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Engineering competenceisamajor competitive parameter in the knowledge society, especialy inan
industry that is subject to very fast innovation processes. New products and production
processes are knowledge-based and one has to focus on the importance of human resources as a
significant asset for industrial development in order to be a step ahead of competitors. Continuing
Professional Development (CPD) of engineering personnel is therefore very important. In
Denmark there hasbeen no established tradition for universitiesto be activein continuing education.
Assuch, in 2001, the Danish Ministry of Education esatblished and funded a group of competence
development centresat six universities. One of theseisthe ELITE (Elektronik og I T Efteruddannel se)
Centre at Aalborg University, Aalborg. The ELITE Centre researches CPD and the article presents
some of the ideas behind this. Research results concerning the modelling of the CPD context
and the development of new methods for the system of university facilitation of competence

development in industry are also presented and discussed in the paper.

INTRODUCTION

Over thelast decade, knowledge and competence have
become two of the most competitive parameters in
modern society. Engineers must always be one step
ahead of their competitorsin their effortsto integrate
new knowledgeinto their products so asto maintain a
competitive advantage. The Continuing Professional
Development (CPD) of engineers has become
increasingly vital for thisreason.

CPD includes the development of professional
theoretical skills, in addition to the practical work
functions, ieacombination of continuing engineering
education along with productive engineering. Thus,
there is increased focus on the importance of
human resources as a significant factor for industrial
development.

Denmark is perhaps still known as a country with
farming asthe main industry, yet thisisno longer the
case. Some three decades ago, Denmark was also a
nation with alargefishingindustry and amgjor fishing
fleet. The Danes had some extensive and modern
shipbuilding yards, but thisindustry isalso almost gone.
In this part of the world, the unskilled labour forceis
relatively expensive and, as there are no natural
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resources, Denmark does not have many, nor indeed
big, industrial production companies, of course with
a few internationally well known exceptions, such
as Danfoss Grundfos, Bang & Olufsen, to mention
a few.

However, these exceptions are not enterprises
that are based purely on production, although their
products can be characterised by their high quality
standards and their unique engineering devel opments
and designs.

A trend evidenced in Danish industry is that there
is an increasing amount of resources that are being
invested in product development and in the quality
of those products, in particular. More and more
companies are purely or mainly based on product
development, ie companies where the mgjority of
staff are engineers. There is also atendency towards
an increasing number of companies being established
on the basis of an innovative idea, but with such
enterpises later being integrated into an international
group.

One method for major foreign companiesto estab-
lish themselves in Denmark and to gain access to
Danish competencesisfor international groupsto take
over Danish companies.
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COMPETENCE AND HUMAN CAPITAL

As stated already, the main natural resource in
Denmark ishuman capital. Assuch, well-trained work-
ers and well-educated engineers are a basic asset in
Danishindustry. Continuing Professional Development
is therefore a prerequisite for the survival of the
Danish economy.

There are fast innovative changes within the
industrial context, and the planning of professiona
development activities must therefore be highly
dynamic in order to accommodate these processes
and cannot be rigidly scheduled. Furthermore, the
framework for professional devel opment courses must
includefast and continuousfoll ow-ups on those needs
identified by the industrial organisation in order to
ensurethat engineers continuoudy advance theknowl-
edge and skills necessary to attain their goals.

CPD COURSE PROVIDERS

Thetask of supplying innovative continuing educational
programmes to engineersis a very professional and
demanding task. Educators must have opportunities
for fast and easy accessto new knowledge, engineer-
ing toolsand applications.

For several years now, continuing engineering
courses have been offered by private organisations,
including the Danish Engineering Association for
Continuing Education (DIEU) or the Danish Techno-
logical Institute (DTI). Such organisations provide
courses, partly based on their own experts, and partly
on experts from universities and other research
organisations.

There is a tendency for these course providers to
move into the field of Information Technology (IT),
software devel opment, personal training and manage-
ment. This leaves an open question: where does a
Danish company or Danish engineer find atop level,
hard core, technical course? They can go abroad to
follow courses given on different sites in Europe, or
they can seek such coursesto be given as onsite plant
courses in Denmark.

THEELITE: ACENTREFOR
CONTINUING ENGINEERING
EDUCATIONAT AALBORG UNIVERSITY

Modern companies, including Small and Medium size
Enterprises (SMES), basically compete on the basis
of having the best employees with the highest levels
of education and competence who can keep abreast
of new developments. There must be a significant
replacement of existing staff with those more

competent, or acontinuousinvestment in the mainte-
nance and expansion of the organisation’s total
competencein order to maintain acompetitivelevel in
production, and sufficient flexibility so that companies
can quickly adapt to heavy knowledge demands.

This competence has to be maintained and devel-
oped continuously by both the company and the
individual employees. New research results must be
integrated into product development as quickly as
possible. Therefore, a model is needed for the rapid
transfer of knowledge to industry that results from
research achievements. Technical staff membershave
to develop professionally on a continual basis, eg by
taking part in appropriate learning processes such as
life-long learning.

SMEs have the same needs as larger companies.
However, because of their smaller size, itiseven more
important that employees attend their jobs. Leaving
their jobs to engage in a professional development
programme is neither feasible, nor necessarily
advisable; SMEs are especially vulnerable when
individuals are absent.

Given thisbackground, atwo-year research project
(PRO-ACTT), which was supported by the European
Union (EU), on the modelling of the context of
Continuing Professional Devel opment was carried out
under the leadership of Aaborg University (AAU),
Aaborg, Denmark [1][2]. Some of the results with
regard to industry-university cooperation and model-
ling of the context of CPD are described and discussed
later in this paper.

As a continuation of PRO-ACTT, and based on
the experiences from this project, a competence
centre for continuing engineering education in
electronics and information technol ogy, entitled ELITE
(Elektronik og IT Efteruddannelse), was established
a the AAU [3]. The ELITE Centre offers:

*  Short courses;

»  Courses-on-demand;

*  Two-year part-time programmes,

»  Courses offered onsite at enterprises;

»  Courseswith foreign experts,

*  Web-based courses or programmes;

*  Work-Based Learning;

*  Networking for human resource managers;

*  Panelsfor decision makers from the industry.

The experience gained thus far is not to focus too
much on, for instance, two-year programmes. Busy
engineers in the electronics and IT business cannot
foresee how their situation will be in a two-year
period and part-time (say 50%) programmes will be
too heavy a burden for them. Therefore, the focusis
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on short courses, courses on demand and on making
the ELITE more visible. Most importantly, the target
isto meet the busy engineer in hisher daily task and
integrate the learning process into the job function.
The ELITE utilises Work-Based Learning (WBL) in
order to map its experiences from Problem-Based
Learning (PBL) into anindustrial context [4][5].
The following section describes some important
elements that are a prerequisite for successful CPD.

UNDERSTANDING THE CONTEXT OF
CONTINUING ENGINEERING
EDUCATION

The exchange of information between auniversity and
acompany iscritical in the establishment of an effec-
tive framework for professional development.

Thefirst attempt in devisingamodel for organising
professional development between a company and
a university is explained elsewhere [6][7]. The
constructed model comprises eight elements that are
based on the background of research and develop-
ment within didactic and organisational learning. All
of the elements and their unique characters play a
rolein aflexible continuing education process.

The organisational relationship between companies
and universities, the different strategies of companies
and universities regarding continuing education, and,
especially, the goals and contents of professional
development, are of a more cultural and societal
character than are the other elements. However, it is
the relationship between al of the elementsthat is of
decisive importance to the actual arrangements.

The primary element concernsthe process, goals
and content of professional development. Particular
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guestions must be answered regarding the level of
cooperation between the university and the company,
and cover specific types and levels of technical
and knowledge-based needs. Special attention
should also be given to the technological capacity of
the society in which the company is based, as
these needs may vary greatly across countries and
individual companies. These factors related to those
elementsin the model will significantly influencethe
selection of a strategy in carrying out the needs
analysis.

Figure 1 shows the revised model that has been
devel oped based on experience and utilising therela-
tively complex model by Fink and Kolmos|[6]. Thisis
described in more detail elsewhere [7].

CONTINUING PROFESSIONAL
DEVELOPMENT ASAUNIVERSITY
ACTIVITY

The field of continuing engineering education is still
relatively new to universities, and programmesin this
area may not yet be integrated into the university’s
educational and administrative practices. It isimpor-
tant to consider why university educators should be
involvedinthisactivity, what will bethegoalsto achieve
and how it must be implemented.

With respect to the university, there are several
system issues that need to be resolved before imple-
menting acontinuing education programme. It isquite
possible that those universities seeking to integrate
conti nuing education programmesinto their systemwill
encounter resistance from academic staff.

State universities, like those in Denmark, are
economically controlled by very strict rules. These

Professional
development,
goals and contents

Organisational strategies for
continuing education

Figure 1: A revised model for Continuing Professional Development (CPD).
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regulations seldom work cohesively with activities of
amore commercial character.

Industrial engineering isapplication-oriented and it
may be difficult to adapt professors, who are normally
engaged in fundamental research, to the needs of
industry. Those universities with more application-
oriented research, including cooperative research
with industrial partners, will be better prepared for
educational activities that are applied to the needs of
industry.

The dynamic nature of continuing education may
also present an obstacle for the adoption of such
programmes because the university cultureisusually
based on rigid planning and clear administrative
practices that are not applicable in this case. The
university must be prepared to offer courses on
demand rather than according to a rigid and pre-
determined schedule. Furthermore, flexibility in
terms of class size, content and scheduling will
make the allocation of additional human resources
necessary in order to prevent overburdening existing
lecturers.

TEACHING AND LEARNING METHODS

Basically, there are two broad types of teaching and
learning methods from which the company may
select: company-oriented or university-oriented
methods and approaches.

Company-oriented methods and approaches may
vary according to the structure and strategic decisions,
such as:

e Just-In-Time (JIT) courses or courses on
demand, in which the company definesits actual
needs for knowledge development and the
university quickly plansspecial coursesto satisfy
these needs.

»  Those project forms that may be characterised
as a cooperative agreement between the univer-
sity and the company (devel opment departments)
to have university researchers participate in
development teams and to incorporate Work-
Based Learning.

*  Part-time programmes (ie courses or projects)
implemented as |1 T-based distance education
(flexibleintime and place).

»  Work-Based L earning with professorsfecilitating
the learning process and integrated in normal
productive engineering practice [5].

On the other hand, the concept of university-
oriented methods and approaches can be considered
in terms of ready-made courses within given subject

areas. These courses may be offered to both the
individual company as onsite courses or to groups of
companieswith individual enrolments.

At a more specific level, the choice of which
particular teaching methods are to be used is aso
important. Again, the relationship between the
company and the aims of the competence improve-
ments playsavital role, as more participation-oriented
and interactive methods and approaches can belinked
tointernal company work. Integrating formal engineer-
ing education and productive engineering creates a
new challenge that can be met, as a result of many
years of experience with Problem-Based Learning
(PBL) [4][S].

Continuing Professional Development asa
Company Task

The industrial organisation must realise the need to
have access to the research-based knowledge that is
present at universities to realise the goals that can be
achieved.

Consideration must be given to the means utilised
in applying the learned knowledge and skills in the
company. The integration of recently learned profes-
sional skillsshould serve asanimportant criterion for
the success of the development process. Because the
needs and values of organisations will most certainly
vary in nature, it is imperative that the individual
organisation explicitly describes the specific criteria
that will be used to evaluate their own professional
development process.

The goals should be presented as specifically as
possible and be part of a mutual agreement between
the university and the company. The company should
take an active part in formulating the goals and
success criteria. Experiences from numerous continu-
ing education coursesindicatethat it isquite often the
absence of such formulations of success criteria that
resultsin an ambiguous and ineffective evaluation of
the completed courses.

Companies differ in their awareness of the
importance of the professional development of
engineering staff. The demands placed on skilled
engineering staff increasein parallel with thegrowing
number of consumer products, industrial equipment,
etc, that include more advanced functionalities and
features. Strategies will differ between companiesin
order to meet these requirements. Internal organisa-
tional strategies for continuing education play an
important rolein the planning of continuing education
COUrses.

Organisational strategies may vary greatly from
total strategic planning for the company, where a
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basi c education course planisestablished for anumber
of employees, to individual employee strategies,
where employees select their own continuing educa-
tion courses. Individua employee strategiesdo not need
to match the choices of their colleagues.

Strategies for professional development in a
company will often fall somewhere between thesetwo
extremes. It is also quite possible that the company
may adopt a laissez-faire attitude by never fully
formulating a strategy. In any case, the strategy that
the company selectswill greatly influence the formu-
lation of professional goals, success criteria and the
nature of cooperation, as well as the interaction
between the university and the company, during the
developmental processes. The most important aspect
in selecting a particular strategy (or combination of
strategies) is that the professional needs and goal's of
the organisation can be met, and that the strategy
reflects the dynamic industrial environment in which
the engineers function in the best possible way.

Based on several years of dialogue with industry
concerning engineering staff development, these
strategies can be divided into different idealised
categories [5].

CONTINUING PROFESSIONAL
DEVELOPMENT ASCOOPERATIVE
PROGRAMMES

Most private professional organisations offer courses
for engineering professionals to update their skills.
These are organised as onsite courses or intensive
coursesin nicelocationsor major international cities,
etc. Such courses, whether they be upgrading, re-edu-
cation or just follow-up, taketime.

Most innovative companies are aware of the
importance of improving professional competence. It
is known from CPD contextual research that even
though professional development isidentified asvital
for the future of the company, individual engineering
staff members must often find thetimefor such courses
themselves [6]. Furthermore, such programmes are
not integrated into thetime-plan for the project. Money
for financing the course is normally no problem, but
timeis.

Another parameter to be considered is the recog-
nition of the course as being part of the individual
curriculum; thismeansthat some kind of standardised
approval isdesirable. Assuch, CPD programmes must
be developed to meet the expectations of both the
managers, aswell asthe engineers. CPD programmes
need to integrate new academic knowledge into the
productive daily process of the engineer and vice
versa.

Part-timeMaster Programmes

The AAU has implemented some specific Master
programmes as research-based PBL activities [5].
These Master programmes are 1-1% year pro-
grammes on a half-time basis, which means that it
takes two to three years to complete them success-
fully . The programme consists of courses and project
work and, asin standard daytime studies, the project
must involve at |east 50% of the time and some of the
courses must be incorporated in the project.

This programme is organised thematically, that is
it should be possible for those engineers attending the
programme to integrate their job tasks into the study
programmeVviathe project, or to integrate the applica-
tion of the coursesinto job tasks. In thisway, the study
workload will be considerably reduced. Previously,
Aalborg University only encouraged the engineer to
integrate study and work, although it was realised that
this was not always easy. In the future, Aalborg
University will consider new ways of more direct
cooperation between university and company at the
management level so as to define the framework of
the educational process.

IT-based distance education is very important in
these Master programmes [8][9]. Distance education
toolsare being utilised in the courses, aswell asinthe
dial ogue between students, dial ogue between students
and teachers, development in the project work, etc.
This means, for example, that even though an engi-
neer is posted to work in another country for aperiod
of time, he/she can still be an active student. How-
ever, face-to-face seminars are still important when
ever and where ever possible. The AAU tends to
schedule seven to eight two-day seminars a year at
the University (or whereever itisoptimal for the group
or the content). The students and teachers can mest,
carry out hands-on laboratory exercises, and so on.

This concept for CPD programmes has been in
operation at the AAU for several years. This concept
of combining PBL, I T-based distance education and
face-to-face seminars is now widely accepted and
appreciated, so much so that the AAU has been asked
to apply it to other programmes with less content.

Work-Based L earning

When carrying out face-to-face courses, competence
development isonly possibleif acourseisaccessible,
either for individual enrolment or as onsite courses.
These courses must be taken at a given speed and at
agiventimewithout any possible consideration of in-
dividual needs. Streamed or videotaped courses offer
flexibility, but normaly therewill beno dial ogue between
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participants or between participants and a teacher.

Theideaof Work-Based Leaning (WBL) asatool
for Continuing Professional Development isto develop
alearning process that:

* Isintegrated in the job task.

»  Does not require absence from work or family.

»  Ensures professional relevance.

* Isintegrated in the organisation.

* |s adapted to the individual concerning the
content, extension and speed.

The experience in PBL gained by the AAU since
1974 has been complemented by the experience from
Glasgow Caledonian University (GCU), Glasgow,
Scotland, UK, inwork-based degree programmes[10].
WABL isrecognised as avocationally-oriented further
development. Table 1 lists the differences between
learning by problem-solving and engineering problem
solving.

Table 1: Differences between learning by problem
solving and engineering problem solving.

Learning by Problem Engineering Problem

Solving Solving
- The problemisa - Professional skillsare
tool the tools

- Learningisthegoa | - Thegoal isto solve

the problem

Following theindividual learning goals established
by WBL, the learning process is integrated into the
daily engineering productivework. Thelearning speed,
as well as the professional content and goals, are
definedindividualy.

A new task for competence providers, such as
university professors, will be the transformation of
identified competence deficienciesinto learning goals.
This transformation must be carried out in coopera-
tion between the competence provider, the compe-
tence receiver and the company represented by the
human resource manager or the team leader.

When some competence deficiencies are identi-
fied among individuals or agroup of engineering staff,
a plan of competence transfer is negotiated between
the engineers, their manager and the ELITE. This
negotiation ends up with a contract between the three
partnersthat definesthe following elements:

* Learninggoals.

»  Learning/pedagogica means.

»  Milestones/tasks for the student/engineer.
»  Success criteria.

* Involvement from the company.
e Involvement of the ELITE.

Organisational Learning

Individual-oriented competence development, like
courseswithindividua enrolment, includestherisk of
being awaste of money and timefor the organisation.
The course might not be 100% relevant to the partici-
pant and the timing of the relevant issues to hisher
needs might not be optimal. Bad timing means that
the knowledge input is either too late or too early, ie
the engineer is not going to use the new knowledge,
which runstherisk of not consolidating the engineer’s
competence.

The single element of competence development
must be pre-defined in the CPD plan for theindividual
and the team/company in order for them to benefit
the most from the investment in the development of
new competences. Each learning e ement must include
adefinition of the purpose of this activity, identifica-
tion of the correlation between the content of the
learning element and an overall learning strategy and
evaluation of the outcome of undertaking the task.

Participantsin CPD courses are never faced with
the demand of justifying the relevance of the course
afterwards—only beforehand. It is perhaps even more
pertinent for a group of colleagues to go through the
coursein avery condensed form and highlight to them
the most important issues of the course. In this way,
the learning process of the course participant will
be improved and, as such, the organisation will also
benefit.

The benefit to the organisation is more obviousin
WABL. Thelearning process, goals, content, form and
timing is planned to optimise the situation for the
participant and for hig’her team. The content, form or
timing can also be revised based on the context; the
transformation of knowledgeinto the organisation can
be an integral part of the strategy.

DISCUSSION

Asthere has been no tradition for Danish universities
to beinvolved in continuing education of academics,
and as the demand for academic training has become
more and more prominent, the Ministry of Education
of Denmark decided to facilitate the process of uni-
versity involvement in the continuing professional
development of academic skills. In 2001, the Ministry
funded six universities with initial funds of approxi-
mately US$ 2 millionto becomeinvolvedin CPD. The
ELITE Centre was the outcome of this process at
Aalborg University.
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There is no tuition fee in Denmark for university
study as the Ministry pays universities for each
student who graduates. Continuing educational
programmes, such as two-year part-time degrees,
are partially paid from tuition fees and government
funding.

Theinitia funding was meant to facilitate resources
for the development of more of these part-time con-
tinuing educational programmes. However, as stated
above, the ELITE will focus more on the further
progression of the concept of continuing engineering
education using short (onsite) courses and WBL.

The nature of the organisation’s strategiesfor con-
tinuing education will vary considerably depending on
the organisational culture, history and management
perspectives on a particular problem.

Most companies are aware of the need to alocate
additional resourcesfor continuing education and these
expenses become apart of the operating budget. How-
ever, in many companies, the management trusts the
individual engineer’s ability to assess hisher own
needs pertaining to professional development. Thus,
it is actually the engineer who determines whether
he/she will participate in a continuing education
programme.

Other companies are structured into teams of
engineers and the team managers are responsible for
assessing the professional skills of the group, as well
as the planning of Continuing Professional Devel op-
ment. This means that implementation of CPD will
mainly be afunction of the team manager’s ability to
cover al responsibilities; if the team manager isbusy
getting a team to meet a deadline; then CPD is not
likely to be on the team manager’s mind and agenda.

The innovative company has an active manage-
ment practice in which the product strategy is
continuoudly revised. Thisreguiresacontinuousevalu-
ation and re-evaluation of the engineer’s technical
professional skills. Whenever alack of necessary skills
isidentified, the engineers are either replaced or pro-
fessional development programmesareimplemented.

Very few managersbelievethat graduate engineers,
who have completed a research-based education by
definition, do not need continuing education as they
should know how to acquire new knowledge. In such
companies, time and financial resources will not be
allocated for continuing education.

The organisation and strategy of the university are
similarly influenced by cultural, historical, political and
economic factors, and thisisin addition to the prevail -
ing research traditions. There are very proud aca-
demic traditions, especially at older, more traditional
universities, which often meansthat little or no basic
educational and pedagogical changes can occur.

Research at these institutions is often basic or aimed
solely at reaching higher levels of theoretical knowl-
edgein narrow fields.

Other moreinnovative, technical universities have
directed research towards a combination of applica-
tion-controlled and discipline-oriented research. Uni-
versities in which there is a sustained interest in ap-
plied theoretical education may be much more open
to the demands and changes that occur outside the
university environment and may, therefore, be more
open to undertaking new tasks.

Theintensive technological innovations preval ent
today have created a significant need for methods and
approaches that can provide ongoing and continuous
professional development of industria engineers. Thisis
despite the numerous obstacl es that may arise with the
implementation of acontinuing education programme.

For alarge number of these engineers, especially
those responsible for the application of new technol-
ogy within their organisation, it is becoming increas-
ingly difficult to obtain and maintain the high level of
professional knowledge and skillsdemanded by indus-
try. By taking advantage of the research activitiesand
educational experience existing in the university sys-
tem, private organisations may well be able to satisfy
their needsfor the Continuous Professional Develop-
ment of their engineers. It has become a challenging
devel opment for both companiesand universities.
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