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In North Americaand globally, astudent-centred PBL |earning approachisutilised in many schools
of nursing and medicine, and is gradually being integrated in to engineering programmes. PBL
involves students working in small groups to analyse problem situations as a basis for acquiring
knowledge, skills and attitudes. The skill set required of engineers has changed towards one of
design, problem-solving, teamwork and communication. The changing demands of the accreditation
processalso cal for aparallel changein curriculum planning from ateacher-centred pedagogy to a
PBL approach. Engineering graduates from a PBL programmewill be better suited to the changing
nature of the workplace as self-directed and life-long learners. This paper will discussthe research
evidence regarding PBL in the health sciences and engineering literature, its applications to
engineering schools, and the potential impact on the global workplace.

INTRODUCTION

In thisage of booming information technol ogy, gradu-
ates of engineering programmes are expected to be
quick learners, adaptable, current in their knowledge
and aso be innovative. This age aso requires engi-
neersto beflexible, life-long learners. In the words of
achemical engineer, Donald Woods,

Learning subject knowledge today is not
sufficient for challenges of tomorrow. You
will need to keep yourself up to date. You
will need to learn new knowledge each
week of the rest of your life [1].

Another educator, Loris Malaguzzi, stated:

*A revised and expanded version of an Opening Address
presented at the 6" UICEE Annual Conference on
Engineering Education, held in Cairns, Australia, from
10to 14 February 2003. This paper wasawarded the UICEE
diamond award (joint first grade with one other paper) by
popular vote of Congress participants for the most signifi-
cant contribution to the field of engineering education.
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Learning and teaching should not stand on
opposite banks and just watch the river flow
by; instead they should embark together on
a journey down the water. Through an
active, reciprocal exchange, teaching can
strengthen learning how to learn.

Simply put, engineering graduates and engineering
professors need to give thoughtful consideration to
current pedagogical approaches. Do engineering
graduates have the comprehensive skill set necessary
to take on this brave, new booming world?

Problem-Based Learning (PBL) education is the
curricular answer to meet the needs of the changing
global workforce. A student-focused PBL curriculum
will enable educatorsto successfully chart the course
of engineering amid theturbulent river of current times.

PBL DEFINED
PBL education has two main components: the start-

ing point isaproblem; and astudent-centred approach
that affords students control over and responsibility
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for their own learning [2]. Thisisin contrast to tradi-
tional programmes that are teacher-centred, where
the teacher or textbook determines what the student
should know [1]. Theteacher in PBL isthefacilitator,
coach, or guide on the side, rather than the sage on
the stage. The PBL curriculum is organised around a
series of problems and the conditions for learning
favour salf-directed learning, group work, critical think-
ing and self-reflection [2].

Exploring the literature on PBL revealsthat many
words are used to describe this teaching method:
research project; case method; design project;
experiential encounter; project-oriented; cooperative
learning; explanation-based learning; active learning;
or small group learning [1]. This is not even an
al-inclusive list. No matter how it is described,
essentially PBL is Learning which results from the
process of working towards the understanding or
resolution of a problem [3].

PBL was originally conceived to involve small
groups of five to ten students with a faculty member
as the tutor. This is the structure at many Canadian
schools of nursing and medicine. However, PBL
has been adapted to large groups, particularly in
engineering programmes [2]. For example, this is
the application in the chemical engineering programme
at McMaster University, Hamilton, Canada.

PBL curriculacan also include tutorless groups or
groups with awandering tutor [4]. In the case of the
tutorless groups, students' group processand facilita-
tion skillsaredevel oped first in order for studentsthem-
selves to lead a group. The wandering tutor scenario
generally involves a faculty member as the tutor
being available to many small groups that operate
concurrently in one classroom. Thus, PBL can be
integrated into an engineering curriculum along a
continuum from completely integrated problemsto a
hybrid curriculum where several PBL classes are
offered with lecture courses [2].

The PBL process consists of six steps, asfollows:

» Exploration of the problem and generation of
hypotheses;

e ldentification of learning issues (based on prior
knowledge) and information sources,

« Information gathering and independent study;

»  Critical discussion of the knowledge acquired (in
agroup setting);

»  Application of knowledgeto solve the problem;

* Reflection on the process and provision of feed-
back [1][2].

Thisprocessisdistinctly different than atraditional
approach. In a traditional programme, students

embark on learning by being told what they need to
know, learning it and then being given a problem to
illustrate how to use what they havelearned [1]. This
is a linear, teacher-centred process. Conversely, in
PBL, thelearning beginswith aproblem, studentsiden-
tifieswhat they need to know, they learnit, they apply
it to the solution of the problem and, most likely, they
generate more problems and more learning needs in
thiscyclical process[1].

The theoretical rationale for the PBL approach is
rooted in cognitive psychology. Prior knowledgeisan
important determinant of the amount and type of new
knowledgethat can beintegrated and this prior knowl-
edge needsto be activated in the context of informa:
tion being studied [5]. Thus, by starting with a
problem, the student isableto identify his/her learning
needs and structure the acquisition of new knowledge
accordingly.

The way knowledge is structured in the memory
ultimately affectsitsability to beretrieved. Thisisthe
dilemma often seen in traditional programmes. Stu-
dents cannot use knowledge they have learned from
alecture or atextbook in the practice setting [5]. The
ability to usethismemory depends on contextual cues,
the use of aproblem around which to organise know!-
edge provides such a cue and facilitates recall of
theinformation [5]. Education based on a philosophy
of PBL is a building process that is exciting and
motivating to the adult learner.

The PBL process was first developed as an alter-
nativeto traditional medical education and wasimple-
mented in 1969 in the medical school at McMaster
University [2]. PBL curriculahave spread worldwide
inmany other disciplines, such asengineering, but also
including nursing, architecture and business[1][2].

Due to the prevalent use of PBL, particularly in
health sciences education, a significant amount of
published research exists to support its use as an
effective curriculum design.

SUPPORT FOR SELF-DIRECTED
LEARNING: RESEARCH ON PBL

The main question raised by the engineering educator
iswill PBL work? Many studies in both the health
sciences and engineering have sought to answer this
guestion. These studies will be summarised using
Kirkpatrick’shierarchy levelsof evauation [6]. It should
be noted that Kirkpatrick is amedical educator.
Thelevels of evidence range from the simplest to
most complex: participation, reaction, learning, perform-
ance and impact. Studies that evaluate participation
look at whether or not students attended class. An
examination of reaction involves determining how
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studentsfed about PBL. Learningistypically measured
by standardised tests of gainsin knowledge. Perform-
ance evaluates actual changesin students' behaviours.
An evaluation of impact is the most important — yet
challenging — to measure, as it looks at the impact a
PBL curriculum has made on the delivery of engi-
neering services. No literature could be located on
thistopic; it is certainly an unexplored area.

In the medical literature, the reaction of students
and faculty in medical and nursing schoolsusingaPBL
approach hasbeen addressed in six qualitative studies
and six quantitative studies [2]. PBL studentstend to
rate their experiences more favourably than their
traditional programme counterparts. Studies of
faculty have found that the opportunity to interact on
a more persona level with students was cited as a
primary source of satisfaction [2].

Limitations to the PBL approach were noted by
students and included: concern whether they were
learning al of the essential content, problematic group
process issues and inconsistent expectations of
faculty. Faculty described the loss of control and
difficulty with evaluation as limiting factors to their
satisfaction [2].

The bulk of the engineering literature on the reac-
tion of engineering studentsto a PBL curriculum has
been done at Aalborg University in Denmark [7]. A
large-scale evaluation of PBL was undertaken utilis-
ing questionnaires to study the reactions of students,
employers, graduates and external examiners. It was
noted that students:

e Choseto go to Aaborg because of PBL;

« Areenthusiastic about group work;

e Felt PBL prepared them for graduation;

*  Felt better prepared in management, cooperation,
problem-solving, teamwork, and general techni-
cal knowledge [7].

In addition, the external examiners felt that
students’ project work prepared them beyond techni-
cal information. The employers felt that the strong
interaction with private companies during the project
work was very beneficial and that PBL studentswere
more cooperative. Half of the graduates, practicing
engineers, felt that the source of their professional
knowledge was from the project work. Students did
express some concerns, namely that they felt worse
prepared in detail ed textbook and fundamental knowl-
edge and described a feeling of diffuseness about
technical coherence [7].

In summary, engineering and health science
students and faculty rate PBL positively; they enjoy
the educational process.

To evaluate the learning outcomes of PBL in the
health sciences, Albanese and Mitchell conducted a
meta-analysis of all printed studies with PBL in the
title published between 1972 and 1992 [8]. The
evidence from this review was slightly in favour of
non-PBL programmes when outcomes are measured
with traditional multiple-choicetests[8]. Morerecent
evidence suggests that the differences may actualy
not be significant [2].

Inengineering research, external examinerssurveyed
inthe Aalborg experiment found no differencesin the
level of thesiswork between PBL and traditional stu-
dents. Eighty percent of Aalborg graduates passtheir
final exams and have alower dropout rate than tradi-
tional engineering programmesin Denmark [7].

With respect to actual performance, the bulk of
the research has been done in the health sciences
where PBL curricula have been in place longer and
more consistently. PBL learnersin medical programmes
demonstrated better clinical performance[2]. Another
study of nursing students reported that PBL students
felt better prepared in communi cation and self-directed
activity, but that there was no statistically significant
difference in their perceived abilities related to
clinical functioning and decision-making [2]. Self-
directed learning and life-long learning are skills in
which PBL students perform exceptionally well [2].
PBL students spend more time in the library, check
out more library books, and use a wider variety of
written materials[8]. PBL students also place greater
emphasis on journals and online literature searches
[2]. These behaviours suggest that a PBL curriculum
promotes|life-long learning abilitiesin students.

Much more quality research is needed on the
subject of empirical support for PBL. In particular,
the performance of engineering students in PBL
curriculawarrantsexamination. Also, neither the health
sciences nor the engineering literature report studies
of the impact of PBL educated employees on the
delivery of health care and engineering services.

Summing up, the faculty and student reports of
satisfaction suggest PBL is a viable and stimulating
method of education. Being satisfied with the curricu-
lum facilitates motivation, which prolongstime at study,
and should positively influence achievement. In addi-
tion, working in small groups facilitates the devel op-
ment of collegiality [9]. The PBL process means
students are working together to solve problems by
dealing effectively with disagreements and conflicts
of opinion. These are skills that are critical in the
workplace in these times of tight resource allocation
and competitive markets.

A PBL curriculum is alogical fit for developing
thisrequired skill set for engineers of problem-solving,
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teamwork and effective communication, as has been
stated:

[PBL] has been introduced because of a
new emphasis on producing a well-rounded
graduate, ie someone with not only a
sound knowledge of engineering science,
but also a whole raft of vital professional
skills and a creative and enquiring mind [3].

ENGINEERING CURRICULUM AND PBL

With anumber of notable exceptions, most engineer-
ing programmes have been based on avery traditional
curriculum and way of teaching [10]. The curriculum
consisted of a number of subjects (eg mathematics,
physics, mechanics, thermodynamics, etc), normally
five to seven per semester. Almost all were taught
using traditional classroom teaching methods; some
subjects were taught in combination with laboratory
experiments[10]. Each subject wastaught by anindi-
vidual teacher with an examination for each subject
at the end of the semester. These subject cores are
isolated from each other by strict boundaries and the
student studies the theory first and then attempts to
apply itin practice[11].

In contrast, the notabl e exceptions are found inter-
nationally in engineering education. At McMaster
University, the engineering programme has used aPBL
approach for the past 20 years. Prior to theinitiation and
devel opment of thisPBL programme, engineers Crowe
and Woods examined the undergraduate programme
by participating in classes to determine what the
students were learning and where the specific diffi-
culties were with course content [12]. Aalborg
University implemented aPBL curriculumin 1974 [7].
Monash University in Australiaand the University of
Manchester in England have programmes and courses
with a PBL curriculum [3][13]. In Singapore, both
Temasek Polytechnic and the Republic Polytechnic
have completely PBL curriculafor computer, el ectri-
cal and industrial systems engineering diploma
programmes [14][15]. Other universities across the
world do have coursesin their engineering programmes
that are conducted with a PBL approach [16].

The movement towards a PBL approach has
erupted from the considerable examination and criticism
of the traditional approach. Dr Bill Wulf, the current
President of the National Academy of Engineering
in the USA, states that the traditional engineering
curriculum has not been fundamentally updated since
World War Il and, therefore, has not kept pace with
rapid changesin engineering brought about by advances
in technology [17]. He stresses that it is important for

engineersto appreciate the human dimensions of tech-
nology, understand global issues, be sensitive to
cultural diversity and know how to communicate
effectively. Many students graduate deficient in these
areas and companies often need to invest one to two
yearsin on-the-job training to fully prepare engineer-
ing graduates for the workplace [17].

Another compelling argument on the need for a
change from the traditional curriculum has been
proposed by Moesby [18]. He suggests that the one
problem facing modern engineering education ishow
to adapt quickly to an ever-changing world and to keep
up with an almost exponential growth of knowledge.
He argues that the knowledge that students can
acquire within a given timeframe is limited, so they
will know relatively lessof the current knowledge avail-
ablewhenthey finish at university, compared with the
knowledge present when they actualy started. He
argues that we must endow students with the skills
and competence to seek and utilise new knowledge
independently.

Furthermore, Dale, in his Cone of Learning model,
suggests that people learn and retain 20% of what
they hear, 30% of what they see, 50% of what they
see and hear, 70% of what they say, and 90% of what
they experience directly or practice doing [19]. This
concept is very much in keeping with an old Chinese
proverb, which nicely summarises the difference
between traditional subject-oriented education and the
project-oriented educational model of PBL [20]:

Tell me and | will forget
Show me and | will remember
Involve me and | will understand
Sep back and | will act.

In PBL, thelearning processisbased on aredl life
problem, such as the workplace or research setting
[21]. PBL gives the students the responsibility and
opportunity to identify what kind of information they
need and how to combine facts and knowledge from
different areasin order to find out how problems can
be solved. Perhaps Winston Churchill summarised this
best of all: 1 am always ready to learn although |
do not always like to be taught. PBL students learn
to be and become self-evaluating. All of these abili-
tiesare key skillsfor their futureworking lives[17].

ENGINEERING ACCREDITATION: PBL IS
CENTRAL

Theaccreditation criteriain North Americahave been
evolving over recent years, but have undergone far
greater changes in the USA than in Canada. The
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Accreditation Board for Engineering and Technol ogy
(ABET) system in the USA has moved to an out-
comes assessment approach rather than the prescrip-
tive approach still taken by the Canadian Engineering
Accreditation Board (CEAB) in Canada, where the
curriculum isdefined in Accreditation Units (AUs) in
mathematics, basi ¢ sciences, engineering sciencesand
engineering design, and complementary studies
[22][23].

ABET requires engineering programmes to
demonstrate that their graduates have the following:

* An ability to apply knowledge of mathematics,
science and engineering;

e Anability to design and conduct experiments, as
well asto analyse and interpret data;

«  Anability to design asystem, component or proc-
ess to meet desired needs;

e Anability tofunction on multidisciplinary teams;

* An ability to identify, formulate and solve engi-
neering problems;

* An understanding of professional and ethical
responsibility;

* Anability to communicate effectively;

e Thebroad education necessary to understand the
impact of engineering solutions in a global and
societal context;

* A recognition of the need for, and an ability to
engagein, life-longlearning;

« A knowledge of contemporary issues;

* An ability to use the techniques, skills and
modern engineering tools necessary for engineer-
ing practice.

Although some of these outcomes can be achieved
by the traditional use of lectures and homework as-
signments, amore powerful approach istoimplement
a PBL-based engineering programme that meets all
of these objectives and develops students’ ability to
function on multidisciplinary teams[24]. Although the
CEAB criteria are not as focused on the outcomes
assessment, there is an increasing acknowledgement
in the criteria of need that the engineer:

» Be adaptive, creative, resourceful and respon-
sive to changes in society, technology and
career demands (Section 2.1.3).

« Be aware of the role and responsibilities of
the professional engineer in society and the
impact that engineering in all its forms makes
on the environmental, economic, social, and
cultural aspirations of society (Section 2.1.4).

» To function as an effective member of a team
and to be able to communicate both within the

profession and with society at large (Section
2.1.5)[23].

Many of these needs can be satisfied better when
the engineer has undertaken a PBL -based programme
as a student rather than a traditional programme.

VALUE-ADDED IN THE ENGINEERING
WORKPLACE

The skills and knowledge base that engineering
students of a PBL curriculum acquire directly affect
and enhance their ability to be more successful
engineers upon graduation. The skills demanded by
employerstoday have changed radically withthetech-
nological explosion. Good reading and writing skills
are no longer enough. The skills essential in today’s
worker also include: computing, speaking, listening,
solving problems, managing oneself, knowing how to
learn, working as part of ateam, and leading others
[25]. These skills are not readily developed and
fostered in most traditional engineering programmes.
It seems counter intuitivethat universitiesremain some
of themost conservativeinstitutions. Why have teach-
ing practices and curricula not changed at the same
rate as the workplace?

However, asaready noted, aPBL curriculum does
develop these essential skills that employers are
demanding. PBL gives studentstheresponsibility and
opportunity to:

* ldentify what kind of information they need;

» Combine facts and knowledge from different
areas;

e Find out how problems can be solved;

e Besdf-evauating.

As demonstrated in the health sciences literature,
PBL studentsarelife-longlearners, and thisiscritical
in ever-changing workplaces. Thelife-long learner will
continually be updating his’her knowledge base and
know-how and where to access this required infor-
mation.

In addition, PBL students have studied rea-life
problems and have gained better insight into what
to expect from their profession and what kind of
knowledge will possibly be needed [11]. By learning
the theory component in the context of a real-life
problem, the student has better developed the
cognitive structures that are needed to retrieve this
information for its future use and application in the
workplace.

Of particular importance are the group work skills
that PBL engineering students develop. By working
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insmall groupsto tacklered-life problems, collegidity
and teamwork skillsaredeveloped[9]. Thereisaproc-
ess of collaborative learning where the emphasis is
having students work together to get a job done [9].
For example, thiswould be similar to what they would
experiencein the actual workplace. The collaborative
skillsthat students must have and useinclude; leader-
ship, decision-making, trust building, communication
and conflict-management skills[24].

Finally, PBL students are more confident and feel
better prepared to graduate [5]. All of these abilities
arethe key skills and attributes needed for successin
the engineering workplace. Aalborg University is a
pioneer in thefield of PBL-based engineering educa-
tion [26]. They have shown that

PBL-education graduates and students
leave university with better qualifications
to tackle a wide range of new problems,
across the traditional boundaries of
disciplines. These students graduate with
better qualifications in important work
skills like cooperation, communication
and management of the creative process.
Against this background one would
expect that the employers would welcome
newly graduated PBL engineers - and this
is indeed the case [27].

CONCLUSIONS

Engineers are problem solvers. This is a statement
withwhich very few educatorswould disagree. How-
ever, there is disagreement as to how engineers are
taught to be problem solvers? [28]. Based on the
evidence from over 30 years of experience in engi-
neering programmes in Europe and North America,
the answer to this question appears to be: using a
PBL-approach.

PBL emphasises learning instead of teaching.
Learning isnot like pouring water into aglass; learn-
ing is an active process of investigation and creation
based onlearners’ interest, curiosity and experiences,
and should result in expanded insights, knowledge and
skills[20][29].

Embarking on thispath of curriculum revolutionis
not without itschallenges. As stated by Glen O’ Grady
at the Republic Polytechnic:

It is not difficult to find educators who
are sympathetic to the principles of PBL
but what is challenging is having the will,
capacity, opportunity, and knowledge of
how to apply these principles to specific

contexts. For those embarking on the path
of implementing PBL, the way is often
unmapped and the light is dim [15].

Despite the easily imagined difficulties, al isnot
lost on the high seas. This does not mean that educa-
tors should not consider PBL. Asthe ancient proverb
suggests, ajourney of athousand miles always begin
with just one step. Total curriculum revolution does
not happen overnight. As previously explored, PBL
can be integrated within even one class using a
wandering tutor model to explore an interesting
problem. Taking that first step can start the exciting
process towards curriculum innovation. Taking the
initial risk will liberate educatorsfrom theriverbanks
as they embark on a voyage of discovery with their
students.

The need is present for change; the global and
work environments demand it. Graduatesfrom aPBL
programme will be better suited to the changing
nature of the workplace. As self-directed, life-long
learners, these graduates will add value to the
workplace by being adaptable to changes and being
better able to help their companies compete in a
global workplace.
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