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Some difficulty may be anticipated when given a new subject to teach with a week’s notice.
Matters are not improved when the subject is allocated only one third of the usual time and no
practical component whatsoever. Trying to teédchintroduction to Software Engineeririg

third year electrical engineering students in only a one hour lecture per week was going to be a
challenge. Under these circumstances a little lateral thinking does not go amiss. To create an
environment that would generate the enthusiasm necessary to give students a chance of a satis-
factory and lasting learning experience, it was necessary to supplement the potential boredom and
alienation of the one hour lecture disconnected from immediate practical application. To attempt
to achieve this goal it was decided to use a team design project approach with some differences.
This paper describes the project and the differences in objectives and organisation; it will outline
the initial analysis of whether the desired goals were achieved; and will also detail some unantici-
pated, potentially beneficial, outcomes.

INTRODUCTION response to a questionnaire in another subject, when
asked:
In many cases the voice of the instructor has barely
ceased before some students begin hammering away
at the keyboard in an attemptwgite the program
that has just been given as an assignment. The need
for students to receive immediate gratification for their only 11% replied that they would do the exercises in
programming efforts in the form of code entered into order to learn and understand (with the probability that
the computer can sometimes prove to be an irresistthis knowledge would reap rewards in the end of se-
ible force. This approach fporogrammingcan be-  mester exam), but 84% would do the exercises for
come a habit, especially for those students who do nothe immediate reward of a mark [3].
intend to specialise in computer engineering, and who  Software engineering is more about planning, struc-
have reached their current levelefpertisehaving  ture and long-term, rather than immediate, benefits,
only ever tackled straight forward, well-defined pro- etc. For these and many other reasons software engi-
gramming problems. neering can be a difficult subject to teach. Realising
This hands-on only for immediate rewardyp- their program design using only paper and pencil re-
proach to programming can indicate that these stu-quires discipline by the students to keep their hands
dents have adopted a purely surface approach to learraway from the keyboard; it can be seen as merely an
ing, a problem that has been noticed already [1][2]. Inesoteric exercise and can be beyond the grasp of many.
, The lecturer needs to be able to demonstrate the con-
* An expanded version of a paper presented atl#te

UICEE Annual Conference on Engineering Education ~ C'€t€ advantages of trevftware engineering ap-

* This paper was awarded the UICEE gold award (third proachin order to encourage students to forget the
grade), by popular vote of Conference participants, for thehabits of a lifetime and to adopt a deep approach to
most significant contribution to the field of engineering learning instead.

education Laboratories and tutorials are normally the places

If at the end of a class a lecturer told the
class to do certain exercises before the next
class...
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where the theoretical ideas from lectures are fleshedTable 1: Skills and attributes requested by employers.
out to give students the practical experience neces-

sary to reinforce the concepts and to show how the Skills Requested Attributes Requestgd
theories work in theaeal world. Unfortunately, the
author was allocated one hour per week of lecturgl 1 | Oral Communicatio] Motivation

time to teach an introduction to software engineering| 2 | Written Initiative

to third year electrical engineering students. Softwarg Communication

engineering lectures without labs or tutorials can ap-| 3 | Managing Commercial

pear to be incorporeal. To create an environment thal Awareness

would generate the enthusiasm necessary to give sty-4 [ Analytical Creativity

dents a chance of a satisfactory and lasting learning 5 | Leadership Energetic

experience, it was necessary to supplement the pot6 | Computer Ambitious

tential boredom and alienation of the one hour lecturg 7| Interpersonal Self Starter

disconnected from immediate practical application. |8 | Teamwork Enthusiasm
Motivation is an essential force in the teaching- | 9 | Research Hands on Approacip

learning process. In a word, it was vital to motivate | 10 | Supervision Innovative

these students, because only through motivation would 11 | Organising Results Orientation

it be possible to get them to voluntarily direct extra | 12 | Negotiating Flexibility

time and energy into a subject that did not offer im-

mediate rewards [3]. in 1992 to analyse newspaper advertisements and cat-

egorise the top twelve skills and attributes sought by

employers. The results are shown in Table 1 [7].
As well as attempting to meet the immediate needs
rather thartrained, and that they are prepared to of the mtrodugtlon to software engineering subject, it
was felt that it would be appropriate to try to make

fulfil a life-long, meaningful role in society, it is nec- the student ¢ £ th broad
essary to consider the broader preparation of the stu- € students more aware ot Some of these broader,

dent to meet the needs of society. Recent commennon-technical skills required of a professional engi-
taries on Australian higher education, such as Disci- <o In society. In order to attempt to achieve some of

pline Reviews, the Aulich Report, publications by the these goals,' it was dec!ded to use a team design project
Business/Higher Education Round Table and approach with some differences or novel aspects, the

NBEET, note that employers are looking for gradu- '€430NS for which are oqtlmed below.

ates with more than subject competence [4]. They A Well structured project can develop and exer-
require people who are also analytical, creative think-CiS€ many of the skills that it would be desirable for
ers, attuned to the need for life-long learning, flex- OUr Students to possess: oral communication, team-

ible and good communicators who are also sensitivé’V0Tk, managing, leadership, written communication,
to social contexts [5]. A 1992 report by the Busi- INterPersonal, supervision, organising and negotiating.

ness/Higher Education Round Talelucating For Add to this the fact that it is a computer-based topic
Excellence stated that all graduates should ideally @"d You have aimostall the skills required by employ-
have: ers shown in Table 1.

The concept of using team-based projects to de-
velop generic as well as specific skills is not new.

BROADER GOALS OF THE SUBJECT

In order to claim that our students aducated

... high order skills in the areas of written

and oral communicati.on, have weII-de_veI- Schlimmeret al describe similar goals in their paper
oped interpersonal skilldand be]numeri- Team-Oriented Software Practicuf@]. The envi-
cally and economically literate... ronments in which the projects took place were, how-

Engineering is a discipline with a particularly strong €ver, considerably different; they had considerably
vocational flavour. The review of engineering educa- more resources with respect to:

tion (theWilliams Repoit concluded that Australia
had a fairly good system of engineering education, but
that:

Curriculum hours: several hours per week for four
years vs one hour per week for one semester.

Manpower resources: one staff member plus two
) _ S _ graduate students for nine students vs one staff
tion to developing the communication skills member for 24 students in the first year of opera-
of their students. [6]. tion and one staff member for 45 students in the
The Higher Education Council commissioned a study  second year of operation.

... engineering schools paid too little atten-
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THE PROJECT the same simple statement of User Needs. Teams were
told that designs should be considered as submissions
In the first year that the subject was under the au-or a tender, and that there would be competition be-
thor’s responsibility, the students were given a semestween the teams for the best design. A second novel
ter-long project to produce Requirements Specifi- aspect was to let students experience both sides of the
cation Documen{RSD) as a major assessable com- customer/contractor equation. This was designed to
ponent of the course. This particular year there weresnsure that students saw the transformation of a sim-
24 students in the subject, and they formed four groupslistic statement of User Needs into an RSD from two
or project teams of six per team. Each team was giveRjifferent viewpoints. Each team had to act as the cus-

the same outline of the User’s Needs, a summary otomer for another team who were acting as the con-
which follows:

A certain university lecturer (who shall re-
main nameless) is having terrible difficulty
keeping computer programs and files clas-
sified in an organised way. The lecturer has
nearly 1,000 floppy disks, both 31 and 53
inch, in both double and high density for-
mat. To compound the problem, these floppy
disk archives occur for several different for-
mats, ie MSDOS, MS Windows, OS/2 and
UNIX. The disk files contain original com-
mercial programs (some duplicated over sev-
eral versions), backups of the originals,
freeware programs, shareware programs, the
lecturer’s own programming files (usually
organised with respect to the subject for
which they were originally intended),
Internet news articles, mail articles and vari-
ous text files. The programs were written in
various programming languages represent-
ing the lecturer’s interest therein, but also
included are games of various types, word
processing, spreadsheets, database files and
images in different formats, eg GIF files. All
of these various files etc are for teaching,
research or private purposes.

Your task is to help to solve the lecturer’s
problems by conducting a requirements
analysis and specification for the problem.
Remember that if you do this job really well,
it may have commercial possibilities.

tractor, eg team A was the customer with team B act-
ing as their contractor, and team B was the customer
with team C acting as their contractor etc. At the time
of the presentation each team had to prepdfesa
tomer Reporfor their own contractor on whether or
not the customer’s needs had, in fact, been met. They
knew what they had done to meet their customer’s
needs, but had their contractor done enough to meet
their needs as a customer? This hand written one page
report was handed in on the day after the presenta-
tions, and formed part of the assessment of the subject.
The contractor’s submissions were eventually ranked
from first to fourth, and marks allocated accordingly.

Novel aspects during the second year of
operation

In the second year that the subject was run, ie with a
new cohort of students, there were 45 students in the
class. They were again formed into four teams of
roughly the same size. This time the project involved
taking the RSD, ie the tender submission document,
from one of the previous year’s project teams, and
producing a Design Document from it. Teams drew
lots to decide which RSD they would be working from.
This time the teams did not start on an equal footing
as some of the RSDs from the previous year were
better than others. There was no customer/contrac-
tor interaction this time because each RSD was dif-
ferent. Each team, however, would have to completely
understand their own RSD before being able to trans-
form it into a Design Document.

The tasks were allocated in the first week of the 13
week semester. Teams were required to hand in a on€HE PROJECT TEAMS
or two page preliminary design in week 9, and were
required to make a co-ordinated, formal presentationWith guidance on maximum and minimum numbers,
of their design in week 12 or 13. Every team memberstudents were able to select their own teams. For the
was required to deliver part of the presentation. Indi-purpose of this subject we can define several broad
vidual contributions to each team'’s presentation had tcethnic categories as follows:

be comparable in time span and complexity. 1 Southern European

Novel aspects during the first year of
operation

2 Northern European
3 Middle Eastern/North African
All teams started on an equal footing, each was giver#d South-East Asian
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Table 2: Ethnic mix of the design teams. mono-cultural (each in its own way); while team F
was very diverse indeed.
Category
Team 1 2 3 4 THE PROJECT ASSESSMENT
A 4 1 0 1
B 0 1 0 5 Students sometimes learn very effectively from inter-
C S 1 0 0 action with others, as in a team project. Some are
D 0 0 2 4 better than others at certain things angiéup
E I 2 0 0 mentoringoccurs, this can help to develop a similar
g g g é 130 level of expertise in the rest of the team. The opposite
H o 0 0 10 can also occur however. Some students can hide be-

hind the expertise of others and not learn for them-
In the first year of operation there were four teamsselves. Sometimes the better prepared students will

(Ato D) and a total of 24 students. In the second yeaIFry f[o.protecttheir less well-prepared colleagues from
there were again four teams (E to H) and a total of 4gnd|V|QUaI aqd, thereby, team embarras;ment by at-
students. Table 2 shows the ethnic mix of the team§emIOtIng to intercept assessment questions and an-
across the two years of operation of the subject. swle:r or:hbehalf of the tfaam.b h iact

There was no particular intention to investigate the or In€ reasons noted above, the project assess-
effect on team performance of ethnic mix when this ment was designed to encourage full participation by

particular subject was first developed, although theaII team members, team collaboration, confidence

author has had the opinion for some time that ethnicWlthln the team and competition between the teams.

and cultural integration, rather than ghetto-like segre-The foIIowmg criteria were actually used to assess
gation into single culture groups, would be more ben-the presentations:
eficial for the vast majority of our students. From Ta- 1. Introduction
ble 1 it can be seen that the majority of skills required  Fy|| team participation
by employers relate directly to, or rely upon, students’
fluency in English. In culturally diverse groups, Eng-
lish would probably be the only common language.
(This is not restricted to groups of any particular back-5. Consistency
ground, as in another subject one team comprised ong. Individual presentations
student of Cambodian descent who speaks only Cam,
bodian and English, and one of Viethamese descent N _
who speaks Vietnamese, Chinese and English.) Theh addition to these standard features, two more crite-
need to communicate to other team members wouldi@ (8* and 9%) were used, and these were different
therefore require students constantly to practice theifor €ach year. In the first year the assessed compo-
English skills, and, as the old saying gogsctice ~ nents 8* and 9* were as follows:
makes perfect 8*. The other team’s mark

It \{vould appear that team A was the'most cultur- 9* The inclusion of cost information
ally diverse, but in fact the one student in category 4
was an Australian student of Chinese descent whose In the second year of the project the assessed
family have been living in Australia for three or four components 8* and 9* were:
generations. He has av.etIgastr'aIianoutIook on life _ 8*. Adherence to their own RSD
and has no language difficulties at all. The most di-
verse team was actually team B. The one category
member was a strong individual, as were a couple of
the category 4 members, and this, it was later revealed,
resulted in the occasional healthy exchange of views. Table 3 shows how the teams fared with respect
While they were not exactly rivals, two of these three to the assessment criteria. (Note: the sheer numbers
were natural leaders and, as can be seen from theinvolved in the second year of operation made com-
results indicated in Table 3, the group benefited fromparisons between the two cohorts of students very
the healthy interaction of these two team membersdifficult as it obviously affected work breakdowns, time
They led by joint example and both insisted that all management, etc. For this reason, direct comparisons
team discussions should be in English. between team performances have been kept, as far

In the second year, teams E, G and H were almosas possible, within each year, with relative compari-

Quality and use of visual aids
Breakdown of workload

Time management

?*. Fixing oversights/incorporating changes, ie correct-
ing and updating the RSD from which they were
working
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Table 3: Results obtained vs assessment criteria.

Assessment Criteria

Team| 1 2 4 5 6 7 *| O
A B|A |B'|B|B|B|A|[B'|D
B |[BB|/A|B|B|B|[B|A]|B|A
c |B|A|B|B|B|B|B|C]|]A
D |[B|A|B]|c|B|lc|lc|lc|D
E clclA|Cc|C|A|A|A]|C
F C|A|A|A|C|C|A]|B]|C
G |Alclc|lA]Jc|A|lcCc|lC]|A
H |B"'lc|/Blclclc|lC|B|A

sons of general trends across the years subsequenthecome self-sufficient and able to compete with their
made.) peers on an equal footing. For them it is a matter of

A quick analysis of the results shown in Table 3 pride to be seen to hadene itfor themselves and not
suggests that in the first year (ie teams A to D) teanto need favours. It is easy to see, therefore, why stu-
B looks to have performed best overall, and in thedents with language difficulties would benefit from
second year (teams E to H), team F has achieved working with students with a greater degree of lan-
similar overall advantage with respect to their peers.guage proficiency. The benefits for the latter group

are relatively obvious when one takes the time to think
AN ASSESSMENT OF THE ASSESSMENT about it.

It is very easy to sound as though you know what

As the presentations and reports produced by teamgouy are doing, while, at the same time, hiding behind
A to D were being marked, patterns appeared to behe technical jargon of a subject. It is only possible to
developing. For the less diverse teams, it was dlfflCUItstnp away the technical facade, however, and present
to |dent|fy the real contribution of individual members a topic in a very simp|e’ easy to understand fashion
of the team. It was easier to |dent|fy the Originator of when you rea”yjo know what you are doing. In this
separate components from the most diverse teameam-based project, with all team members willing and
Team B’s presentations appeared to be individual efeager participants, all students had the need to com-
forts that had been co-ordinated and channelled tOmunicate their own part of the project to the rest of
wards satisfying the team’s goals. During assessmenge team. To do this it would be necessary to replace
in the second year, this type @ifected individual-  the jargon and simplify the topic to ensure that all could
ismwas particularly looked for. follow.

In the second year, one team originally scored very  wjithin the team, students would be seen as role
well in category 5consistencyin the presentations. models and experts on their own parts of the overall
The presentations from this team actually appeared tgyroject. Since students usually wish to impress and
be almost homogeneous; they were slick, with greainot disappoint or fail their peers [3], and without even
cohesion and singularity of style. There was some Iaclq;,eing aware of the fact, they would have to adopt a
of individualism in their presentations however, the rea—deep approach to |earning rather than a surface ap-
son for which became apparent later. Their mark hadyroach [1]. A surface understanding of the topic would
to be adjusted afterwards when it was revealed thahot permit the summary, rewording, simplification and
one team member had virtually prepared scripts for thegjternative explanation strategies necessary to com-
other team members to use in their own presentationsnunicate efficiently within a more culturally and tech-

As observedabove, as far as language and com-pjcally diverse team.
munication skills are concerned, the more practice the  After the project presentations, in the second year
better. At Victoria University of Technology, figures of operation, it was decided to interview some mem-
show that up to 40% of students are from non'EngliShberS of some teams (F and G) to get feedback on the

speaking backgrounds, and that many of our studentgeam-based project idea as a whole, but more specifi-
come from th@lsadvantaged\/estern suburbs. It has Ca”y to gain a better |ns|ght into factors such as:

beenthe author’s experience, however, that the better , )
students do not wish to hide behind the tagishd- *~ Each team's mode of operation
vantaged and would rather take every opportunity to - Communication within the team
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Reasons for electing to be in that team, or for a-
team to allow an individual membership of the team

A team leader was elected, who thereafter allo-
cated workloads (as it turned out, to a much finer
level of detail than he should have done), co-
ordinated the team and made most of the decisions.

Some team members were very active and con-
tributed wholeheartedly to the project, several oth-
ers were exceptionally passive, showed no initia-
tive and would only do exactly what they were told
to do, and then only after considerable pressure
had been applied.

Some had tried to form teams with non-Asian stu-
dents in order to enhance their own English skills,
but had found that manuropean Australians
were not patient enough to cope with students who
had language problems and wanted to practice their
language skills.

Interaction within the team and between teams, etc

Another objective was to find out if any of the learning
experiences noted above actually occurred, and if they,
or any other factors for that matter, had had any signifi-
cant bearing on why some teams (ie the more diverse
ones) had performed better than others.

Interview with team F

The informal interview with team F may be summa-
rised as follows:

Team membership was work related, not just be-
cause they were friends.

Individuals had confidence in their team mates be-.
cause the team members had similar work styles,
attitudes to completion and all wanted to contribute.

Sub-teams were formed and tasks allocated, and
sub-teams assisted other sub-teams that were deal-

Some thought that they worked extra to overcome
their language limitations (though not necessarily
on English itself), and that this heightened work
ethic might encourage others to work harder so as
not to be embarrassed.

ing with overlapping topics when their own tasks

had been completed. STUDENT INTERNATIONALISATION

Decisions and workloads were allocated democratl-DaVid James wrote:

cally, then one person co-ordinated the team. .
This world does not need more statements,

and it does not need more communications
that travel in only one direction. Rather, the

world needs communications that are re-
ceived, understood and returned with good-
will and the promise of continued interac-

tion [9].

The team as well as the individual became a focusrhese comments were related to trade within the glo-

for success. bal marketplace, but they are equally applicable to sci-
All were aware of the competition between teams, entific, engineering, political and social communica-
but one person divulged team information to an-tions as well as business interactions. How can one
other team. This was particularly unpopular with adopt the philosophy aVhen in Rome .,.if one is

all the other team members. unaware of what the Romans actualty?

Some cultures developed in an introspective and
isolationist atmosphere. Modern transport and tel-
ecommunications have meant that these cultures must
The informal interview with team G may be summa- now face dealing with the rest of the world. Other
rised as follows: cultures have evolved in a travel and international trade

Team membership was mainly because they werénvironment. The first step to being able to handle
friends and they wanted to help each other anocross-cultural interactions is to accept that differences

they were very comfortable with team work exist. Only thenis it possible to try to identify the spe-
] i ) ] ’ cific differences and modify your own behaviour ac-
Many immediately resorted to their native Ianguage’cordingly. Mixing and working with people from a

rather than English, for team discussions, while oth-c 1t rally different background is one step to over-
ers tried to insist on the use of English. coming cultural barriers that many students may not
Many used a verjrands-onlearning style, with  even be aware of. This is a multidirectional learning
their success being attributable, in some part, to e&experience through which students from all cultural
trial and error approach. backgrounds can benefit.

All team members contributed equally, except in
one sub-team, where one person tried to act as the
spokesperson, but was not allowed to do so by the
rest of the team.

They all stated that they had learned something
from their team mates.

Interview with team G
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CONCLUSIONS expected by overseas clients or contractors could offer
this knowledge as an additional skill to potential em-

Preparing and presenting new subjects is always someployers.
what of a challenge, but it need not be seen as an While it is not suggested that deliberately creating
insurmountable problem. One of the keys is to capi-culturally mixed project teams is appropriate in all, or
talise on the naturally sharing nature of many of theeven most, cases, it may be appropriate in some, and
students, and to develop an environment in whichshould, therefore, at least be considered as an alter-
group mentorings likely to result, so that the total of native to more conventional groupings. The cultural
the knowledge received by each student exceeds thimteraction within the more diverse teams really does
accumulated sum of the knowledge transmitted by theappear to have provided many mutual educational and
lecturer. learning benefits above and beyond those anticipated

In the conduct of this subject it appears as thoughat the outset. Students could, as a matter of course,
the teams with the greatest multicultural diversity did, be made aware of the potential benefits before they
indeed, perform better than the more monoculturalmake their decisions on team composition.
teams. Many students appeared to subconsciously The occasional success, as achieved with the team-
replace long-standing surface learning approaches witlbased project idea used in this subject, especially when
a deep learning strategy so that they could create halhiccompanied by some unexpected (and hopefully ex-
adozen explanations for their own aspect of the projecploitable) learning situations, can provide the fillip nec-
in order to help team mates. Students with languageessary to encourage future educational experimenta-
limitations were helped by colleagues, usually in a posi-tion.
tive way, so that they would become more independ-
ent as a result of the assistance rather than relying oREFERENCES
assistance in the future.

Students with a cultural propensity toadlectivist 1 gjggs, J. Student Approaches to Learning and
societyhelped theindividualist societystudents to Studying ACER (1987).
develop their team spirit and loyalties [10idividu-
alist students helped thepllectivist students to be
able to express thedirected individualismwithin
the confines of the team project. For many students>-
from collectivist societies, academic achievement has : i ' ¢
much higher social significance that for students with ~ barrier to learningjTeaching Matters Symposium
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has been in the past. Australian students venture Quality of Learning in Professional Courses. A
abroad to be educated and overseas students attend Report funded under the Evaluations and Investi-
Australian universities on a full time, part time, full gations Program of the Department of Employment,
fee or foreign exchange basis. The mix of cultures, Education and Training, Commonwealth of Aus-
education methodologies and experience styles that tralia (1993).

seems to be necessary to create a type of educatigl commonwealth Tertiary Education Commission,

mob_ility appears to be satisfied by this type of  paiew ofthe Discipline of Engineering. (Chaired
multicultural project approach. by Sir B. Williams), Vol. 1, AGPS, Canberra (1988).

Increasingly, our engineers and computer special- Skills Sought by Employers of Graduates. Com-
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employers now operating in Australia are part of multi- missioned Report No. 20, AGPS Canberra (1992).

national organisations. Working overseas and discuss8: Schlimmer, J.C., Fletcher, J.B. and Hermens, L.A.,
ing contract details with local negotiators can be achal-  Team-oriented software practicufiEEE Trans-
lenge for the most seasoned engineers, let alone new actions on Edu¢.37,2 (1994).

employees [11]. Students who have developed a betted. James, D.L.The executive guide to Asia-Pa-
appreciation of the different approaches that might be cific communications - doing business through-

2. Ramsden, PLearning to Teach in Higher Edu-
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