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Abstract

University graduates may struggle to
convert the skills they have learnt in
software engineering design principles

to real-world situations such as would

be found in industry. The traditional
teaching practice of lectures and tutorials
is not providing the context nor sufficient
practice for students to develop the skills
needed to solve real work problems.

This paper investigates the use of
Problem Based Learning (PBL) and its
application to software engineering and
distance education. Through a sound
pedagogical approach the key skills of
PBL (as endorsed by PBL practitioners,
such as problem solving and independent
learning) can be developed in the students
as they are exposed to real world software
engineering problems.

Introduction

Software systems are often complex and
shifting, and the development of such systems
can be extremely challenging. Equipping
software engineering graduates with the

skills and abilities needed by the industry to
meet these challenges is very important to an
institution of education.

Software engineering is a developing area of
study within the programme offered by the
Faculty of Engineering and Surveying at the
University of Southern Queensland (USQ).
USQ has a unique study environment and
culture, and developing a curriculum to suit our
student cohort, as well as industry standards,
challenges academics to innovate and improve
study material and delivery methods.

Background to USQ and its PBL
courses

USQ is a regional university, with its main
campus in Toowoomba located approximately
150 km inland from the state capital, Brisbane.
The University also operates two other
campuses in Queensland at Springfield and

Fraser Coast. The University began operation
in 1967 as an Institute of Advanced Education
and gained university status in 1990. During
this time it has gained an international
reputation for distance and flexible education.
In addition to face to face classes, the
University offers the majority of its courses in
traditional print, online and enhanced modes
for study by distance students. Indeed the
majority (75%) of the University's 26,000
students study away from the campuses using
these flexible delivery modes. Only 25% of
students enrolled at the University study in a
traditional campus setting.

The University has five faculties including
Engineering and Surveying (FOES). FOES offers
a variety of undergraduate and postgraduate
qualifications. The undergraduate programmes
include: a two year Associate Degree, a

three year Bachelor of Technology, a four

year Bachelor's Degree and five year Double
Degree programmes. These programmes

are fully articulated, offering flexible entry
points and catering for students of diverse
educational backgrounds, as shown in Figure
1. The Faculty is unique in that there are no
departmental divisions. Many of the large core
courses, particularly in the first year, are team-
taught by staff from all disciplines.

In 2001 the Faculty introduced a strand of four
core courses to teach fundamental technical
knowledge and key generic attributes. These
courses use a Problem Based Learning (PBL)
methodology which was considered by the
Faculty to be best suited to deliver the graduate
attributes now required by the engineering
accreditation body, Engineers Australia.
Accreditation worldwide is now focusing on
graduate outcomes rather than the educational
process. There is an increasing emphasis

on teamwork, communication skills (oral and
written, formal and informal), problem solving
skills and lifelong learning (IEEE, 1996; IEAUST,
1999; ABET, 2000; Engineering Council UK
(ECUK), 2003). PBL can deliver these required
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Figure 1.

attributes whilst also exposing students to
complex real world engineering problems
relevant to their future professional careers
(Felder et al., 2000).

The four PBL courses are delivered to all
students of the Faculty, both on-campus and
distance. The students work in multidisciplinary
teams solving complex real world engineering
problems. The distance students utilise a
variety of electronic communication methods,
both synchronous and asynchronous, working
in teams to solve the given problems and meet
individual learning goals which are aligned with
particular course specifications (Brodie, 2006;
Brodie, 2007a).

These four courses have been very successful
and have been recognised in both University
and national teaching and curriculum awards.
They deliver significant benefits to students,
staff and the Faculty including, for students,
increased retention and pass rates, extension
of existing skills, recognition of prior knowledge
and independent learning and research skills.
The courses are routinely used as training for
staff to gain experience in cooperative learning
techniques which assist in updating didactic
teaching methods. The Faculty has also formed
a Centre for Engineering Education Research to
support staff in scholarly and research activities
centred on learning and teaching.

Articulation of Faculty programmes
(http://www.usq.edu.au/resources/

ugengineeringweb.pdf)

engineering education

Articulation
between
UsQ programs

: Entry points

Certificate or Diploma

BRODIE et al.

It has been demonstrated that the difficulties of
delivering PBL to distance students dispersed
around the world and working in different time
zones (such as completing team projects
and meeting individual learning goals) can be
overcome by using an appropriate Learning
Management System (LMS). This provides
team and individual facilitation to overcome
team and technical problems and develops

a community of practice within and between
teams (Brodie and Gibbings, 2007).

Background to PBL

Most current literature is based around the
introduction of PBL to the medical school at
McMaster University in Canada in the 1960s,
but its intellectual history is much older.
Thomas Corts of Samford University describes
PBL as ‘a newly recovered style of learning’
(Rhem, 1998).

PBL is a pedagogical strategy where students
are presented with open-ended, contextualised,
real world situations. They develop content
knowledge, application of knowledge and
problem-solving skills by defining the problem,
sourcing resources (including prior knowledge
and experience of team members) and
identifying gaps in their own knowledge (Mayo
et al., 1993; Brodie, 2007b). PBL is now a
widespread teaching method in disciplines
where students must learn to apply knowledge,
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not just acquire it (Wilkerson and Gijselaers,
1996; Brodeur et al., 2002).

Student learning occurs within small group
discussions and the academic assumes the
role of a facilitator, not a lecturer (Aspy et al.,
1993; Barrows, 2000). Thus the amount of
direct instruction is reduced and students
assume a greater responsibility for their own
learning (Bridges and Hallinger, 1992). As they
can share prior knowledge and experience
with the group, mentoring and peer assistance
assumes a more prominent role in the student
learning experience and helps build a learning
community. This shared and interdependent
learning experience can be successfully carried
out in an online or virtual environment, given
appropriate scaffolding. The novel approach
taken by the Faculty in delivering PBL to
distance education students supports learning
in virtual teams and develops problem-solving
skills (Brodie and Gibbings, 2007; Gibbings
and Brodie (in press)).

The educational and philosophical theories
underpinning PBL were not explicit in early
PBL literature (Newman et al., 2001; Rideout
and Carpio, 2001) and the pioneers of the
McMaster programme had no background

in either education or psychology. They

simply thought that learning in small teams
using authentic cases and problems would
make medical education more interesting

and relevant to their students (Barrows,

2000; Newman et al., 2001). This current PBL
methodology is now used in more than 80% of
medical schools in the USA (Vernon and Blake,
1993).

From these beginnings, PBL has been
incorporated into a wide range of professional
studies including nursing, dentistry, social work,
management, engineering and architecture
(Boud and Feletti, 1997) and spawned a
plethora of educational terminologies with

an almost unclassifiable array of categories
(Barrows, 2000).

In this paper, PBL is defined as:

[...] a constructivist learning paradigm where
small groups of students, engage in cooperative
learning and collaborative problem-solving

to solve problems in complex and authentic
projects. These projects pursue specified
learning outcomes that are in line with
academic standards and course objectives

with assessment focusing, to a varying degree,
on the project outcome versus team process.
(Brodie and Borch, 2004)

PBL and distance education

PBL has been slow to be integrated into
distance education. There are limited
references to PBL in distance education and
all of the documented situations rely, at least in
part, on some face to face interaction between
the students. In many situations, distance PBL
simply refers to students meeting off the main
campus of a university, but still meeting face to
face.

For application to the Faculty’s situation, any
course utilising PBL must be able to deliver the
same benefits to teams working virtually as for
those teams working face to face. Research
conducted by the PBL teaching team at USQ
shows that even the on-campus students are
now fully embracing the electronic discussion
methods and virtual team work primarily set up
for distance students (Brodie, 2006; Brodie and
Gibbings, 2007). The student cohort develops
a ‘community of practice’ where students
interact not only to solve the given problems
but also on a social level. Mentoring and peer
assistance is strongly encouraged, and in

fact rewarded by the assessment scheme
(Gibbings and Brodie, 2008).

The PBL courses at USQ utilise a Learning
Management System (LMS) — WebCT Vista 4
—which is the standard LMS for the University.
This is delivered through a student “StudyDesk”
and provides discussion boards and chat
facilities for each team, electronic submission
of both individual and team work and the ability
to deliver online assessments and surveys.
Any future courses using PBL can make use

of a significant body of scholarship, research
and experience developed in the Faculty in
delivering PBL to distance students (Helbo et
al., 2001; Aravinthan and Worden, 2006; Brodie
et al., 2006; Brodie and Gibbings, 2007).

Background to software engineering
Software engineering is an engineering
discipline which is concerned with all aspects
of software production, from the early stages of
system specification through to maintaining the
system after it has gone into use (Sommerville,
2007). Many people see software development
as something done by individuals spending
long hours in front of a computer. Hogan and
Thomas (2005) believe this image is reinforced
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by secondary and tertiary education where
students must complete simple programming
tasks entirely on their own. Indeed it is common
to punish group collaboration. However, the
professional practice is dominated by the team
environment and thus individual programlming
courses only go a small way to fulfilling the
professional requirements of a software
engineer. Zucconi (1995), as cited in Armarego
(2004), suggests that software engineers

need to be able to work as a member of a
multidisciplinary team, to be well organised,
engage in lifelong learning and be able to work
within the scope of the employer’s policies and
procedures. Gibson and O’Kelly (2005) add

to this list by citing critical thinking, problem
analysis, solving complex real world problems
and demonstration of versatile and effective
communication skills both oral and written.
However it is recognised that these attributes
need encouragement and support to develop
— they do not develop by “osmosis” (Bowden
and Marton, 1999).

These generic attributes are very similar to
those of traditional engineering students (e.g.
civil, electrical etc). This is traced back to

the very beginning of software engineering
when, in 1968, Peter Naur coined the term
“software engineering” at a NATO conference
and pointed out that software development
should follow an engineering paradigm
(Learning Computing History, 2004). Ford
(1990) defines software engineering as ‘'that
form of engineering that applies the principles
of computer science and mathematics to
achieve cost-effective solutions to software
problems’ (as cited in Armarego, 2004). The
IEEE describes software engineering as

‘the application of a systematic, disciplined,
quantifiable approach to the development,
operation and maintenance of software’ (IEEE,
1999). These basic definitions have been
covered by eleven principles as part of the IEEE
— CS/ACM SWEEP project which state:

The professional practice of software
engineering encompasses a wide range of
issues and activities including problem solving,
management, ethical and legal concerns,
written and oral communication, working as
part of a tearm and remaining current in a rapidly
changing discipline (Delany and Mitchell, 2002).

Engineering accreditation bodies worldwide

now clearly state the need for graduates to be
able to function in a team with all the necessary
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team-work skills this entails (such as conflict
resolution and communication) and to deliver
solutions which are socially and culturally
sensitive and keep abreast with current
professional practice. The literature also goes
on to suggest that desirable graduate attributes
should be expanded to include: working
globally in a multicultural environment; working
in interdisciplinary, multi-skilled teams; sharing
of work tasks on a global and around the clock
basis; working with digital communication tools
and working in a virtual environment (Thoben
and Schwesig, 2002; National Academy of
Engineering, 2004).

Many educationalists have tried to deliver
courses to software engineering students

that replicate the work situation of the
profession. Macauley and Mylopoulous

(1995) acknowledge that a standard university
lecture cannot achieve what industry requires.
Students also believe that industry best practice
and state of the art technology should be
incorporated into the undergraduate curriculum
so that they are well prepared for a professional
career. They believe that real project work is
well regarded by potential employers (Hogan et
al., 2005). As these real projects are large and
complex, the elements of teamwork and project
management are easily integrated. Students
often complain, however, that they are never
given any advice or guidance on how to work in
a team (Hart and Stone, 2002).

Team work

In PBL, the team is the key component for
successful student outcomes and individual
learning. The team must be committed to a
common goal, work interdependently and

be mutually accountable. Team members
have complimentary skills which support
mentoring and peer assistance and they share
responsibilities and tasks in line with individual
learning goals.

In PBL the basis for learning the required
technical concepts is the interaction of team
members in delivering the required outcomes
of the project. There are many factors which
influence the effectiveness of a professional
team and not all of these can be addressed
within the undergraduate environment
(Hogan and Thomas, 2005). Support offered
by facilitators or instructors usually centres
on communication and time management
(Delaney et al., 2003; Armarego, 2004; Hogan
and Thomas, 2005). The advantages offered
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by the USQ curriculum is that the foundation
skills of teamwork and communication are
covered in the existing problem-solving strand.
These co- and pre-requisite courses also
incorporate the skills of conflict resolution,
leadership, self directed and peer assisted
learning and reflection (Brodie, 2007a). Thus
the development of any course which uses PBL
can build on and extend these skills and it can
have an overarching focus on the technical
content. Due to exposure in other PBL core
courses, students undertaking a software
engineering course using PBL should already
be proficient in time management, self-directed
learning and conducting both virtual and face
to face meetings.

Research from the first PBL courses shows
that 81% of students agreed that the course
increased their ability to work in a team; 73%
of students agreed that the ability to learn
independently increased and 79% believed
their communication skills had increased.
These are the averaged results from five years
of data (Brodie, 2007a).

Team selection

The literature varies on methods of team
selection. The two most common items are the
three core personality types: task-orientated,
self orientated, and interaction oriented (Bass
and Dunteman, 1963) and the Myers-Briggs
profile (Myers, 1998), as cited in Thomas,
1999). Thomas (1999) also investigates the
use of Belbin team roles and concludes that
these do not seem to predict the success or
failure of a team within software engineering
projects. Other literature reports that team
members are selected so that academically
weaker students gain the advantage of working
with academically stronger peers (Delany and
Mitchell, 2002; Delaney et al., 2003).

At USQ, in existing PBL courses, differing
methods are used to select teams. In the
foundation course, after several years of
random selection of students, the teaching
team now uses a “skills audit” to determine
prior knowledge and skills in the commencing
student cohort. This ensures a mixture of
foundation skills within the team, from report
writing to knowledge of mathematics and
physics (Gibbings and Brodie, 2006). This has
significantly improved mentoring outcomes
within teams.

The second and final PBL courses still require
teams to be multidisciplinary and a random
team selection process is employed. The

third course is trialling student groups based
on Grade Point Average (GPA). These results
are still to be analysed but if this method is
successful and proven to be academically
sound it could form the basis for team selection
in the software engineering course.

This background of PBL at USQ provides the
students with different aspects of team working
and should be capitalised on in the software
engineering course.

Curriculum development

ELE3401 Software Engineering Design
Principles (SEDP) is one of the main courses
offered to the third year students who study
software engineering in the Faculty of
Engineering. SEDP introduces general and
advanced concepts and techniques in software
engineering, with emphasis on the object-
oriented design paradigm. Currently the course
is supported by printed USQ course material
and a textbook, Object-Oriented Software
Engineering using UML, Pattern and Java, 2"
edition, by Bernd Brugge and Allen H Dutuoit
(2003). The course covers about two thirds of
the book.

The aim of the SEDP course at USQ is to
provide the necessary skills and knowledge for
students to carry out the major tasks during
the development of large-scale, high quality
software systems. It teaches the processes of
requirement elicitation and analysis, system
and object design, implementation and
software validation and verification as would
be used in industry. It covers topics and issues
such as software life cycle, UML (Unified
Modelling Language) modelling, design
patterns, system decomposition, interface
specification, rational management and project
management. The students learn the practical
object-oriented techniques and skills for all the
phases in the software life cycle. The content
of this course is well suited for adaptation to a
PBL-based course.

ELE3401 was taught using traditional didactic
teaching. This included three hours of lectures
and one hour of tutorials per week. External
(distance) students were supplied with printed
course material. Additional lecture notes
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(PowerPoint slides) and tutorial questions
were posted for student access via a Learning
Management System (LMS). Some discussion
topics were also created by the examiner

on the LMS online discussion board and
students were encouraged to post questions
or their opinions to the discussion board. This
course has an average enrolment of only eight
to ten students and thus was ideal for the
implementation of a new teaching method.

Assessment was via two assignments (20%
each) and a final examination (60%).

The assignments were similar to two small

but unrelated projects. The first assignment
examined students’ knowledge and skills on
requirement elicitation, analysis and system
design. Students were given a problem
statement of a real world software application.
They were required to produce a Requirement
Analysis Document (RAD) and a System Design
Document (SDD). The students worked in pairs
for this assignment. The second assignment,
which was done independently, examined their
knowledge and skills on software testing. The
students were given several programs to apply
different unit testing techniques.

Problems with didactic

teaching methods

Although the assignments are very close to the
‘real world’ problem and the first assignment
involves minor aspects of team work, they

are relatively small and hence not suitable for
larger student teams as there are an insufficient
number and depth of tasks available. There is
also significant content which is not covered
by these assignments, for example object
design and mapping models to code. Because
of these limitations the students often do not
experience the whole picture of the design
process and do not critically evaluate their
submissions. Software engineering in the real
world commonly involves participation in large
teams, working on very large scale software
projects where proper project management
and team work are absolutely essential for the
success of the project. Therefore the need

to simulate a real life problem when teaching
software engineering design is evident.

One of the problems of the didactic teaching
method is that students do not have sufficient
practice during their education in applying
software engineering design concepts to a real
software engineering problem found in industry.
This causes a weakness in skills transfer
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between academia and industry (Thomas,
2001; O'Kelly et al., 2006).

Another issue, which is particularly serious
when dealing with distance and remote
students, is that it is very hard for the examiner
to assess whether students have made
appropriate progress. If the students do not
follow the study materials in the suggested
course plan and play an active role in their
learning, the first indication that relevant
learning objectives have not been met is when
the first assignment is submitted. However by
this point in time it is too late for appropriate
remedial actions to be implemented which
would help the student to improve. This is
evidenced by class grade records which
indicate that failure in the first assignment is
often indicative of failure in the course.

Problem development

In order to address these problems PBL has
been applied to the software engineering
course, simulating a real world software
engineering project. A complex problem is
presented to the student teams. They then
discuss the nature of the problem and the
proper ways to solve it, supported by facilitation
from tutors and general resources available

for the course. Suitable outside resources are
also sourced by the students and employed

as required. This scenario would be similar

to real projects in the software engineering
industry and encourages the development of
essential skills such as team work, planning,
problem solving, communication and critical
thinking which are necessary to succeed in the
profession (O’Kelly et al., 2006). The application
of PBL to this course also encourages students
to become independent learners, giving them
skills to cope with changing technologies and
their application in the real world.

Central to the PBL curriculum development is
the problem or problems which focus student
learning, team organisation and assessment
of both the team and individual. The problem
must be complex and open-ended, but
scoped sufficiently around the technical
learning objectives so that the students learn
the relevant technical knowledge. Thus the
construction of a suitable problem for the
SEDP PBL course is the most difficult part of
the curriculum development. One possible
solution is to choose a project which comes
directly from the software industry. Liaising with
the local IT industry provides not only relevant
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Figure 2.
Development

of student skills

and knowledge
(Delaney et al. 2003)

problems or projects but also begins to link
students with potential employers and opens
up avenues for research for the academics
involved. Consultation with industry partners
to supply suitable small projects is an ideal
solution, though the required consultation

to determine exact specifications can be
difficult, especially for distance students. The
communication between students and the
industry partner needs the establishment of
protocols and monitoring to ensure both parties
are satisfied.

The other approaches that can be used in
problem/project construction is to construct

the problem/project totally from scratch using
published guidelines (Torp and Sage, 2002).
However, again this approach has difficulties.
The project needs to cover the required content
of the course in a thorough manner and this
can take significant effort on the part of the
course designers. The preferred approach is

to use the case study given in the text for the
course (a simplified version which would enable
the students to be able to complete the whole
project in a team environment within a semester
to be able to achieve the learning objectives for
the course).

Course structure and schedule

The real world software problem is provided
by the local software industry. (Alternatively,

an appropriate final year student project can

be used. The final year project is usually
intended as an individual capstone project in
the student’s final year of the programme, but
it may be suitable for undertaking by a team of
third year students). This project is divided into
three small phases and each takes around four
weeks to complete (see Table 1).

Ateam leader and deputy team leader are
elected for each project. Weekly team progress
reports are submitted by the team leaders
indicating progress on the project, individual
task allocation and progress, comments

on project management and notes on any
team or resource problems which need to be
addressed. This provides a documented record
of team progress and individual contributions.
Each project is worth 25% of the final mark and
three projects total 75% of the final mark. The
remaining 25% is covered in a one hour closed
book examination.

PBL actively engages students in their

own learning and connects it with existing
knowledge (Woods, 1994). This knowledge
may be directly connected with the problem
and the technical content or it may be
supporting knowledge and skills, such as
leadership and teamwork. PBL can effectively
use the prior knowledge and skills of students
and then, through course planning and
scaffolding, build new knowledge and skills as
shown in Figure 2.

New Knowledge and Skills

Software Engineering Activities
Team Work
Lecturer and peer support
Reading Resources

Current Student Knowledge

Table 1. Course project schedule

Project Semester Week Tasks Products

Phase 1 1-4 Requirement elicitation Requirements Analysis
and analysis, system Document (RAD), System
design Design Document (SDD)

Phase 2 5,8-10 Object design, Object Design Document
implementation (ODD), coding listing

Phase 3 11-14 Software testing Testing report
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Table 2. Positioning of the software engineering course, supported by other PBL courses

PBL Course Position in programme

ENG1101 Engineering Problem Solving 1 (core course) Yr 1 Semester 1

ENG2102 Engineering Problem Solving 2 (core course) Yr 1 Semester 2

ENG3401 Software Engineering Design Principles (SEDP) Yr 3 Semester 1

ENG3103 Engineering Problem Solving 1 (core course for BEng students) Yr 3 Semester 2

ENG4104 Engineering Problem Solving 1 (core course for BEng students) Yr 4 Semester 2
The siting of the course within the programme problem-solving strand as its foundation.
of study determines much of the starting skills This strand of courses provides the students
and knowledge of the student cohort. The with many of the required foundation skills,
USQ student cohort at commencing level is including working in multidisciplinary teams,
very diverse, with students varying in age, solving complex problems, communication and
entry path, work and study experience (Brodie, teamwork and provides an excellent framework
2007a). The existing problem solving strand in which to situate the ‘technical content’
provides basic skills and scaffolding in self demanded of the course.

directed learning, teamwork, communication
and reflective practice, all of which the software  The use of real world problems has significant

engineering course builds on. It provides benefits, both professionally and educationally.
an excellent framework in which to situate The integration of the ‘soft skills’ and technical
the ‘technical content’ demanded of the content enhances students’ development
course with two core PBL courses providing in both areas. Overseeing, monitoring and
experience of PBL and developing the required mentoring teams can become a much more
supporting skills (see Table 2). Hogan and rewarding task for academics and tutors.
Thomas (2005) report that after a first year However moving from the role of lecturer to
experience of PBL the fundamentals of facilitator does require new skills. In addition,
teamwork have been acquired and subsequent ~ more time and emphasis need to be placed on
team projects are less directed. This impacts the development of problems which incorporate
on the type and scope of projects or problems required learning objectives and can be
designed for the course. undertaken by both on-campus and distance

students working in virtual teams. Thus it is not
Conclusion without considerable planning and resources
The integration of PBL into the software that a PBL course is developed and delivered.
engineering major at USQ uses the existing u
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