as effective as other methods in promoting thought. McLeish notes
that the lecture system (using only lectures to present materials) gives “effective training for
passing exams” and presents a number of experiments that question the efficacy of th
lecture system [McLeish 1968]. Lectures can stifle self-expression and it becomes difficult
for students to keep concentrating. Note-taking can be a good skill to develop, however it is €
complex skill and it is susceptible to errors and can inhibit the absorption of information

[Yorke 1981]. One of the main advantages of lecturing is that it is an efficient method of
communicating informations to students, i.e. one teacher can teach a large number o
students [McLeish 1968].

Jones [Jones 1987] notes that “participatory teaching methods may help by developing
students with greater depth and breadth of thought”. The methods that Jones advocates a
brainstorming, directed dialogues, small group discussions, role playing/drama, games, pane
discussions, debates and Socratic dialogues. These methods are discussed in various place:
the literature about the teaching process in higher education [Newble and Cannon 1989
Yorke 1981]. Jones raises a number of limitations of these methods, namely that the lecture

14



is required to do more preparation, less content can be covered with the class, class size a
arrangement becomes important and strategies must be developed to ensure all studer
participate. He suggests that in a large class, only the top students should take part and tt
mediocre students will benefit from listening. | find this unacceptable firstly as | believe all
students should leave university with these skills of presentation and argument, or at leas
have the opportunity to acquire them. Secondly, it is also difficult to determine who the top
students will be in advance.

Newble and Cannon [Newble and Cannon 1989] argue that small group activities can take
place in a lecture theatre of any size, if the students are to work in relatively small groups.
However, | believe that this would make it difficult for a lecturer to facilitate discussion
within groups, as the lecturer would not be able to get physically close to a group in the
middle of a tiered lecture theatre with fixed seating.

In the Computer Science Education discussion, the two experienced lecturers in the grouy
pointed out that they liked participatory methods, but that to them it seemed difficult to use
these methods with classes of 80-120 students. | would like to suggest a method of presentin
Computer Science courses that allows the use of participatory methods for large groups
There are courses that are based on similar concepts presented in the literature [Hills 197¢
Yorke 1981; Keller and Sherman 1974].

The crux of the approach is to leave the bulk of the content work to the students, i.e. it would
be up to the students to have prepared the necessary work beforehand, therefore cutting dov
the number of lectures that are required. This in turn allows more time for participatory work,
generally in small groups. It should be noted however, that there is extra time required by the
students for preparation of work as compared with the lecture method. The lectures can b
reserved for explaining difficult material that occurs in the curriculum when necessary. This
material could be identified in advance by the lecturer, or by the tutors and students as th
course proceeds.

There would be a number of weekly slots and at the beginning of each week, the types o
presentations that would be occurring could be announced. Students who have covered tr
work that is being dealt with in lectures would not need to attend, however all students would
be urged to attend tutorials and labs. Students that have not prepared the necessary work
advance would be unable to contribute, and a mechanism is required to ensure that studen
do not fall behind. For this, | suggest well-trained counsellors to help students allocate their
time correctly and also a self testing procedure that allows students to evaluate their progress

15



This approach has a number of implications, those that relate to the establishment an
running of the course and those that relate to students. The course needs to be established
advance. It is not possible for a lecturer to run the course on a week-to-week basis, preparin
the material as needed. As much material is required, it would be advantageous for the cours
to be set up to be used for a number of years. Yorke gives some guidelines for developin
these materials [Yorke 1981]. This however requires some kind of curriculum stability,
which seems to currently be lacking in the field of computer science, but the ACM
Computing Curricula 1991 [Tucker and Barnes 1991] will help to give a basis from which to
work. In computer science departments that are currently re-evaluating their curricula, it
could be possible to design a number of courses in advance and to prepare the material fc
them. If an evaluation procedure for courses is instituted, it would become easier to re-
evaluate and modify the courses when it becomes necessary.

As the aim of this method is to introduce more participatory work, which is generally small
group work, it would be necessary for tutors to be employed. These tutors should be well
trained, dedicated and committed to their jobs. It is necessary for the member of staff taking
the course to let the tutors know what exactly is required of them and what teaching
techniques could or should be used. A weekly meeting session between the lecture
presenting the course and the tutors would be used for the lecturer to describe the goals to t
achieved in the week’s teaching and also for the tutors to give feedback to the lecturer. Thit
two-way communication is essential for the lecturer to stay in touch with what is happening
with the students. The structure for this is suggested in Reges et al [Reges 1988]. The lectur:
should be available for consultation and to observe or to take tutorials. The course should b
run as a joint effort by the tutors and the lecturer, and it should not be the case that the tutor
take on all of the teaching load.

The students need to be motivated to achieve the goals set for them. It would be likely tha
first year students would find this more difficult, especially if they have just left a school
environment. The course outline should include a clear list of how far a student should
should have progressed by a particular date, and how much time the department expects tl
student to spend on a particular section.

Students that are having problems reaching these deadlines could have problems for tw
main reasons. The first reason is that they are missing some crucial background and the:
could be remedied by extra tutorials or lectures. The second reason could be that they do n
have the ability to organise their time or to use it effectively. This could be solved by having
an accessible counsellor that can help the student develop these skills.
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It could be argued that students are not mature enough to handle such an environment. Th
can be countered with a statement from the ACM Task Force on the Core of Computer
Science Report that states “the curriculum should be designed to develop an appreciation fc
learning that graduates carry with them through out their careers” [Denning et al 1988] and |
believe that if students are not encouraged to deal with self-directed study then they are nc
working towards achieving this goal.

When doing the reading for this essay, | became aware of a large body of researct
investigating teaching methods used in higher education. It is beyond the scope of this essa
to evaluate my suggestion fully with respect to the literature and | have only touched upon
some of the issues.

| have presented a suggestion to accommodate the use of participatory methods when dealii
with large groups of students. It requires that each student learns the skills that enable th:
student to study independently and then to use the information from this study in an
interactive environment. This would allow for courses that consist of large numbers of
students and that encourage thought through participatory methods.

Note Some of the above views relate to my own experiences as an undergraduate wher
lectures seemed to be an extreme waste of time. | would have preferred to have the whol
course at the beginning and to have worked through it at my own pace.
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HYPERTEXT AND HYPERMEDIA

Recently there has been much hype about hypermedia especially with respect to its
application to education. | would like to take a more cautious look at the implications of

hypermedia for education. The general focus of this essay is to investigate problems raised i
the literature about using hypertext, hypermedia and multimedia for teaching, primarily with

reference to tertiary education. Since these are general issues that relate to teaching tools
will not specifically discuss the teaching of Computer Science. When | was reading the
literature, | discovered that it was often difficult to determine what type of interaction the

student was expected to have with the hypermedia, and | will present a classification schem:
that describes 8 different levels of interaction. | will give some examples of hypermedia
systems that are used for teaching and classify them according to the eight levels. Finally |
will outline some problems that occur when using hypermedia in teaching.

First | will give some definitions of hypertext and hypermedia/multimedia. Jakob Nielsen

uses the following definition:

“Hypertextis non-sequentially linked pieces of text and other information. If the focus
of such a system or document is on non-textual types (for example graphics, sound,
moving images from videodisks, executable programs) of information, the term
hypermedias often used instead. In traditional printed documents, practically the only
such link supported is the footnote, so hypertext is often referred to as “the generalisec
footnote”.” [Nielsen 1988]

Marchionini differentiates between hypermedia systems and the products of such systems:
“The term “hypertext” describes the electronic representation of text that takes
advantage of the random access capabilities of computers to overcome the strictly
sequential medium of print on paper. “Hypermedia” extends the nonlinear
representation and access to graphics, sound, animation, and other forms of informatiol
transfer. To distinguish between the hypermedia system used to create and displa
information, and documents created and used with this system, the term
“hyperdocument” is used to refer to the actual text, lesson, or product.” [Marchionini
1988]

Hyperdocuments consist of nodes and links. Nodes contain information, and links are

relations between pieces of information in the nodes. Links can be unidirectional or

bidirectional. There are a number of different hypertext and hypermedia systems and they
take different approaches to implementing these principles. | will not discuss these
differences in detail.
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Often it is not clear for what level of interaction, educational hypermedia systems are

designed, and | have developed a classification system to describe these different types «

interaction. (a) is the most restricted type of interaction and (h) the least restricted. The
classification is as follows:

(a) The user follows a predetermined path. This is a linear approach and is also called
guided tour [Trigg 1988]. It can be useful when introducing users to a hypermedia
environment.

(b) The user chooses a path. This is called navigation and relates to browsing [Marchionin
and Shneiderman 1988].

(c) The user “trail-blazes”. This means navigating a path and storing it for other users to
follow.

(d) The user employs non-hypermedia search techniques such as Boolean connectives, strit
search and proximity limits. This relates to fact finding [Marchionini and Shneiderman
1988].

(e) The user adds new links between pieces of information. This allows other users to follow
new paths.

(f) The user adds new information to nodes, without adding new links. This is called
annotation although this term is sometimes used to refer to (g).

(9) The user adds new nodes and new links to an existing hyperdocument

(h) The user creates a new hyperdocument. This is called hypermedia authoring ol
composing.

| will now investigate some hypermedia systems that are used for teaching and classify ther

according to the above list.

* Multimedia Works allows students to create their own hyperdocuments using a small
database of text, pictures and video clips related to a given topic [Pea 1991, Soloway
1991]. They do this in small groups and then present the final product to their classmates
and teacher. A major problem that | see with this approach is an emphasis on presentatio
as opposed to content. It also seems a very expensive and very time consuming method «
learning. The fact that it is time-consuming is not necessarily a criticism, if it can be
shown that it is an effective method of learning. However this has not yet been shown.
Multimedia Works is aimed more at primary and early secondary education. This would
be classified as type (h).

» The Perseus Project is an interactive hypermedia system that is managed as a journi
[Crane and Mylonas 1988]. Its emphasis is material concerned with Greek civilisation. Its
aims are for first year students to learn to use material in an analytical way, and to build
an environment in which different kinds of knowledge are accessible. | think that some
filtering mechanism is needed, especially when there is very technical and detailed
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knowledge required for experts present in the hyperdocuments, as first year students ar
likely to want more simplified knowledge. This is classified as (b).

» The use of hypermedia in computer science has generally been related to programming
using HyperTalk, the scripting language of HyperCard [Katz and Porter 1991; Fritz
1991]. This can be classified as (h), however the emphasis is more on the process o
scripting the hyperdocuments than on the final hyperdocument.

* A plant cell biology course and English literature course have been implemented in
Intermedia [Yankelovich et al 1988]. There were 8 authors, and 80 students using the
hyperdocuments as browsers. This is a type (b) interaction, although some students di
create their own documents. Intermedia provides webs which contain a subset of nod¢
and link information and users can add node and link information to their own webs.
Intermedia therefore allows all interaction types.

» Project Jefferson is a hypertext system to assist first year students in writing assignment:
about the American Constitution [Parsaye et al 1989]. Students browse the hyper
document and can “take photographs” of information found and then use that information
in the word processor that is provided. This is also a type (b) interaction.

Although the above list is not complete, it seems that most hypermedia educational system
are geared towards browsing (b) or full authoring (h). | feel that the other types of interaction
especially (c) to (g) offer scope for further development.

A number of problems that relate to using hypermedia for teaching have been identified in
the literature and | would like to discuss these briefly. There are three areas that will be
discussed - navigational support, authoring of hyperdocuments for teaching purposes an
learners’ usage of hypermedia.

It is easy for users to become “lost in hyperspace” or disoriented. Wright [Nielsen 1989b]
identifies five navigational issues:- going to a known place, going to an ill-defined place,

going back, going somewhere new and knowing how much information there is. These issue
can be resolved by providing navigational support. Navigational support can be given by
overview mechanisms which allow the user to see “where” they are and filtering mechanisms
which restrict which nodes and links a user can access. Filtering becomes even more
important when users can add their own links, as a hyperdocument with too many links is as
bad as one with too few.

Blattner and Dannenberg [Blattner and Dannenberg 1990] note that currently hypermedia
composition is intuitive and that not enough is known about the design of hyperdocuments.
Wright points out that the cognitive costs on authors is high [Nielsen 1989a], therefore it
would be undesirable for teachers to have to create their own hypermedia, in fact experts ar
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required to design hyperdocuments [Morariu 1988]. If the aim of hypermedia is to cater for
different styles of learning, then designers must ensure that they do supply these capabilities
Teachers also need the tools to assess learner progress and to check that the student has
gained incorrect concepts in their self-directed learning [Morariu 1988]. Marchionini
[Marchionini 1988] notes that hypermedia gives learners freedom of choice, but that
educators must now develop methods for learners to manage this choice.

One of hypermedia’s claims is that it models human associative memory [Marchionini 1988],
however as it is not known exactly how humans’ learn, this cannot be verified. Waller
[Nielsen 1989a] points out that there will be cultural problems in coming to grips with new
types of media and that it will take time for the full implications and usage to emerge.
Students will need to develop new skills to be able to deal with hypermedia and this will be
problematic as there are no role models to learn these skills from.

Hypertext, hypermedia and multimedia appear to be interesting tools to use in education,
however their implications are not fully understood and they should not be seen as a panace
for all educational ills. Only time will tell what the full application of these tools will be, and
their advocates need to remember that “the goal isn't multimedia, but effective
communications” [Grimes and Potel, 1991].
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