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Knowledge is recognised as a key element of organisational value. Some organisational models
have been proposed in which the core headcount is concerned with the ability of the organisation to
make effective use of its knowledge resources. The graduate Engineer has satisfied the academic
standards of the appropriate institution for Chartered Engineer membership. The transition from
graduate to professional engineer is marked by the development of skillsthat rely on the ability to
integrate engineering knowledge with other skills, such asjudgement, ethics, people skillsand personal
development. Two issues arise from these observations, namely that employers are looking for
knowledge skills in addition to engineering knowledge, and professional development to meet
standardsfor chartered engineer will be consistent with the knowledge focus of the organisation. In
this article, the authors suggest that these two issues pose fundamental questions concerning
the basic skills gained as undergraduates and how they influence employability and professional
development. Further consideration is given to how curricular change might address these issues.

INTRODUCTION

Attaining the status of Chartered Engineer requires a
practicing engineer to have obtained afirst degreein
engineering that has been approved by the appropriate
engineering institution as meeting their academic
requirements [1]. In addition to this evidence, it is
required that it includesaperiod of practiceto asatis-
factory standard. A typical undergraduate programme
will span three or four years of formal education,
leading to the award of a degree that has been
validated, ie meets the educational standards of a
particular engineering institution.

Historically, this training in explicit knowledge
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was considered to provide the basis from which
professional practice could then be undertaken. The
emergence of knowledge and the ability of workers
to be effective in their use of knowledge is now
considered a key factor in the ability of an organisa-
tion to maintain a competitive advantage. Many
organisations now recognise this and reflect these
skillsintheir recruitment processes.

EDUCATION PROCESS

The education process or learning experience of
students varies from one discipline to another but the
objective is broadly to prepare them for their chosen
career. The learning process or experience is usually
described in terms of the mechanisms that are
employed as part of the process, and these are
usually lectures, tutorials, laboratories, etc.
Inthismode, thelearner isisolated with individuals,
relying on the content of the material delivered to
create ideaswithin his’her own mind. Ideas, concepts
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and propositionsform the content, and theinternalisa-
tion of this material is demonstrated by the student
being ableto solvedisciplinerelated problemsthat rely
on thisknowledge.

Thisview is entirely consistent with the classical
Greek notion of education and reinforced by
Descartes. Inlinewith thisthinking istheideathat the
mind is an individual property and, through acquiring
knowledge, the mind is changed and, therefore, the
individual is also changed. Thus, in the case of an
approved engineering programme, the process ddlivers
the right knowledge, that is knowledge considered
essential so that the mind is appropriately equipped
for itsultimate function of professional practice.

The demonstration of mastery of thisknowledgeis
through formal examinations, presentations and oral
examinations. The process outlined here is that
followed by most institutions of higher education
and certainly has an influence in many other forms of
education practice. Ideas are supreme and stocking
the mind of the individual with appropriate ideas is
central to the practice of the process [2].

Assumptionsand Consequences

Underlying this process are some assumptions
related to the explicit nature of the knowledge being
delivered, namely:

» Bestlearningresidesinindividual minds;

» Best learning is propositional (true/false; more
certain, less certain);

* Best learning can be expressed formally and
written down in books;

» Theacquisition of best learning aters minds;

» Such learning via bodies can ater the externa
world.

Some consequences of these assumptions are as
follows:

»  Student selection is based on performance in
written tests based on propositional knowledge;

e Thecurriculumisbased on propositional know!-
edgereflecting disciplines,

* Non-propositional learning is driven by
propositional knowledge, eg laboratory classes
used to reinforce propositional knowledge;

» Teaching isbased on lectureg/tutorials, etc;

»  Assessment is based on students demonstrating
learning by reproducing answers verbally, or
responding by written means, to questions that
require the use of propositional learning, either
singly or in combinations;

*  Numbers or grades are used to demonstrate the
amount of learning.

This set of assumptions and consequences are
mutually reinforcing in that the selection of students
pre-determinestheir aptitudefor thistype of learning.
Also, the process reinforces the learning of
propositional knowledge and their skillsinthisform of
learning.

This brief picture of learning as a process bears
many resemblances to that described by Gibbons as
model or traditional education, andismost commonly
the mode for instruction in engineering programmes

(3.
L ear ning Environments

Over the past decade, new learning environments have
developed and, in particular, Work-Based Learning
(WBL) environments have shown progressive growth
as an alternative environment for the education of
engineers [4]. Alongside, technology has provided
Web-based learning, which also has the focus of
being an off-campus|earning environment.

Within each learning environment, there are a
number of factorsthat need to be considered asto the
relevance of thelearning environment in providing for
the achievement of the required outcomes of a given
programme. For example, it seemsunlikely that awork-
based environment will underpin and sustain the study
of the fundamental s of engineering for students at the
beginning of their programmes. Alternatively, it is
guestionable if the knowledge-based skills related to
output competence within a programme can be best
achieved in an on-campus, classroom-based environ-
ment, where little correlation can be developed to a
real world situation. In this case, a Work-Based
Learning environment would underpin this type of
reguirement.

With anumber of learning environments available,
with each capable of supporting different forms of
learning, consideration needs to be given as to what
environment or environments can be used most
effectively for undergraduate, postgraduate and post-
experiencelearning.

The same critical consideration needs to be given
to modes of learning. A part-time programme may
achieve outcomesin quite adifferent way from afull-
time programme. Thus, learning environments need
to be considered carefully in termsof thelearning that
can be supported in each individual environment, as
well as the factors within each environment that
need to be considered inrelation to desired programme
outputs.



From Graduate to Professional Engineer... 91

PROFESSIONAL DEVELOPMENT

In following this thinking, it would appear that all
knowledge of any value starts as theoretical and may
eventually become practice. Professiona development
isacomplex issue, but most writers, Eraut for example,
agree that experience from actual situations is an
essential ingredient to devel oping professional skills
[5]. Experienceisthe opportunity to use propositional
knowledge in real situations so as to develop real
solutions. Thus, a simple notion of practiceisonein
which propositional knowledge and experience come
together to enable the practitioner to identify a
problem, and then formulate a solution. The devel op-
ment of thisability isnot based solely on propositional
knowledge or simply the addition of some experiential
knowledgedriven by an essential propositional require-
ment. Thus, the question forms: what constitutes a
preparation for practice?

The preparation for practice of students in other
professional groups is undertaken in different ways,
depending on the profession. Two groups, teachers
and nurses, adopt a process whereby academic
development and professional development are part
of the undergraduate training. Student teachers spend
a proportion of their time in the classroom, teaching
children. Nurses spend asignificant proportion of their
undergraduate programme on wards in hospitals
nursing. In each of these professions, satisfactory
performance of the professional activity isareguired
part of the programme before graduation.

Perhaps the most significant difference between
these groups and engineersliesin presenting students
with the reality of practice. Students have to come to
terms with the reality that not all situations fit neatly
into the boxes that theory establishes and that they
arerequired to devel op solutions based on theory but
which address a specific problem. In employing this
approach, these professional groups are actively
developing thelink between propositiona knowledgeand
experience to equip graduates with a basic profes-
sional competence before they enter practice. It may
be argued that these professions have always used
these approaches, but this does not mean that they do
not have value for other communities of practice.

TheCasefor Engineering

Engineering asaprofessionislargely concerned with
economic development in one form or another. What
has changed so that employers of engineers arelooking
for skills beyond the academic performance of
obtaining a degree? Perhaps a clue to this might be
found in considering the impact of the knowledge

revolution on national economies [6][7]. It is self
evident that, in today’s world, economic survival is
about maintai ning acompetitive advantage in amarket-
place that isfast changing and knowledge driven.

A common theme of economic management isthe
need to be competitive through having a smarter
workforcewho work smarter and produce goods more
cheaply than the competition [8][9]. At the sametime,
organisations have been assessing the value of their
knowledge. Many papers, books and articles have
been written about the devel opment of organisational
knowledge, all emphasising theimportance of under-
standing its nature, generation, capture and eventual
codification [10][11]. Much of the literature on this
recognises that not all organisational knowledge can
be written down. A not entirely apocryphal story
illustratesthis:

An engineer retires and the company call
him back to investigate a problem. He
returns to the plant and, after a short time,
places a cross at a particular point on a
machine casing and advises hitting that
point with a hammer. His bill of £5000 is
questioned by the plant authorities and
he responds by saying £500 is for the time
spent on the job £4500 is for having the
knowledge to know where to place the
Cross.

This is really an elegant demonstration of the
difference between purely propositional knowledgeand
practice knowledge, which has evolved as aresult of
experience.

As organisations began to understand this differ-
ence and the value it represents, they identified
different employment criteriafor core staff. The skill
set sought from today’s graduates involves attributes
that go beyond simply the possession of a degree.
Attributesincludethefollowing:

»  Theability to appreciate that knowledgeisan ever-
expanding domain and personal knowledgeisan
ever-changing domain;

* The importance of working in teams with
colleaguesfrom other disciplines;

* Understanding the significance of their
propositional knowledge in relation to solving a
particular problem.

Thetraditional education process briefly described
earlier conceives education and knowledge in terms of
explicit knowledge, aswell asaskill set to support the
acquisition, storage and application of such knowledge.
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Polanyi has suggested that the difference between
knowing what and knowing howisrelated to experience
[12]. Know what describesthe explicit knowledge that
atraditional education process provides. Know how
describes the ability to actually generate and
implement a solution, a skill that relies on having
the ability to relate know what and the problem to
generate know how.

In the 20" Century, know what was about using
the means of production, machinery and resourcesto
generate products and hence income. In the 21¢
Century, know what is in itself of limited value,
sinceit isnot the means of production that arerapidly
changing, but rather the knowledge upon which they
are based. In this post-modern situation know how
has to be supported by know what that is current, so
that a solution makes use of the most recent know!-
edge. In terms of the new graduate, this is a some-
times bewildering situation when their know what may
aready be out of date and they have yet to develop
the know how. In some senses, this represents the
basic dichotomy between the traditional education
system preparation for engineering practice and the
perceived skills requirements of a 21 Century
economy labour market.

DEVEL OPING PROFESSIONAL
PRACTICE

In the UK, recognition as a professional engineer is
regulated by engineering ingtitutionsand the Engineering
Council. Essentially, graduate engineers have to
demonstrate that they have met the criteria set by the
Engineering Council inrelation to professional practice.
In order to achieve this, aminimum time of two years
is usually required. The examples of teaching and
nursing noted earlier illustrate how two professional
groups have addressed theissue of incorporating prac-
tice and academic devel opment; would such arrange-
ments be possible and beneficial for engineering?

It has been suggested that experience is the
catalyst in developing the ability to recognise
problems and implement solutions, ie professiona
practice. Organisations are seeking to recruit
graduates who can demonstrate the ability to recog-
nise and solve problemswithout the need for long train-
ing periods. Looking at these two statements, it seems
clear that the opportunity to devel op these skillswould
achievethefollowing:

* Provide graduate engineers with the skills
appropriate to modern practice;

» Enhance engineering graduates employability
in amodern 21% Century labour market.

Having recognised the problem, is a solution
available? Some optionsinclude thefollowing:

»  Changethe curriculum;

*  Recogniseskillsderived from part-time employ-
ment;

» Devise dlternative degree structures.

Current Curriculum

The current curriculum requirements for undergraduate
programmesin engineering are heavily biased towards
traditional educational processes. A major influence
on curriculum content is that provided by accrediting
institutions; thus, any change to accommodate
practice would need their approval. Two issues are
involvedinthis, namely:

* A recognition that some reduction in actual
propositional knowledge does not invalidate the
academic content;

* Theinclusion of practice is a recognition of
21% Century employability trends.

In order to incorporate practice, a number of
obviousdifficultiesarise, such as:

»  The opportunity for practice (nurses and teachers
have a clear resource for this);

* A change in the structure awards to recognise
the successful completion of practice.

UNDERGRADUATE LEARNING
ENVIRONMENTS

Work-Based Learning (WBL) environments support
the mode 2 approach to educating engineers, wherein
learning is driven through an environment that is
transdisciplinary [2][13]. Fundamental to thisis the
availability of tacit knowledge and itsintegration with
explicit or codified knowledge. However, what is
probably not available arelearning environments that
facilitate the teaching of the fundamentals of engi-
neering needed within an undergraduate programme.
While a typical environment might facilitate the
understanding of a few fundamentals, it is highly
unlikely to providetheideal environment. Thus, it can
be concluded that a work-based environment is not
the optimum learning environment for the early years
of undergraduate programmes, where the main
outputs are associated with establishing the funda-
mental s of engineering and the required mathematics.

However, other aspects of the programme could
be suitably developed using a workplace learning
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environment, where the student could be introduced
to experience-led learning as opposed to instruction-
led learning. Introducing the student to the two
different learning environments at the start of a
programme will facilitate the student developing a
balanced view of the validity of the environments.
Many programmes contain professional development
planning that involves the development of a range
of practical and personal skills, which could be
developed through a Work-Based Learning (WBL)
environment more effectively.

Thus, for an undergraduate programme, amixture
of the on-campus|earning environment with the WBL
environment may provide the optimum balance.
However, the combination of the environments can
vary significantly —both at levelswithin aprogramme
and across programmes overall. Placement inaWBL
environment needs to consider how functional the
environment will beto the necessary outcomes. While
the on-campus environment is very much within the
control of teachers and lecturers, the use of a WBL
environment requires negotiation and agreement with
the management in control of the workplace.

The workplace environment is not designed as a
learning environment and to use it effectively means
that educators need to work closely with the manage-
ment of the workplace to specify and define what
learning is required. Negotiation is essential and a
constructivist approach needs to be taken with the
desired outcomes clearly articulated to the supervi-
sors, the managers of the workplace environment and
the student.

Essential to success is the need to determine that
theworkplace chosen can provide alearning environ-
ment wherein the outcomes can be achieved. This
means that a suitable WBL environment can only be
achieved after discussion with the managers of the
environment, and an inspection by supervisory aca-
demic staff; indeed, this aspect is critical regardless
of whether afour-week period or aone-year periodis
used [14]. The intrinsic value of this environment is
its transdisciplinary nature where outcomes can
be effectively realised that would not otherwise be
possible in the single discipline approach of the
on-campuslearning environment.

CHANGING THE PROCESS

The basic content of the programme is normally de-
livered by a series of blocks of study referred to as
modules. These modules are arranged such that the
progression leads to a named award. In the process
of designing acurriculum of thistype, themajor know!-
edge element isnormally explicit (see Figure 1). The

Explicit knowledge
delivered as mode 1

4% Year underpinned by Yr 3,2 and 1

31 Year underpinned by Yr 2 and 1

2 Year underpinned by Yr 1

A

Explicit knowledge
delivered as mode 1

Figure 1: Explicit knowledge content in acurriculum.

knowledge base is provided by traditional means, as
is assessment and qualification. Hills and Tedford
summarise this as the professor being the sage on
the stage [14].

Onedifficulty with thismodel istheamount of time
that is spent on developing the knowledge base.
Currently, engineering programmes at a Scottish
university typically involve studying six modulesor the
equivalent per year for four years, involving a
total of 24 modules or 480 credit pointsfor the award
of an honours degree. Using this model, it is mainly
explicit knowledge that generates the credits.

Themaodel in Figure 2 attempts to make provision
for the devel opment of knowledge skillsas part of the
undergraduate curriculum by providing space to
devoteto practice. A proportion of the student effort
is devoted to practice. The impact on the curriculum
in terms of mode 1 study can be assessed as follows.
If the original model requires six modules, then reduc-
ing this by one has the impact reducing direct teaching
by approximately 17% in any oneyear. Even acasual
analysisof most curriculacurrently used by engineering

Work-based or problem-based experience

Explicit knowledge
delrvered as mode 1

\ --/- 4t Year plus Yr 3,2 and 1

4""'"/'7‘ 34 Year plus Yr 2 and 1

N oni Year plus Yr 1

Figure 2: Incorporating knowledge skills in the
curriculum.




94 G.R. Burns & C.U. Chisholm

programmes will show that the prerequisite modules
for successive years of study do not address all mod-
ules in the succeeding year. In these circumstances,
does the loss of one module create a serious reduc-
tion in the explicit knowledge base? On this basis,
it might be more realistic to make provision for
experience of engineering problems in the form of
work-based placements [15][16]. Another option is
a highly focused Problem-Based Learning (PBL)
approach [17].

The model proposed in Figure 2 offers at least an
option. However, it is dependant on engineering
institutions accepting a reduction in propositional
knowledge content.

ASSESSMENT ISSUES

What is critical for the assessment function is the
capability of those assessing the outcomes in work-
based environments. Some educators argue that only
staff in the higher education establishment, which gives
the final award, can undertake the assessment, while
other published work claims that company staff can
act as assessors, replacing or complementing the
assessment by academic staff [13]. It can be argued
that workplace supervisors and assessors would
understand the outcomes more effectively than
academics not familiar with the workplace. To date,
thisaspect remains unresolved, although thisisa ready
happening in some organisations with appropriate
training for staff.

Critical consideration needs to be given to what
assessment methods have transferability and applica-
bility in theworkplace learning environment. In order
to be effective, methods need to be evaluated on the
basis of validity, reliability, relevance and efficiency.
Formative assessment techniques should transfer to
the workplace and are an essential component, as
often an engineering student may be studyinginrela-
tive isolation. Summative assessment by traditional
written examination paper haslittle transferability to
the work-based environment and new, novel methods
that are compatible with the environment need to be
developed. Whatever processes and methods are
decided to be suitable for this environment, they will
need to include a summative element to authenticate
student achievement in an environment that is less
controlled than that on-campus.

Normally, high validity and high reliability go
together when assessing simple, determinate outcomes;
however, reliability is often achieved using essentialy
artificial techniquesthat correlate very poorly to life-
like performances. The basic tenet of workplacelearn-
ing is achievement in transdisciplinary environments

and, onthisbasis, seeking high reliability isnot liable
to provide answersto summative assessment of Work-
Based Learning (WBL). The workplace mode would
necessarily have to be based on validity, so satisfying
quality assurance processes, and thereliability element,
not appropriateto thistype of learning, will bereduced,
ie because validity needs to be preserved, there are,
consequently, higher reliability costs. In addition, what
might be considered an acceptable cost might need
to be investigated. Some difficult aspects need to be
given consideration, since aspectsof workplacelearning
may resist any form of reliable assessment and other
aspects may be marginally reliably assessed, but only
at a high cost.

The main problem in achieving credibility for the
WBL environment is related to the high cost of
acceptable reliability levels. To have successful
recognition of workplace learning meansto accept the
reduction of reliability, but not of validity. However,
while overall, the cost of reliable and valid assess-
ment may be higher than in on-campus environments,
the overall mode of workplace |earning may be much
less costly to operate. The casefor continuousforma-
tive assessment is high in relation to the workplace
environment. It is accepted that for conventional
on-campus programmes, not all outcomes require to
be summatively assessed. On this basis, formative
assessment is an acceptable alternative for outcomes
that are beyond the potential reach of reliable
summative assessment. It is proposed that many
of the outcomes and skills requirements should be
formally assessed in aWBL nvironment.

Thiswould integrate well with thisform of learning
where continuous feedback is desirable because of
the off-campus environment. This approach will
facilitate not only the negotiation of the leaning but
will underpin moving students through their studies.
For example, if thelearner felt, at some point, that the
judgement of the supervisor was in question, then dia-
logue could take place between the supervisor and stu-
dent leading to resolution and, hopefully, areduction
inthe concernsof thelearner inrelation to theformative
assessment. Workplacelearning will also lend itself to
self-assessment asthe engineering student has already
negotiated their learning and should thus be motivated
to give an accurate self-assessment. So the balance
of summative to formative has to be shifted signifi-
cantly towardsthe formative for workplace, but more
research needs to be completed in order to identify
suitable alternatives summative processes.

One way forward could be by using learning port-
foliosthat would provide summative evidence of any
outcomes achieved, based on continuous formative
assessment. The off-campus workplace environment
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ismore suited to an achievement of complex outcomes
from transdisciplinary environments, rather than
simply an examination of the ability to reprocess
explicit knowledge in an examination script. So, most
important for the student, will be collating evidence of
achievement of agreed outcomesin aportfolio. Inthis
respect, thetutorial concept will assume much greater
importance, as the student will require validation of
their judgementsthrough formative oral sessionswith
tutorsand peers. Claimsfor achievement of outcomes
will need to be substantiated in the portfolio. Thereis
also the potential for oral assessment. The nature of
thelearning and the of f-campus environment supports
theuse of this, which could also be combined with the
learning portfolio.

The proposed support model isthus one of maxim-
ising theformative processin theworkplaceintegrated
with a carefully evidenced learning portfolio related
to the desired outcomes. The WBL environment
is primarily about authenticity and corresponding
complex learning outcomes in areal world environ-
ment and, as such, the assessment practices must
reflect thisregardless of the potential cost. Thisseems
as realistic an approach as is possible in taking
account of the essential need for valid assessments of
the complex outcomes.

Such forms of assessment can be much more
realistically sustained in the of f-campus environment
where students can negotiate when to deliver the
evidence-based portfolio. The work-based environ-
ment should not have to be a system that obeys on-
campus rules, such as semesters and set examination
dates. Indeed, the value of this form of learning and
the assessment depends on the workplace environ-
ments being regarded quite differently to that operating
for conventional programmes.

Perhaps the main contribution to establishing
relevant assessment will be convincing staff of the
need for an approach that is supportive of learning in
aworkplace environment. Academicswill need to be
prepared for amindset shift to think about and imple-
ment quality assurance and assessment in workplace
environments. There is no need for the assessment
methods to be overly complex, costly and/or time
consuming, and staff should enjoy the challenge of
new and novel methods operating in a new type of
learning environment. What isimportant is that staff
must be prepared to go beyond traditional assessment
methods that relate to on-campus learning.

Recognition and Assessment Skills

The skills sought by employers are associated with
work environments and many students undertake

part-time work. If changes to curriculum are not
possible, then recognising the skillsthat are devel oped
as a result of part-time employment can, at least,
providearecord of workplace skills, eg teamworking,
adaptation to the work environment, etc. These skills
are elements of practice.

A possible approach to thiswould be theinclusion
of an optional module that would address workplace
experience. Assessment of this would be though a
reflective analysis on the experience enabling the
student to demonstrate their learning. This would at
least provide some evidence to potential employers
of the student’s basic workplace skills. This option
has the merit (?) of not requiring changes in the
curriculum, yet still enabling a demonstration of
experience — abeit somewhat limited.

Finally, it must be emphasised that assessment
should be a negotiated process with the student,
thereby keeping harmony with the philosophy of
workplace learning. This means students and tutors
first detail a descriptor of what assessment is being
put in place, and only then can effective and reliable
processes be negotiated and agreed, as well as
practices achieved to the required output standard in
theenvironment. However, although feasible, for some
time this approach will remain controversial, asit is
novel and evidence-led. Awards deriving from Work-
Based Learning are practice-based achievements
in complex situations, rather than subject specific
knowledge.

Other Degree Structures

Finally, if curricular change is not possible, then the
reintroduction of degree structures that enable periods
of industrial placement (so-called sandwich degrees)
would achievethe same end. Thistype of programme
does have two drawbacks: firstly, the availability of
suitable placements and secondly, the additional time
required to complete the degree programme. One
modification that might alleviate the second issuewould
be the recognition of this practice towards the experi-
ence required for Chartered Engineer status.

SUMMARY

Current engineering programmes are presented in a
very traditional mode and focus on explicit knowledge
delivery. Modern skill demands have aprofilethat this
type of programme in the learning environment of
higher education institutionshasdifficulty in addressing
adequately. Competence with explicit knowledge—or
know what — is no longer sufficient, an element of
know how is necessary. Know how is developed
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through experience, but current programme structures
are poorly equipped to accommodate periods of
practice; as such, engineering graduates lack many of
the skillsemployers now consider essential in aknowl-
edge-driven organisation. Engineering degree
programmes are crowded and so making room for
new developmentsis difficult, yet it would seem that
there will be increasing pressure to do so. Other
professona groups who would argue that their corpus
of knowledge is no less have practice as part of the
undergraduate preparation for practice.

A model of engineering programmes has been
presented in this article that would reduce formal
contact, or know what delivery, by 17% allowing this
timeto be utilised for experience-based learning. Such
learning could be approved WBL or highly focused
PBL. Either would encourage theintegration of know
what and know how features that employers would
welcome. Alternatively, degree structuresthat involved
placement in an organisation could be used. Previ-
ously, these were known as sandwich degrees. The
major drawback with these is the extended time to
graduate and thus gain paid employment, a problem
made more acute in the UK by the introduction of
additional fees. A third option suggests recognising
that, through part-time employment, students do
achieve some of the characteristics associated with
practice.

Any of these processeswould enablethe recognition
of a practice element in undergraduate engineering
students’ experiences, thus enhancing their skills
profileand employability, and, ultimately, their progress
to Chartered Engineer status.
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