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Thereisawealth of literature about theincorporation of clients
with real business problems in software engineering courses.
Thereis, however, little by theway of direction inthe selection
of projects. In this paper we analyse six years of experiences of
teaching software engineeering using a client based approach.
Wedevelop guidelinesto aid in theidentification of clientsand
projects. This process needs to deliver both software
engineering theory and provide a platform for later capstone
projects. The paper describes each iteration of the course
including content analysis of student reflective reviews. The
paper concludes with ten point guidelines.

1. INTRODUCTION

Inavocationa I T degreeasecond year course
insoftware engineering hasadual role. It needsto
encompass software engineering conceptsand pre-
pare studentsfor the capstone project. Thesetwo
roles are not necessary complementary (Goold
2003). A common practiceistheuseof area bus-
ness case to anchor such acourse. Students un-
dertakeadevel opment for theseclients, following a
prescribed devel opment process, accompanied by
theoreticd ingtruction. Theintentionisthat the stu-
dentsexperiencethe scope of software engineering
withal theimplicit difficulties: client issues; com-
plexity of business systems and group work.
Chamillard and Braun (2002) argued that “themost
critical aspect of the (softwareengineering/cgpstone)
sequenceisthe useof real projects, with real cus-
tomers’ (p227).

Basingthecoursestrongly around redl clientswith
areal business problem posesextradifficultiesfor
theinstructor, not theleast of whichisfindingand
managingtheclient. Thisis weargue, perhapsthe
most crucia decisioninsuchacourse, the choice of
exampleproject.

2.BACKGROUND

Theincorporation of areal world projectintoa
software engineering courseisnot new. Collofello
and Woodfield (1982) described the teaching of a
four semester software engineering course, usinga
project for “ unification:

“The project would be of medium-size (3-5

man years) and as such would be amorefaith-
ful reproduction of thereal world. The experi-
ence gained from participation in a project is
very beneficial. In additionto being realistic (as
compared to toy programs found in most com-
puter science classes) such projects also pro-
mote better team work” (p14).

Collofello and Woodfield described the benefits
of an external client as“more realistic” but saw
“drawbacks because the instructor does not have
total control over the project” andthelogisticswere
too onerous. They usedin-house projects, at least
“until we have gained moreexperience’ (p17). By
1989 Northrop wasableto describe severa courses
using real projects asboth meeting academic ob-
jectivesand providing “ morethan an academic ex-
ecise.

Gabbert and Treu (2001, p191) argued that “few
would arguewith the assertion that it isbeneficial
for sudentstowork on solutionsto meaningful prob-
lems—solutionswhichwill actualy beused by real
clients—asopposed to rudimentary or ‘toy’ prob-
lems’. They goontoask “how can such projects
beeffectively introduced?’ (p192). They arguethat
issues such asthe size and scope of real projects,
time, finding clients, repeatability, and finding real
projects that meet pedagogical objectives of the
course, “ seemto present insurmountabl e obstacles




to the use of real world projects’ (p192). They
then go on to recount an exampl e of successfully
incorporating areal client, aweb-application de-
sign, and conclude “we have found that given ap-
propriate subjects and appropriate strategies for
teaching those subjects, real projects can be used
very effectively” (p197). Unfortunately they do not
attempt to generalisetheir experiencesby identify-
ing such appropriate subjects or strategies.

Bead ey (2003) describesthe nuances’ of mak-
ing aproject run smoothly, oneof theseisthe estab-
lishment of a“project pool” (p124) and to “weed
out the projectsthat areinappropriatefor such an
experience’ (p125) but other than diminatingsim-
pleweb pages, hisadviceisbased onasystemin-
teracting with “ at | east two database tabl es— pref-
erably threeor four” (p125).

Stein (2002) described what he considered to
beimportant factorsin quality projects. Hedis
cussed theimpact thetype of client had onlearning,
for Stein successful projectscamefollowed when
“the customer had a clear notion of what they
wanted, stated as clearly specified requirements’
(p4) whereas* acustomer who did not really know
what they were looking for — the requirements
changed out from under theteam regularly. Such
projects, athough they usually got studentspassing
grades, were not successful” (p4).

Chamillard and Braun (2002) discussed the ef-
fect of thel T knowledge of the customer: too knowl-
edgeableled to requirementsof thetype' thisishow
you should doit’ rather than ‘thisiswhat | want
done'. Customerswithout IT knowledge on the
other hand were unableto help with animportant
formula. Whilethisconflict meetsthecriteriaof being
‘rea’, Chamillard and Braun recognised their best
project asonewherethe customer was* knowledge-
ablewithout directing thestudents’ (p230).

Clear etal. (2001) suggested that “ givenalucid
st of coursegoalsit should then bepossibleto char-
acterise appropriate and (possibly even moreim-
portant) inappropriate capstone projects’. Inan-
swering the question “what are potentia character-
isticsof acapstoneproject?’ they list many factors
garting with* softwaredevelopment isrequired” but
then the factors become about process. “ students
must work inteams’, “ team-gponsor interaction must
be professional and realistic’ and so on. Clear’s
consideration of who concelves projectsleadstoa

184

discussion of thevariousbenefitsof student initiated
projects, ingructor devel oped and external projects
among others. They thenargued that despiteahigher
successratefor capstone projects, “it isnecessary
to make sure that the project is not critical to the
sponsor” (p96), thisthey argue, istoo higharisk for
the sponsor and the * undue focus on production of
deliverables...will dmost dwaysbein conflict with
the broader educational goals’.

Thereareobvioudy many papersdescribingthe
teaching of software engineering. Most of these
papers are anecdotal, describing what the author
did and how it worked, indeed this paper isno ex-
ception. Herewefocuson the characteristicsof the
client and theresultant project, aiming to identify
guiddlinesfor thiscrucial component of the course.

3.METHOD

Theauthorsteach Software Engineering, acom-
pulsory paper taken by second year studentsina
vocational 1T degree. Thiscoursedevelopsanun-
derstanding of software engineering entailing knowl-
edge of the methods and problems of the devel op-
ment, implementation, and management of informa:
tion systems. Thefocusison data-centred anaysis,
model ling and design techniquesasembodiedinthe
Systems Development Life Cycle (SDLC, Hoffer
et al. 1999) with an added focus on prototyping.
Studentsdo not implement the systemsthey devel op.

Thewholeclass(usudly two streams) workswith
the same client but independently in groups. Stu-
dentssalf select into groupsto undertakethe project
which takes the whol e of a semester long course
(See Smiththisvolume).

Wereview seveniterations of the course, each
withadifferent client. Material istaken from mod-
eration records, student reflective reviews and
course materials. Student quotesare used verbatim
but withidentifying material removed. Itishoped
that thisframework will provideastructurefor ex-
aminingthedifferent approacheswhiledlowing flex-
ibility for emergent themes.

4. PROJECTS

4.1 Ship safety management system

The ship safety management system wasdevel -
oped with aclient who isamaster of an offshore
supply vess.



It was chosenin the belief that none of the stu-
dentswould know anything about the application
and would, therefore, beentirely reliant onthe de-
velopment process.

“Dataflow diagrams proved to be a mgjor
learning hurdle for us...this was possibly re-
lated to our lack of knowledge of the safety
system, ...this was overcome by persistence,
lots of checking with the lecturer and eventu-
ally accepting that the DFDs were not perfect,
but had served their purpose of making usthink
about the processes in the system” (LS2)

A devel opment methodol ogy providesapath-
way for developerstake aproject from vague con-
ceptsto detailed code. It washoped that the selec-
tion of thisproject, with apotentially huge scope
would a so emphasize therole of aformal method-
ology inproviding apathway:

“When wefirst looked at the brief for Cap-
tain Black we thought the that scope for the
project had the potential to be much larger than
anything we could confidently develop” (LS2)

Theproject wasideal for covering the scope of
the SDLC. Theclient had abusiness problem, that
of safety at seaand didn’t really mind where the
project led. Somegroupsinterpreted thegoa asa
training system, othersasan emergency procedure
log, and othersasalive monitoring system. This
variationgavemany possbilitiesfor discusson. The
maritime environment also led to interesting twists
for task analysisand logica design.

Thisiteration of the coursewasreportedin Mann
(2000) asbeing empowering and considered suc-
cessful:

“Despitebeing along way outsidetheir com-
fort zone, groups used the tools of software
engineering to design industry strength and in-
novative systems. Their work was stunning and
they can be proud of it”.

4.2 Job management system for
small engineering business

Three separate clientswereidentified with very
smilar needs: adesirefor ajob management system
for small engineering businesses. Thiswasaninter-
esting and very real project that islikely to be con-
tinued asacapstone project. Thelocal clientswere
access bleand got lotsof ideasfor improving their
businesses (perscom 2004).

Theintention in exposing the classto threecli-
entswasthat the studentswould be ableto develop
generic softwarethat could be delivered to not just
these clientsbut also othersin similar businesses.
Thiswasunsuccessful. Thethreedifferent clients
workedin very different ways meaning some stu-
dent groupsdid not get enough exposureto the needs
of theclients: “ understanding of what was happen-
ing withinthe businessaswell ashisown commit-
ment to itsprocesswas patchy” (RS226), “ getting
blood out of astone (but) he cannot be blamed for
not knowingwhat kind of sygsemhewanted” (DR2),
“clientsgiving vague descriptionsof what they want
areprobably very commoninthered world, thisis
why | enjoyed thisproject” (MG3). Other groups
suffered from excessiveclient involvement, thecli-
ent camein to seethe students most weeks, and as
hisenthusiasm grew he appeared to be changing his
mind on what hewanted amost daily.

Thedifferent experiencesaso madeit hard to
teach the theoretical aspects of the course with
groupsat very different stages.

With the exception of project identification and
selection (project was pre-sel ected), the projects
lent themselvesto afull scopeof theSDLC. Itdid
not proveto beexciting. The project wasideal for
data process steps (DFD and ERD), however, a
problemfor thisproject wasthe significant propor-
tion of the classwho thought they knew about the
issues of running asmall business. For them the
lecturers insistence on following aconvoluted de-
velopment processwasahindrance: “wewereguilty
of suggestingasolution at thestart and thenbasinga
project around trying to meet that goa” (GEL).

For others, the problemsof the client business
threatened to become overwhelming “these are
worthy goa sbut not achievablewithinthecongraints
and certainly not adisciplinethat could beintro-
duced into XY Z Engineers ...we agreed that the
purpose of I T205 wasfor usto learn the process,
not fix XY Z Engineers’ (RS226).

Thedifficulty of clientsled to many interesting
student comments regarding the structure of the
course: “why arethere so many different outcomes
tothesameproblem...I felt thelecturerslet down
the process by not doing enough homework onwhat
wasgoingtoresult...shouldn’t thelecturershave
get atighter reign” (DR2). Lecturer commentsat
thetime*“it wasinteresting to seethegroupsusing
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the SDL C to create some order from chaos...we
need to makeit clear that students are marked on
ability to demonstrate the process, not on actual
outcome’. Somesaw thedifficultiesof clientsasa
challenge: “I’'maso kind of happy wegot aclient
likethis, I don’t know why; | think it givesusmore
of afed of thethingsthat could gowrong next year”
(RL2).

4.3 Student management system

The student management system (SMS) was
chosen at atimewhentheingtitution wasinvestigat-
ing the development of anew system. It wasdoing
thisinahigh profilemanner and assuch thestudents
were aware of many issues. The client was the
manager of theingtitutionsManagement Informa-
tion System (M1S) who wasvery keento havethe
studentswork with him. Thisworked well ontwo
fronts, not only was he available, he was knowl-
edgeable about the I T devel opment process. He
managed, however, not to impose hiscomputing
knowledge. Thiswasasuccessful balance.

Thisproject wasinteresting asthe studentsini-
tidly thoughtittoo small —surely itisaglorification
of thethreeentity student:enrolment:subject relation-
shipwiddy usedinteaching. An SMSis, of course,
ahuge undertaking. Thisrealisationwasdrawn out
by the devel opment process. It becameachalleng-
ing project.

TheSM Sisatraditiona datadriveninformation
system, ideally suited tothe SDL C, especidly the
datamodelling sections. Thelimitationwasthesize
of the project, therewere so many businessrulesto
be captured that the studentscouldn’t possibly doa
good job.

This iteration of the course was described in
Smithetal. (2001). Inthisyear we madethe stu-
dents swap projectsafter theanaysis (“Run over
by abus’). Although werecommended thisprac-
tice, we have not been so blatant in manipulation
snce

4.4 Learning and motivation
software

Thedecisontowork withamotivational expert
was prompted by a desire to introduce a project
that waslessdefined and had more potentia for crea
tivework than previousdatadriven systems. Some
very exciting systemswere devel oped and students
successfully learnt software engineering: “thetime

spent designing and building thissystem waswell
worthit just to learn the stages of software devel-
opment”.

Thiswasaperfect exercisefor teachingtheim-
portance of early stagesof development. Theclient
had littleideaof what he wanted, only recognised
that hewoul d benefit from exploring such devel op-
mentsto “be aglobal player and have more free
time’. It alsowasgoodin highlighting to students
thevaueof SDL C stagesin progressing the project:.

“There is no one word that can summarise
my experience with I T205, the material taught
was justified and necessary, the time, subject
matter (the motivation system), and expecta-
tions were challenging to a point where it
seemed almost unreasonable. In saying that |
believeitiseither intentionally or unintention-
ally made that way to give the students experi-
encewith thekinds of pressuresand constraints
applied to IT specidistsin the real world. In
that respect it was 100% successful” (BM1)
Somestudentshowever continued to strugglewith

the project and thisimpacted on their understanding
of softwareengineering:

“Client information that was, to say theleast,
abstract. As a group we were constantly un-
sure of what we were trying to achieve and
how to progress...wefloundered when it came
to detail and | failed to understand the SDLC
given adifferent client” (P12)

Thisproject excited studentsbut asit progressed
they found it frustrating, asit wassoill defined.

Poor groups scoped this project very small, to
the extent of developing little morethanlogin sys-
tems. Thelack of scope did mean that moreable
studentswere ableto pushthisproject indirections
that proved exciting and innovative. Thisproject
led to employment for two of those studentsto im-
plement portions of the system. Theremainder of
the system has been a suggested capstone project
for two years, but, to date, no project groupshave
undertakenthis.

4.5 Remote advisory system for
engineering

Inthisiteration we attempted to identify abusi-
nessopportunity for development, rather than solv-
ing aspecific business problem for aparticular cli-
ent. Thenominal client wasabusiness consultant
(who taught some of our business papers). This



approach did not work well. Theidentified oppor-
tunity wasthe need of isolated garagesto have ac-
cessto specialised knowledge. Thiswas poten-
tially anicemix of physical and software devel op-
ment. Theclasswrotethemsalvesaninitia brief.

Thenominal client concept did not work. Stu-
dentsidentified early onthat it wasnot real andtheir
development work reflected this: “1 never really
thought that the project could ever redlly happenin
red life’ (AH1). Many solutionswerenot sensible
—afleet of helicopterswasneeded for oneand an-
other did away with mechanicsaltogether and re-
placed them with remotely operated robots. With-
out being real, the studentswere more tempted to
faketheanalysis: “dternatives...| fed our biggest
mistake wasin not doing thisstep correctly, aswe
pretty much fudged theresultstofitinwithwhat we
wantedto do”. Also, strangely, the client discour-
aged groups from devel oping prototypes which
meant the bizarreideaswere never really tested.

Studentsfound thisproject too hard. Many stu-
dentsfelt that they could not do the project asthey
“could not understand theworkings of how theme-
chanicsof theengineworked”. For somereason
this problem became paraysing for severa groups
despitethe actual mechanical information being at
most tangential to the project.

During analysiswearranged for groupstovisit
local garages, not for mechanica information but for
understanding of the mechanicwork processes. We
also started to make use of the several studentsin
the coursewho had previoudy been mechanics. “to
have someone who could understand and ask the
correct questionsand understand the answersfrom
our interviewswithamechanic’ (MY 1).

The project worked well for the scope of the
SDLC. Itwasparticularly useful for exploring logi-
cal design, both tasksand environment “ interaction
caseswerefunto comeupwith and very helpful in
different scenarios...problems such as theft and
detection had not occurred to us until they were
done’, and designtheme*“thistook alittlethinking
about, but oncel convinced the othersthat the sys-
temwasatool, not atoy, it became much easier”.

Onegroup continued with thisproject for their
third year project, devel oping acontent manage-
ment system for detailed mechanical ingtructions.

4.6 Risk management and ethics
system for crown research institute

Thisproject waschosenin responseto the open
ended Motivation project —we wanted a project
that wastightly defined. Thestudent groupsworked
withaclient from acrownresearch ingtituteto de-
velop ananimal tracking and ethical approval sys-
tem. Thiswastointegrate with existing systems.
Thisdevel opment suited the scope of the SDLC and
wasideal for thedataanalysis phasesastherewas
much extant processesand information:

“the generation of aternatives was an en-
joyabletask becauseit allowed for our creative
sides...or ‘animal-track-n-trace’ systemwhich
would seamlessly fitin all theinstitute’' susers”
(CA%)

Atthispoint theclient pulled back al theseideas
and asthe project progressed it became apparent
that this project was quite limited —it wasreally
tweaking an exigting system.

Theclient for thisproject was physically remote
and initial meetingswereviateleconference. The
client wasasoftware engineer and gave very thor-
ough feedback oninitia stagesbut thiswaslargely
onformrather than onthe content. Asan|IT person
he offered to view al theanalysisdocumentation—
wenormally filter it for non-1T people—and was
swamped by theamount of documentation and was
difficult to contact after that. Fortunately thegroups
had aready arranged to visit aresearch station and
were able to proceed by creating fictitious users
based on the scientiststhey had observed, although
this did cause frustrations: “unsatisfied at some
stages...main frustration, waslimited contact with
the client...direct observation would have been
useful...weren'tredly involvingtheenduser” (LT2).

Having aclient knowledgeablein | T who com-
mented on detailsof form alsoled to afocusonthe
artefactsrather than the value of using the process
asameansto understanding. Inthe personal re-
view onestudent remarked “| think we should have
spent moretimetidying thediagramsand lesstime
arguing about thesystem” (EK 3), perhapsmissing
the point of the devel opment process.

4.7 Maritime museum

Thedlient fromthemaritimemuseum cametous
with arequest for awebpage. Thelecturerscould
immediately seethat there was much moreto his
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needsthan that. Likethe SMS project, thistask
appealed asit turned out to be much bigger than
students' initia understanding. The complexity of
museum data, theintegration of many existing sys-
tems, and the potentia for multipledirectionsmeant
that very quickly the studentsrealised that without a
firm devel opment methodol ogy they would beswvim-
ming.

Theclient wasvery keento beinvolved and was
happy for different groupsto goin quitedifferent
directions. Hewasableto beinvolvedinacrestive
manner for the different groupswhether they were
devel oping amanagement system, public geneal ogy
systemsor exhibition interfacesintended for chil-
dren. Thevery different approaches of the groups
gave much materia for teaching.

“So fromthe start, we knew wewerelooking at
adatabase, but | don’t think we quiteincorporated
theweb ideauntil we knew hewanted free adver-
tisng, and that hewanted more peopleto know what
they had to offer. Tous, theweb ideawasan obvi-
oussolution. After completingthefunctiond require-
ments, our concept started to evolve, aswe knew
hedidn’t want an online database because hethought
people might damage hisinformation. Wetook this
into account... ... wethought the way to reach out
to thelarger/global community wasto offer them
something they didn’t havetotrave for, but till en-
ablethemuseumto profit from” (DS4).

A systemthat integratesmany of theideasof the

different groupswasimplemented by oneof thestu-
dentsaspart of asummer scholarship.

5. CONCLUSION

From these experienceswe proposethefollow-
ingguiddines.

A project should:

1. facilitateteaching the structure of the chosen
methodology (eg SDL C stages, milestones). For

early stage devel opmentstheclient should havean
ideaof abusinessproblem, but not asolution.

2. facilitateteaching arange of toolsand tech-
niques. The more creative projects are better for
logica designwork but aredifficult to apply to data
moddling.

3. bered

4. beexcitingandinteresting (abonus)
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5. beof valuetotheclient (eventhoughisnot
actudly beingimplemented)

6. haveaclient whoisinterested, knowledge-
ableand available, but dl of thesein moderation. It
doesn’t matter whether theclientisan I T person or
not.

7. provideachalengefor highachieversand be
achievablefor others

8. start out seeming either very large (and use
the processto constrain) or very small (and usethe
processesto explore hidden complexity)

9. actually be large enough to need scoping
down (giving the studentsthe experience of manag-
ing scope) but not so hugethat it isobviousthat we
don’t expect asuccessful outcome.

10. provide an opportunity for creativity
whilekeeping groupsinthesameballpark for teach-
ing thetheoretical aspects. Different projectsfrom
the same starting point isagood outcome.

11. agile

Anareawhereall our projectswerelimitedis
that of maintenance. Theonly project that wasen-
hancing existing computer systems (Animal ethics)
was not successful. Theproject continuity work of

Walker and Slotterbeck (2002) seems promising
here.

Core conceptsof software devel opment: itera
tion and incremental commitment aredifficult to
achieveinanacademic setting. Whenweenforced
iteration, studentsthought that they were being pun-
ished; failureto progressthrough stagesis seento
beacademicaly crippling.

Someclients had abusiness problem for which
they thought the solution wasawebpage. Despite
Clear et al. (2001) calling this“technocratic arro-
gance’, our best projectswerewherewe could take
theclients initial ideasand seeabigger sdefor de-
velopment. Thetrick of courseistotill deliver what
theclient originally wanted. We agree, however,
with Clear who appeared to advise against instruc-
tor acting as sponsor and mentor: “can betorn be-
tween the differing obligationsof thesetwo roles’
(p99). Wego further and suggest that using an aca-
demicintheclient role doesnot give studentsthe
required reality buzz.

Thetrick of using real clientsin teaching soft-
ware engineering isexcitement without dominating



softwareengineering. Wethink wehavegot it about
right:
“Now | am no longer worried about how |

will do my project but rather what my project
will beabout” (MG3).

In undertaking this review we came across a
wedlth of information, particularly in student self re-
views. We havefascinating material about group
processes, task splitting and crisismanagement. We
recommend reflecting on the material for other
COUrSes.
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