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Abstract
Each u n iv e rs ity h a s its ow n e n try s ta n d ard s , its ow n cu rricu lar p rioritie s an d its ow n
grad u a te p rofile exp ecta tion s . Fa ced w ith th e con u n d ru m of cram m in g a qu a rt of
u n d ers ta n d in g in to a p in t p ot of cu rricu lar tim e, S oftw a re En gin ee rin g p rogra m d e s ign e rs
have created individual solutions and vastly differing programs. Consequently SE
grad u a tion p arch m e n ts h av e b ecom e a s m e a n in gfu l a s S am Gold w y n s ve rb a l
a gre e m e n ts . Th e y are n ot w orth th e p ap e r th e y are p rin ted on b eca u s e n o-one knows
w h a t th e y m e an ! Th is p ap er elu cid a te s th e p rob le m , ex p la in s its origin an d p os tu la te s
paths to solution.

1 Introduction
Un iver s it y-b a s ed S oft wa r e E n gin eer in g E d u ca t ion is a n oxym or on . Th is is n ot b eca u s e
S E fa cu lt y d on t t r y, it s b eca u s e t h e t er m S oftw a re En gin eerin g Ed u ca tion covers such a
wide spectrum of knowledge and understanding as to defy succinct definition. Little
wonder that programs from different universities, which graduate students with
identically named degrees, vary in content, in breadth and in depth. Even identically
named courses within different programs vary in reflection of the interests, priorities and
even personalities of the people who write them Unfortunately, two separate
undergraduate programs may each produce graduates bearing parchments emblazoned
B ach elor of S oftw a re En gin eerin g , B ach elor of En gin e erin g (S oftw a re En gin eerin g) , or
B ach elor of S cie n ce (S oftw a re En gin eerin g) or some such, while the programs they
represent differ widely.
This article looks at these variations in the Australian context and asks, W h a t d o th e s e
p arch m e n ts actu a lly tell a p ote n tia l e m p loy er ab ou t th e p ers on ab ou t to b e e m p loy e d ? For
any two universities the answers would have to be different. This article looks at that
problem and postulates some solutions.

2 Educating Software Engineers
Commentators have, for decades, noted an in cre a s in g n u m b er of students, employers,
faculty, business executives, management specialists, public officials and taxpayers
dissatisfied with the product of our universities. It has been pointed out that a
university diploma is, in many cases, a receipt for attending classes, that curricula cover
too much material giving students little chance of mastering essentials Little wonder
that Ron Oliver should observe a decline in the quality of commercially available software
despite what we have continued to learn about the software development process over
the past three decades [14]. Oliver states forcefully that Computer Science graduates are
not properly educated or trained for software or systems engineering.
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2.1 Shortcomings
David Parnas has claimed that many top industry researchers and implementors are
reluctant to hire CS graduates because their education has not prepared them for the
work they actually do (we well might soul-s ea r ch a s t o wh et h er t od a y s S E gr a d u a t e fa r es
better). Graduates get jobs, he wrote more than a decade ago, because their industry is
booming while managers d ou b t t h e u s efu ln es s of t h eir h ir ees ed u ca t ion [15]. Parnas
saw the shortfall as a lack of solid grounding in fundamental science and mathematics
rooted in the historical development of the discipline. Whatever the shortfall, the product
of ou r u n d er gr a d u a t e p r ogr a m s h a s n t ga in ed m u ch r es p ect in in d u s t r y over t h e la s t
decade as Mike Feldman points out, referring to a potential employer of graduates and
writing He w a s u n lik e ly to h ire a n y of ou r gra d u a te s ; h e w a s n ot look in g for en gin ee rs ;
h e n ee d ed a fe w b rillia n t h ack ers
[5].
2.1.1 Expectations in the Non-technical Area
Tom Hilburn insists that the dissatisfaction employers express about potential employees
does not relate to a lack of technical skills or scientific preparation but rather to a lack of
people and process skills [7]. Hilburn cites an inability to communicate effectively,
insufficient experience and preparation for teamwork, poor individual work management
and a lack of understanding of organisational structures and business practices as major
shortfalls. He proposes a new approach to SE education centred on people, process and
technology and it is worth noting that his SE curriculum model included eight Gen era l
Ed u ca tion electives taken from His tory , Litera tu re, Art, Mu s ic, an d s o on . However
much we may laud the determination to produce a rounded, re n a is s an ce m a n , graduate
we must also consider the added demand on course time
a n d it d oes n t en d wit h
liberal arts.
S in ce Com p u t in g Cu r r icu la 9 1 , et h ics a n d t h e im p lica t ion s of the use of software and
technology have required consideration in curriculum design. Considering SE
specifically, the recently endorsed Code of Ethics can, and sometimes does, form the
basis of an entire course on its own. This theme is itself complicated by the globalisation
of the industry. Different regional cultures have differing ethical perspectives and this
must be taken into account by designers of software liable to be used in a transcultural
context.
To compensate for these shortcomings, one could continue adding subjects to a SE
curriculum model and each subject may have its own importance, significance and right
of in clu s ion b u t t h er e s im p ly is n t t im e t o cover ever yt h in g in a n u n d er gr a d u a t e p r ogr a m .
Consequentially, undergraduate programs are focussed in ways which reflect the
interests and priorities of the people who design them
a uniqueness and individuality
which can be viewed as a benefit or a pitfall. Certainly there is benefit in variety, but this
author takes the view that this variety should be based on some similarity in the manner
in which races and colours are based on the similarity of humanity. Variety for the sake
of variety, or for perceived competitive advantage, I see as a pitfall.

3 Program Outlines
Six of the Australian Universities offering Software Engineering programs accredited by
the Institution of Engineers , Australia, (IEAust) grant baccalaureates entitled Bachelor
of Engineering (Software Engineering). Comparison of their published course outlines
shows 65 courses included in the six programs (see Table 1 ).
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Table 1 : Course Topics
Advanced and Parallel Computer Systems
Advanced Object Oriented Concepts
Advanced Software Engineering Topics
Advanced Topics in Distributed Systems
Business Data Management
Computer Communication
Computer Design
Computer Engineering
Computer Structures
Computer Systems and Industrial Electronics
Computer Vision and Image Processing
Data Communication and Networking
Data Modelling
Database Systems
Design and Analysis of Algorithms
Digital Networks and Systems
Digital Signal Processing
Electrical Engineering
Electronics
Embedded Software Design
Engineering Design
Engineering Law
Engineering Methods
Engineering Practice
English for Technical Communication
Ethics and Professional Issues in Computing
Foundations of Computer Science
Functional Programming
Graphics and Computation
Interactions of Society and Technology
Interactive System Design
Introduction to Information Systems Development
Introduction to Programming Environments
Knowledge Representation and Reasoning
Linear Systems
Logic and Computation
Microprocessor Techniques
Network Theory and Analysis
Operating Systems
Physics
Principles of Statistics
Probability Theory and Random Processes
Programming Language Design Concepts
Programming Logic and Microcontrollers
Project Management
Project Team Development
Real Time Systems
Requirements Engineering
Software Architecture
Software Engineering Workshop
Software Internationalisation
Software Modelling and Analysis
Software Quality Principles
Software Reliability and Testing
Software Security
Software System Specification
Software Technology
Systems Programming and Design
Theory of Computation
Verification and Validation

(Because of space restrictions the courses
Engineering Management, Mathematics,
Programming, Software Engineering and
Software Engineering (Project) were deleted from
Table 1 ) It was not possible to enter into
detailed comparative discussions with the people
who actually teach the courses but efforts were
made to compare the advertised content of the
courses, not just the names. In the first
instance, the courses offered in the first
university on the list were entered into the
diagram in chronological order. Courses from
the second university were entered next, those
common to the first university in their
appropriate places and the rest in chronological
order
and so on for the rest of the universities
studied. Since this was not intended to be a
competition between universities, the resultant
data was converted to a diagram (Figure 2 )
which simply shows the number of semesters
dedicated to individual topics by each university.
Figure 1 gives the colour code for the diagram.
Courses from the first four semesters (rows 1-19
in Figure 2 ) at the first university are commonly
supported by the other universities, most
notably Mathematics (row 4) and Software
Engineering (row 12). This commonality of
basics is lost, however, over the following years.
Another indicator of this lack of commonality is
that less than half the courses offered overall are
offered as core by the university represented in
the left-hand column.

When we sort the chronological data into neutral
alphabetical order (Figure 3 ) the scatter effect
becomes even more apparent. Randomicity is
exaggerated by the variation in core size between
different programs
note that the program
represented in the left-hand column of Figure 2
has twice the number of core courses defined as
does the program represented in the right-hand
column. Each of the six universities studied
devoted either two or
One Course
three courses to
Two Courses
Mathematics but this
Three Courses
was the only topic
Four Courses
common to all
Six Courses
programs. Software
Figure 1 : Colour Key
Engineering was
represented by
1,2,2,4,3 & 0 courses, Projects Management scored 1,0,1,2,1 & 0, Design and Analysis of
Algorithms scored 1, 0, 2, 0, 1 & 1. Even greater randomicity in program content would
ensue as students choose their elective subjects. It is quite obvious that there is little
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commonality or equivalence of study leading to graduation between
the six programs despite the fact that the qualification received on
completion has the same title in each case.

3.1 Itemising Anomalies
One university dedicated one course in each semester
for the first three years to workshops on the
technicalities and required skills which are progressively
put into practice as a Software Engineering project
by
contrast the Software Engineering Project courses in the
other five universities scored 4,3,0,0 & 2. That was a
surprise
two of the universities have a Software
Engineering Program which does not advertise the
inclusion of a Software Engineering Project. Presumably
the practical experience to which students in IEAust
accredited programs are required to be exposed as
Exp os u re to Profes s ion al En gin e erin g Practice [8] takes
ca r e of t h is a s p ect of t h e gr a d u a t e s ed u ca t ion a t t h es e
two universities. Software Engineering educators,
however, must ask how these variations in course
content can exist and potential employers must be
confused as to what knowledge and skills hirees from
differing universities will bring with them.
It should be noted that one could, almost certainly, carry
out a similar comparative exercise for any degree and
find similar results. That is not the point. The point is
that Software Engineering, as a new discipline, is
fighting to establish its identity and the variation in
education described above will not help in that fight.
Resolution of these issues must be a priority goal as
Software Engineering matures as a discipline.

3.2 Goals and Priorities
Owen Astrachan pointed out that most students taking
economics will not become economists nor most
students taking mathematics mathematicians
similarly most students taking Computer Science will
not become Computer Scientists [1] but it seems
reasonable to assume that most students studying
Software Engineering will pursue a career in the
profession. If potential employers are to be able to make
Figure 2 :
a fair assessment of what to expect of hirees, and if the
Chronological
general public are to gain a consistent perception of
what a Software Engineer actually is, we are faced with a
requirement for greater consistency between programs
than that demonstrated above. One thing we need is some core of topics
which all graduates will have studied and some means of guaranteeing
that all graduates have achieved at least some standard minimum level in
those topics.

Figure 3 :
Alphabetical

In the absence, at the time of writing, of a Software Engineering Volume of Computing
Curricula 2001 the Computer Science Volume provides us with some insight to the
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matter of Core Units. This is justifiable because many of the people who currently style
themselves S oftw a re En gin eers graduated from CS programs. This volume makes the
point that the core is not a complete curriculum but merely some units that all students
must take
and at any time in the program not necessarily as an introductory unit
and which will be supplemented by additional material. Pedagogy Focus Group Three
(The Computing Core) was charged with developing curricular models which included a
s h ort lis t of cou rs e s numbering fou r to five b e y on d th e in trod u ctory y e ar of s tu d y . This
would indicate a list of 12 to 15 courses as a core, but Software Engineering Education
Knowledge (SEEK) document [19] lists 218 e s s e n tial topics. Once again, the very
breadth of the field in which we work would appear to have struck down the best of
intentions if this many topics are to be dealt with in any depth.

3.3 Core

What core?

What, then, is the core? What topics must be covered? What topics cannot be omitted?
This argument perennially generates more heat than light and the product of differing
opinions demonstrated by Figure 3 is ongoing even with the prestigious Carnegie Mellon
Un iver s it y s S oft wa r e E n gin eer in g In s t it u t e in s t it u t in g a cu r r icu lu m p r oject in 1 9 8 5 .
SWEBOK, the Pedagogy Focus Area Group of the Software Engineering Curriculum
section of CC2001 and the IEEE-CS/ACM Working Group on Software Engineering
Education and Training (to name a few teams) continue the work. In contrast, Mary
Shaw argues that the necessary curricular improvements do not require separate
courses (from Computer Science) leave alone separate curricula [17].
Christof Ebert suggests that software engineering education needs a flavour of real life
which might be provided by business-school-like case studies [4] while Steve McConnell
is adamant that software development should be treated as engineering [10]; Ann Sobel
advocates introducing formal methods early and extensively applying them throughout
the core curriculum [20] while Goodrich and Tamassia argue that sophisticated
mathematical arguments are unnecessary and key ideas can be presented visually [6];
Terry Shepard and others propose that more testing should be taught [18] which
con flict s wit h E d s ger Dijk s t r a s 1 9 7 2 a s s er t ion t h a t t h e m or e effect ive p r ogr a m m er s d on t
waste time debugging
t h ey d on t introduce the bugs to start with [3]. This litany of
conflicting opinions on what is essential, what should be core, can be extended virtually
indefinitely.
Confusing this issue is the matter of student expectation as Long and others point out:
S om e s tu d en ts fa il to s ee w h y w e are n ot te a ch in g th e m ex actly w h a t (th e y th in k )
employers w a n t th e m to k n ow : tra d ition al C++ p rogram m in g. Es p e cially th os e fe w w h o
h av e alre a d y p rogra m m e d in C++ te n d to b a u lk a t h av in g to b e m ore rigorou s a b ou t, e.g.
b eh av iou ra l s p ecifica tion s . S o on e ch alle n ge is to m ak e s u re s tu d e n ts re alis e th a t th e
real CS1 / CS 2 ob jectiv e is to la y th e fou n d a tion for a 3 5 y e ar com p u tin g career, n ot to
providing training for their next co-op . [9, p.256]
Even this objective deserves expansion. University should not only lay the foundation for
a career but, standing as it does in arguably the most formative years of a youn g a d u lt s
life, it s h ou ld a ls o la y t h e fou n d a t ion s for t h e r es t of t h e s t u d en t s life. As Ca r d in a l J oh n
Henry Newman put it:
If a p ractica l e n d m u s t b e a s s ign ed to a Un ivers ity cou rs e, I s a y th a t it is th a t of tra in in g
good m e m b ers of s ocie ty . Its art is th e art of s ocial life, a n d its e n d is fitn e s s for th e
w orld . [13, p.143]
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3.4 Graduateness
Referring to Engineering Degree (not Software Engineering Degree) programs, Brisk and
Parr state:
th e a im s of accre d ita tion of tod a y s En gin eerin g d e gree p rogram s s h ou ld b e very
m u ch to e n s u re th a t all s tak e h old ers are com fortab le th a t th e grad u a te s are s u ita b ly
equ ip p ed for th e role s th e y w ill ta k e on afte r u n iv ers ity . [2, p.1]
We will return to the subject of roles in the next section but here consider the problem of
the comfort of all stakeholders. From the ongoing debate referred to above we must infer
that neither graduates nor employers can be completely satisfied under current practices
simply because no program can teach all there is to know and no graduate can know all
there is to know. Graduateness simply adds to the learning load.
In the UK, the Higher Education Qua lit y Cou n cil s Qu a lit y E n h a n cem en t Gr ou p
stimulated considerable discussion on this matter defining grad u a te n e s s as the
essential attributes of a graduate. Their report quotes an earlier report which concluded
that, while there is a consensus that there is a set of core qualities, there is no agreement
as to what they are or how they might be recognised. Across the whole spectrum of
higher educational study, the earlier report suggests, these qualities might include:
th e ab ility to w rite in gra m m a tically-accep ta b le an d correctly s p e lt En glis h (or W els h ),
a certa in le vel of n u m e racy , a ran ge of gen era l k n ow le d ge, a b a s ic fam iliarity w ith
In form a tion Tech n ology , an d s o on . [16, Section 14]
This seems to imply an obligation of Higher Education to society in general in line with
Cardinal Newman's opinion and it finds echo on the other side of the Atlantic where Mike
Feldman suggests that graduate programs should include a broad education in liberal
studies giving an understanding of the societal implications of the work being performed
[5]. Adding the demands of graduateness to the overload of specific topics described
above inexorably forces institutions to pick and choose for themselves and creates the
situation we face in which supposedly comparable undergraduate qualifications have, in
truth, little in common. What an employer gains in a graduate depends entirely in the
individual priorities and interests of the faculty who define the programs the hiree
studied. Rephrasing
what the employer gets is simply what the local institution
delivers. The question is whether or not this is good enough.

4 WYGIWIGY: What You Get Is What Institutions Give You
Given the demonstrated impossibility of presenting all things to all students, program
designers may find relief in applying the d iv id e an d con qu er strategy by more precisely
defining and specifying the learning they seek to pass on and the target audience to
whom they wish to pass it.

4.1 Know the Topic
CC2001(CS) makes the point that Computer Science is an important support for other
disciplines stating that every university has the responsibility to offer the subject to all
students (p.68). This may not equally apply to Software Engineering if we are to make
t h e a s s u m p t ion in t h e s ect ion Goals and Priorities t h a t S oft wa r e E n gin eer in g s t u d en t s
are likely to stay within the discipline. Software Engineering programs might in that
case justify some uniqueness and distinctive emphasis. Courses, indeed programs,
tailored to specialist Software Engineers would be inclined to befuddle the Dip. Ed. or
Nursing student whose needs are for more general, more applied, computing.
Proponents of Software Engineering must continue to strive for individual, specialised
programs concentrating on the creation of software even at the risk of reducing coverage
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of some of the deeper and more specialised areas of Computer Science such as hardware
and operating systems and precluding participation by students taking other majors.

4.2 Know the Student
CC2001(CS) also notes that students vary substantially in their level of preparation
(p.74) so, for precision in program design, designers must find ways to be more precise
(and perhaps prescriptive) in their concept of the group to whom they speak.
Engineering Schools traditionally demand higher levels of secondary qualification than
the more liberal colleges. If Software Engineers are to be the elite of software developers
it may be reasonable to make similar high demands on the student intake. Then again,
just as the generic term En gin ee rin g covers a range of sub-disciplines (civil, electrical.
electronic, mechanical, chemical etc.) it may be reasonable to stream software
engineering students after they have completed the core studies.

4.3 Streaming

the Ne e d t o K n o w Principle

Br is k a n d Pa r r , a s qu ot ed in s ect ion Graduateness , m a y h a ve p r ovid ed us with the
solution to our curricular conundrum when they write of role s . Given the breadth and
scope of the discipline itself, sub-specification of the group S oftw a re En gin e erin g
s tu d e n ts could be effective
sub-specification on the basis of the roles the students
expect to play in industry. Some students might see themselves in a Project
Management role (concentrating on process) and would like to go deeper into subjects
such as Capability Maturity, Personal and Team Software processes, Risk Management,
Metrics etc. Other students may be more interested in Software System Engineering,
looking at problem definition, solution and package design
they might be suited by a
program concentrating on algorithms, complexity, mathematics and formal proofs.
Other students may wish to concentrate on code construction and testing and be suited
by a program concentrating on programming fundamentals, programming languages etc.
Nothing for nothing, however, and this concept of streaming creates a new problem.
Considering that many institutions are struggling to get even one Software Engineering
program up and running, it must be unreasonable to expect that they should, in effect,
create several tailored to differing student aims and ambitions. We can, however, slash
this Gordian Knot.

4.4 Collegiate Collusion
In a world where the terms in te rn a tion alis a tion , glob a lis a tion and ra tion alis a tion are
freely bandied around, it may be asked whether universities, famously individualistic,
can remain aloof from these processes for much longer. Government funding for tertiary
education might well be endangered if universities continue to duplicate programs,
fa cilit ies a n d b u r ea u cr a cies on ca m p u s es p er h a p s on ly a s t on e s t h r ow a p a r t
especially if those programs continue to produce unsatisfied graduates and unsatisfied
potential employers. Co-operation and collaboration between tertiary institutions under
which Software Engineering Schools could specialise in separate streams would give the
student, the discipline and the potential employer considerable advantages. Students
from one university could enrol in, and be credited for passing, courses at another.
Current emphasis on the use of the Internet and on Distance Education make this a
viable option even at a campus remote from collegiate neighbours. At the same time, the
load on individual program designers would be relieved by the reduction in material to be
covered as a result of specialisation within the field.
Since 2000, the International Software Engineering University Consortium (ISEUC
p r on ou n ced I s ee, you s ee ) h a s b een m ovin g t o t a k e a d va n t a ge of t h e va r iet y of cou r s es
available through distance education world-wide [12]. This must be a move in the right
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direction but progress could be accelerated by active collaboration between neighbour
universities instead of enforced reliance on de facto variations in curricula.

4.5 Introductory Curriculum Definition
Prerequisite to this collusion is an agreement on common ground from which any
university can confidently build its specialist courses and offer them extramurally. As
progress continues to be made towards the finalisation of the Software Engineering
Volume of Computing Curriculum 2001, the author has been pressing for the delineation
of a small subset of SEEK as a basic core . This core would form the basis of an
Introductory Software Engineering Program (ISEP) which ALL SE undergraduates should
be required to master prior to graduation. Under this scenario, a university could be
sure that an extramural student could handle its specialist courses and a potential
employer would have the assurance that the potential employee, regardless of alma
mater, would have a firm grounding in some basics.

5 Only the Beginning
Specialisation is presented as a possible solution to the problem of the academic breadth
of Software Engineering. This problem is fundamental to Software Engineering
Education and it worsens by the semester, so Software Engineering Educationalists
indeed Tertiary Educationalists in general
do well to remember that they only provide
the starting impetus to a grad u a t e s ca r eer .
Mike McCracken tells of panic when starting his first job as an electrical engineer. As his
in it ia l p a n ic s u b s id ed h e r ea lis ed h is ed u ca t ion wa s n t wor t h les s
it was just an entrée
into engineering [11]. This, I believe, is a key insight. No graduate is professionally
complete. Pursuit of completeness, as we have shown, produces confusion. Continuing
t h e ch a s e m ea n s t h e p ot en t ia l em p loyer s , t h e en d u s er s of t h e t er t ia r y in s t itu t ion s
product (graduates), have to put up with what they are given. Specialisation,
clarification and collaboration may produce a better outcome.
Above all, Software Engineering Educators must come to terms with the fact that the
core of courses common to undergraduate programs must be reduced. There is a
constant tension between academics with differing specialties and priorities as to what is
essential and this results in far more being included in the core than can be adequately
covered in an undergraduate program of four years. In the SEEK document no less than
218 units are designated as Es s e n tial . No program could do that many units justice
and educators and potential employers must accept that. Just as trades apprentices
become J ou rn e y m e n on the completion of their apprenticeships and go on to learn the
finer points of their trade by practical experience before becoming fully-fledged
Trad e s m e n , so must we expect graduates to grow and develop as they move out into the
profession. This has always been, and will remain, the province of the employer and
employers must continue to be prepared to shoulder that responsibility.
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