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Abstract.

As computer science was developing as a discipline it was often a part of a mathematics department
and the dudents of computer science studied the usua firg year mathematics course. At our
university, dudents traditionaly enter a specidist discipline specific degree (rather than a more
generd faculty based program with a “mgor in a discipling’ dructure). As a result, the mathematics
for computer science students in first year has evolved into two mathematics courses which are
designed and run specidly for them.

For many years the computer science students did not study the usud first year mathematics which
could be varioudy described as a combination of pre-caculus, caculus and linear agebra or as
engineering mathematics They took a discrete mahematics course which now includes an
introduction to coding. As the demand for IT related courses has increased, severd versons of
computer science, software engineering and IT / multimedia programs have been developed.
Innovaive ddivery incdudes completdly online ddivery (through Open Learning Audrdia, OLA)
and a modified online delivery with on campus face to face support of Learning Fecilitators a our
Vietnam campus. Online ddivery through a further platform for off-shore courses are planned with
the Globd Univergties Alliance, GUA.

In response to a request from computer science, a new “Mathematics for Computer Scientists’
course was designed and run in first semester 2001 in Mebourne and aso in the (different dates)
fird semeder in Ho Chi Minh City. This course (one quarter of the semester’s work) includes
cdculus and an introduction to linear adgebra It is dedgned to give the students some of the
mathematica background necessary to do graphics.

With the ddivery in Vienam of both Discrete Mathematics and Mathematics for Computer
Scientists, we darted to explore how the teaching and learning of the mathematics courses for
computer science students, particularly a our Ho Chi Minh City campus, could be enhanced with
some videos prepared by us. At a offshore campus, teeching in English, a video includes audio
which gives the students the opportunity to hear a native spesker discuss the topic. Videos have
been used widdy in teaching: see the comprehensve paper “Virtud Collaborative Learning” by
Spudc et a. (1999).

For the Discrete Mahematics course, the last section on coding is not the traditiona textbook
materid and so we videotaped a presentation of the ideas by following a structured set of examples.
For the Mathematics for Computer Scientists course, we sdected several topics to illudtrate
applications to computer science. Our experience with the implementation and student feedback
(viasurvey form) is discussed.

Mathematics Subject Classification (2000): 97U80, 97C80



1. Introduction

The mathematicians a RMIT have been very active with the development of innovative courses
and teaching. For about a decade, a particular interest has been the usage of the software packages
Maple and Mathematica in teaching and research as we fundamentdly change the way we teach.
Our incorporation of Maple has included some firs year courses [1-3] but mosly higher year
courses [4-9]. Since 1998, our mathematics program has included computer laboratory sessons
(usudly usng Maple but dso other software such as Matlab toolboxes or commercia software
Finite Element Method packages — as appropriate) for dmost every course.

Recently we have been developing some of our courses (dtarting with the first year courses) for
online ddivery with various ddivery platforms. The Discrete Mahematics course for the computer
science students has been designed and successfully ddlivered completey online (with very postive
student feedback) for severa years [10]. An outline of this course is given in the next section of this

paper.

Videos have been used widdy in teaching and two comprehensive papers [11,12] have extensve
references. The fird paper discusses educationa issues and ingructional  technology, producing
some guiddines for the goplication of technology to education and introduces a new methodology
cdled Tutored Video Ingruction, TVI (as developed and implemented a Stanford University). The
second paper introduces a virtud implementation of the TVI approach and uses a virtud
collaborative learning modd. These two papers are highly recommended reading. The key dement
is that a tutor-facilitator leads a smdl group who watch and frequently stop the video to discuss the
subject matter. This engagement of the sudent with the materid is most important and can be
achieved in various ways (other than the traditiona tutorid). In our experience with Maple
assgnments we have found that one way of the encouraging “engagement” is to provide paper and
pencil tasks linked with the Maple tasks [8].

We dated an exploration of how the teaching and learning of the mathematics courses for
computer science students, particularly a our Ho Chi Minh City campus, could be enhanced with
some videos prepared by us. One dtractive fegture is the audio which gives the sudents the
opportunity to hear a native speaker discuss the topic. Also, topics not widely treated in textbooks
can be supported. We chose topics of two kinds. Firgly, the coding theory materid (see sections 2
and 3 of this paper) and the Gaussian dimination materia (see sections 4 and 5) is concerned with
examinable work. Secondly, the rest of the Mathematics for Computer Scientists video-tape
presents topics which are motivationd in that the materid per se is not on the course but indicates a
computer science gpplication. For example, the log function is used.

An attractive feature of the TVI approach is that the video used is just a video-tape of alecture. We
quote William Sutherland (see the Preface of [12]):

‘... the “authoring task” for [TVI] is Smple videotgpe an exiding (even boring) lecture. There is
no “multi-media’ software extravaganza required to create interesting and visua course content to
retan the interet and involvement of a solo student. The [TVI methodology] depend on the
dynamic interaction of the participants for the involvement and attention of the students rather than
the polish of the course materid. A tape to teach even a smdl number of sudents is an affordable
undertaking.’



The TVI video-taping can be contrasted with the usua video production where a team of people
caefully script a performance that is video-ed by a full production unit. This can result in a very
polished video, but it is expendvel The video is often supported by sructured tesching materids
(for example, see [13]). We want to achieve the low cogt of TVI, but suspect that some
accompanying teaching materid and/or tasks could enhance the learning environment.

The production of a video to support the teaching of (the last section of) the Discrete Mathematics
course is discussed in section 3 of this paper. In September 2001, RMIT started teaching &t its new
Vietnam Campus. The new course MA263 -- Mathematics for Computer Scientists was offered in
the fird semester of operation a RMIT Vienam in Ho Chi Minh City. This course includes
cdculus and an introduction to vectors and matrices. It is outlined in section 4 and the video(s) and
triding of the video is discussed in section 5 of this paper.

2. Discrete mathematics

MA159 is the fundamentd discrete mathematics course which services students of Computer
Science and Information Technology. The subject condsts of three mgor parts. Logic; Graphs and
Trees, and Algebra, Languages and Coding.The course had its genesis in an earlier subject known
as Computing Foundations, which was taught by the then Department of Computer Science to its
own students. In 1988 that Department asked the Department of Mathematics to take over the
subject and to present it in arigorous mathematical way.

The Logic pat of the subject is foundationd, in that it guides dudents to a more systematic
approach to problemsolving. It has direct applications in Proof of Program Correctness, the design
of Expeat Sysgems, and the andyds of adgorithms by means of finding solutions to Recurrence
Reations. Indirectly it contributes to a more sructured way of thinking on the pat of students,
which helps to make them skilled and highly competent professonals.

The section on Graphs and Trees presents one of the most fundamenta tools for representing
concepts in computing and communications. It covers methods of finding optima and sub-optima
agorithms, finding planar representations of graphs (which is linked to the development of screen
graphics), converting expressons between infix, prefix and podfix forms, efficently encoding
languages, and many other gpplications.

The final part of the course, on Algebra, Languages and Coding, introduces agebraic structures and
thar gpplications in computing ahd communications. It demondrates the use of dgebra in
language theory, and then develops systematic methods of encoding data for the accurate
transmisson of messages. The materid on error-detecting and error-correcting codes is barely
covered in the standard text books on Discrete Mahematics. It is an area of study with links to
information security, where RMIT mathematicians have been developing a great ded of expertise
and obtaining much internationa recognition in recent years.

The subject MA159 is now very widely taught (under various names) by RMIT's Depatment of
Mathematics. It is a very successful and popular course delivered on-campus as wel as online
through Open Learning Audrdia (OLA), and has dso been packaged for ddivery through the
Global Universty Alliance. It has been dudied by students mgoring in Mathematics, Computer
Science, Information Technology, Information Security, Psychology and Intellectua Disability, and



General Science.  Its online presence is congtantly being improved trough the incorporation of new
technology to produce more effective displays of the key mathematical concepts in Discrete
Mathematics. In Vietnam, Discrete Mathematics is delivered dectronicaly but with a lot of face-to-
face support.

3. Discrete mathematics and our first video(s)

We have a lot of experience teaching discrete mathematics both on-campus and online (with very
positive student feedback). Since this course was running in Vietnam, we decided to produce some
videotape support for the part of the course that is not well covered in most of the textbooks: the
coding theory. As this was our firg attempt a producing videos, we readily accepted help from our
Learning Technology Services group. Key items of advice were tha, firdly, the video needed good
lighting with a carefully controlled smdl area of whiteboard which was to be written on. Secondly,
the audio needs specid attention so that a qudity audio reproduction can be achieved. The services
of an experienced camera person was offered and accepted and we produced the videos of six
“sessons’ following a structured set of examples. These were copied and fitted onto one normd
180 minutes VHS video tape which was sent by courier up to RMIT Vietnam.

Due to various andl time ddays which were cumuletive, the video arived in Vietnam a the dart
of the last week of teaching. This was a busy time and, in the event, the video was not used by the
dudents. However the mathematics Learning Facilitator, Dr Nguyen Phuong Anh, and some of the
teachers of English viewed the video to provide some (positive, neutral and negative) feedback:

+ the explanation is quite clear and understandable

+ itispossbleto usethe video

0 thelearning facilitators can do dl of “that”, and be interactive

- therhythm wastoo dow

- the board/screen (focus) istoo small.

The podtive comments are welcome, but the negative comments were ones that we concurred with
and addressed in our second attempt at video production.

The teechers of English are familiar with the use of video, so there is a wedth of experience to draw
upon. However it gppears that the video used in English courses are usudly production standard
(that is, professond standard) and we are trying to avoid the high cogts of this type of video. In the
teaching of English, the video can be used for a variety of purposes and to seed severd learning
taks. this does not easly trandfer directly to mahematics. Nevertheess the provison of
coordinated and structured tasks is worthy of condderation. It is used with the videos produced at
UTS [13] and this gpproach was, to some extent, used with our Gaussan Elimination video as
discussed below.

The “neutrd” comment regarding the learning fadilitators doing it (and interactivdy) is a
compliment to the academic daff. However we are endeavoring to provide “additiond” specidist
support for online and remote delivery.

The gpproach taken in producing the video materid followed a research and development cycle
whereby we firs developed materias based on our own ideas and examples of good practice,
evaluated these maerids as used in a teaching Stuation, then incorporated the results of this



feedback into the redeveopment of the materids for the second teaching experiment. Such an
approach has been widdly used in mathematics education research projects where the focus is on
practica teaching dtuations. Gravemejer [14], for example, uses the labed "developmentd
research” and describes this type of research and development activity as “purposeful tinkering.”

4. MA263--Mathematics for Computer Scientists

In response to a request from computer science, a new “Mathematics for Computer Scientists’
course was designed and run in firg semester 2001 in Mebourne and dso in the (different dates)
firg semester in Ho Chi Minh City. This course (one quater of the semester’s work) includes
cdculus and an introduction to linear agebra Amongst other things it is desgned to give the
sudents some of the mathematical background necessary to do graphics. The course was ddivered
eectronicdly in Vietnam. The Blackboard course information link gave, in great deail, the
Teaching Schedule, Course Content (tied closdly to a prescribed text), Assessment Tasks, Exam
Information and Extra Tutorid. The students attend the campus and so the Learning Facilitators
provide alot of face-to-face support and teaching with smdl groups (of Size about 12 to 15).

5. Thevideosfor MA263

Mathematics for Computer Scientists, MA263, has been taught by us face-to-face on campus in
Melbourne and (for some sections) aso in Vietnam. In class, severa agpplications to computer
science were mentioned or treated briefly. These include projections and homogeneous coordinates
(for graphics), binary search counts and information theory (where the log function occurs) and
dgorithmic complexity (Cramer's rule and Gaussan dimination). The dudents were enthusiastic
about these “digressons’. The dudents in Vietnam even went 0 far as to comment that the
discussion of gpplications in a mathematics class was a new experience for them.

Given that these gpplications are not usudly found in the texts for this fird year level mathematics,
we decided to produce videos deding with these applications. We did not follow the TVI
methodology in that we taped a specid performance for the camera with a few of our video group
providing an audience.

In regard to our firgt videos (on coding theory), we agreed with the feedback that the focus of the
camera on a small part of the whiteboard gave a clear picture of high quality, but the video was very
datic and boring. We decided that our second attempt would be with the camera back further so that
a larger pat of the whiteboard would be avalable and the lecturer would be seen with some
animation as the lecture was presented. We aso decided that we would use our own anaogue video
camera and do the whole of the production oursaves. This resulted in videos that were much more
lively, dthough the qudity of the picture and the sound was lower. We used a TV monitor and
decided that the video and audio quality was of an acceptable standard (given the equipment used
and the fact that thiswas our firgt “in-house’ production).

We produced a 16 minute video on each of binary search counts and information theory (where the
log function occurs). The topics ae NOT on the course. We aso produced a 45 min video
introducing the Gaussan diminaion method (which is on the course) and extending the discusson
to amention of Cramer’s rule and a discussion of operation count



For the Gaussan dimination, a handout was produced (usng Maple) — a condensed verson is
reproduced in Appendix 1 (with the origind Maple section formeatting removed and the content of
most of the sections aso removed). Note that a number of exercises are included in this handouit.

5. The M A263 videos viewed
5.1 Observations

The videos we produced could be improved with some extra lighting and the audio aso needs
improvement primarily by more care by the lecturers to avoid low volume commentd We will
investigate the use of radio mikes to help with audio qudity. We did use a TV monitor and the
quaity seemed adequate (even though it could be better). These problems very grestly exacerbated
by the conditions under which the videos were viewed in Vietnam. Initidly a multimedia projector
was used in a room with very high light levels (and no blinds to control the brightness). The
lighting and audio were disgppointingly poor. When we used a room with blinds and a large and
high qudity TV, the brightness and audio volume could be adjusted to give acceptable
reproduction. Our fina sesson used a smal TV monitor in a bright room and the presentation was
again compromised. This affected the students' responses to our survey.

In the future, careful scheduling will need to be employed to ensure that the viewing conditions are
a ther best (with a room with blinds and a large and high qudity TV). Ancther difficulty
experienced on this occason was the compressed time frame: the vigting professor was on campus
in Ho Chi Minh City for one week. Thus each class used three of their five sessons for the week
paticipating in the video sessons. This was less than ided snce an optima use might have used
about four (partia) sessions over afour week period.

To ensure careful observation, collection of forma and informa feedback and to develop the
collaboration between our campuses, it was useful to have one of our Mebourne team on campus in
Ho Chi Minh City. However since the visting professor also appeared in some of the videos, it did
lead to sessons where the observing professor was the presenting professor in the video being
viewed!

Thus a number of “environmental” factors contributed to a srong contamination of our evaduation
of our firg trid. This is not an unusud circumdance Lesh [15] comments that mathematics
education research has increasingly come to recognise that "students, teachers, classrooms, courses,
curricula, learning tools and minds ae dl complex systems — taken dngly, le done in
combination.” We cannot evaduate the effectiveness of certain teaching experiments in isolation but
need to consider the impact of the various other environmenta factorsinvolved.

5.2 Student feedback

We initidly desgned a dudent survey form of 24 items which was a modification of a 44 item
survey [8] we designed and used to investigate student attitude to the Maple component of another
course. However we decided to reduce this to 3 test items plus “Any other comments’. This
minimaist approach was taken for two reasons. Firdly, the videos were going to be used atypicdly
(for the firgt time) during a one week period. Asking the students to dso complete a comprehensive
feedback survey form seemed a little unreasonable. Secondly, the more detailed survey would have



been an overload because of the English used (even though dl of the course in Vietnam is
conducted in Engligh). This form and the summary results are given in Appendix 2.

The feedback on Question 1. “I found the video interesting” could be characterized as mixed
negative / neutra. On Question 2: “The video helped me undersand the mathematics better” the
responses were “baanced”. A number of negative responses can be understood given the conditions
and the “environmenta contamination” (as discussed above). Many of these problems are expected
to be addressed in afuture usage of videos.

Although not digtinguished in the feedback survey form, informa feedback indicated that there was
less enthusasm for the videos on the binary search counts and the information theory introduction
than for the Gaussan Elimination video. The former videos were on nonexaminable (but
motivationd) materid. However our experience & our Mebourne campus has been that this
materid was well recalved by the students. Part of this difference in response might be culturd, but
part is due to the difference in student backgrounds. students in Mebourne (unlike those in Ho Chi
Minh City) have undertaken some study of probability a school before coming to universty. The
video discussing an information theory introduction uses a sum of terms like p log(p) to find an
expected number of bits of information. The students in Vietnam were not as well prepared to be
able to appreciate the discusson (and the video production team was unaware of this — but are
aware now).

The responses to Question 3: “I found it useful to stop the video and discuss things' were fairly
poditive. This was despite the fact that the presentation was rushed: one session with the 2 videos on
the binary search counts and the information theory introduction meant that there insufficient
stoppages of the tgpe to encourage student engagement with the materid. We did a little better with
the Gaussan dimination material which was spread across two sessons (and had an accompanying
hand-out). However we would normaly expect to follow more closdy the advice in [11] to have
smdl groups and stop the video (very) often and it appears that the students appreciated this point..

Conclusion

The two mathematics courses (Discrete Mathematics and Mathematics for Computer Scientists)
have a very good record with on-campus and online ddivery. We identified areas (gpplications) that
are not usudly covered in the standard texts and produced some videos — initidly for use & RMIT
Vietnam. The production and the viewing environment can be improved. The trid reported here
was influenced by the presence of a professor involved with the video presentation being present &
the Vietnam tridls — an atypical occurrence. The students were critical of some aspects of this video
support, but we believe that the difficulties can be resolved. Although we did not quite follow the
TVI gpproach [11,12], it certainly was our ingpiration.

The cods associated with the high level production of videos (such as in [13]) provides part of our
enthusiasm for an gpproach which is closer to the TVI approach. The TVI agpproach has aso been
very successful. We believe that some videos can be developed to successfully provide some
specidist support for courses being delivered online or otherwise remotdy or “flexibly”. The work
needed to undertake innovative teaching developments is difficult without the kind of support that
we enjoy from our colleagues— in Mebourne and Ho Chi Minh City — and we thank them.
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Appendix 1 — Condensed handout for Gaussian Elimination, Cramer’s rule and operation count

®RMIT

[INIVERSITY MATHEMATICS % MA 263

Solving linear equations - solve A x=b
Gaussian elimination

Example - manipulate equations
Example - row operations (Gaussian Elimination)
Multiple Right Hand Sides
Exercise - different RHS
Exercise - determinant
Exercise - Gaussian elimination
Another Exercise - Gaussian elimination
I nver se matrix
Operation Count - Optional

for Gaussian elimination

for Cramer'srule

The comparison
multiplicative operation count
3

Gaussan dimination: % about 400 for n=10
Cramer'srule (n+1)! about 40,000,000 for n= 10

Since the computational time depends on the multiplicative operation count, Cramer's rule takes an
enormous amount of time to compute and so is NOT used in practice

Factorial n for largen
EXERCISE:



Appendix 2 - VIDEO-TUTORIAL FEEDBACK

NOTES:
. The video tutorials were done during the week starting M onday 24'" June 2002 (3 50-min
sessionsfor each group of about 15 students).
Total number of survey forms handed out: 24.
Total number of completed survey formsreceived: 17 (71% response).
Totd number of gudentsin MA2070: 37 (2 groups).

Please place atick againgt each statement according to the scale strongly disagree (SD)
up to strongly agree (SA). There is dso space to make a comment after each question.

SD SA
1. | found the video interesting [ 1 [ 8] 7] 1] o]
Comments:
The quality (picture, sound) of the video is bad. The video must be clearer (6 Students)
The screen istoo smdl Q)
The video provided more knowledge about maths applications than the textbooks @
Why do we wetch the video while having a professor standing next to us? @
Just s0 so Q

SD SA
2. The video helped me understand the mathematics better o6 7]4] o]
Comments.
Worse than reading a book or teaching @
Need more maths agorithms that can be applied in Comp Sci Q)
The sound is not clear. Sometimes have to guess what the video is about @
Some of the things the lecturer said are beyond the students capability to understand (1)

SD SA

3. | found it useful to stop the video and discuss things [ o]4a]a]4a] 5]
Comments:

It's good to stop the video and discuss, as there may be some problems that are hard to
understand 4
Sometimes useful Q)
A little bit useful Q)
Discusson makesit difficult to follow the video (77?) Q
4. Any other comments?

Comments.

Thetak inthe video is boring. Want to go to deep Q

The video should have gth funny or some applicationsin red life @

Can't ask when the video is being played Q

Need more activities (not just listen to the lecturer) 1)

Prefer face to face lectures @

Need a better video Q)

Should have video tutorid weekly/bi-weekly because it is useful (2




