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The aim of engineering education is to produce effective engineers. Achieving this aim depends on
knowing what an effective engineer is. The present research looks at engineers in the workplace to
determine what qualities make some engineers more effective than others. Effective engineer
qualities were collected from engineer employers then tested using questionnaires designed to
measure the predominance of the qualities in engineering individuals. Qualities associated with
mental agility, enterprise and interpersonal capability correlated most significantly with effective-
ness. Effectiveness did not correlate with achievement in tertiary education. The results showed that
many of the qualities associated with effective engineer behavior are learnable and can be taught
within an education program.

INTRODUCTION

ENGINEERING educators face an increasing
need for clarity in what they are doing, why they
are doing it, and how. There are two reasons for
this: engineering practice and industry have funda-
mentally changing needs, and society is demanding
greater accountability and attention to quality.

Early engineers believed in, and worked in a
society that believed in, technology for its own
sake. The paradigm was that the engineer was an
agent of technological change, carrying little or no
responsibility for outcomes. Today, engineers are
faced with a significantly different paradigm. They
are expected to bring a combination of technology,
economics, social consciousness and environ-
mental awareness to engineering works to
ensure the ‘most possible good’ is derived for
both present and future communities. Engineers
have always had to deal with technological change,
but now there is a different change, a change of
role. The job they do has broadened significantly
in scope, and engineering education must change
in response.

The second reason why engineering education
needs to rethink its direction is that in many
countries there is an increasing demand for
accountability by those who pay the bills. Quality
assurance and quality management are demanded
in education. Educators need to follow quality
principles. One of the most important is to make
sure the needs of the customer are met.

Unfortunately, the changing needs of practice
are ill-understood. This is hardly surprising: it is
not easy to see a pattern when one is in the middle
of it. Yet the lack of clarity as to needs means that
the needs of the customer, that is, of industry and
practice, are themselves not clearly understood. To
put it another way, the central task of engineering
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educators is to produce engineering graduates who
will be as effective as possible at their job. But in
order to do so, the educators need to understand
the characteristics of effective engineers. They need
a clear specification of the product.

Evidence suggests, however, that at present
many engineering educators are failing to take
responsibility for the calibre of their graduates.
Samuel [1] noted that engineering education has
not developed a picture of its ideal end product,
nor pursued any research that would provide
measures of post-education engineering perfor-
mance. In the medical profession the situation
and attitude are different. Empirical studies of
longitudinal performance (performance assess-
ments conducted periodically throughout a sub-
ject’s career) and the effect of educational
disciplines on longitudinal performance are
common. In essence, the medical profession has
installed feedback loops and quality control
measures to ensure that it keeps abreast of the
changing needs of its profession and that its
educational procedures are having the desired
effect of producing effective doctors. In contrast,
the lack of post-educational assessment in engi-
neering suggests that engineering educators simply
assume they are achieving the goal of producing
effective engineers.

Many authors who are practicing engineers
challenge this assumption. Wilkinson [2] pro-
duced figures showing a decline in the status and
perceived credibility of engineers.

Wakelin [3] criticises engineers for their lack of
management skills, illustrating how, although
their personalities and education do not predispose
them to leadership positions, engineers get things
done through others and so by definition are
managers. Wilkinson and Lewis [4] also write
about the inability of engineers to fill leadership
positions both because of the type of person that
is attracted to engineering and also because the
engineering education system does not encourage a
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leadership world-view. Thom [5], Wilkinson and
Lewis [4] and Wakelin [3], who are all practis-
ing engineers, unanimously argue the need for
differently educated engineers.

Thus the assumption of engineering educators
that they are producing effective engineers is
inappropriate in the face of the declining profes-
sional status and credibility of engineers, failure of
engineers to secure leadership roles, and the often
expressed need for differently educated graduates
by industry.

Edward Deming [6] said ‘Everyone doing his
best is not the answer. It is first necessary that
people know what to do.” This is very true of
engineering education. In order to produce effec-
tive engineers, engineering educators must first
understand what an effective engineer is. There
are many opinions on the matter, but little
systematic investigation.

The present paper attempts to remedy the situa-
tion. It describes a study [7] aimed at discovering
the characteristics of effective engineers based on
the assumption that engineering employers will be
good judges of the effectiveness of their employees.

THE NATURE OF EFFECTIVENESS

Because research in the area of engineering
effectiveness is limited, it is difficult to define
effectiveness succinctly.

The present educational system, which functions
primarily around lectures (usually of a technical
nature) tacitly assumes that effectiveness is related
to knowledge (and the more knowledge the better).
The assumption is questionable. Knowledge is
obviously necessary, but it is far from clear that
it is sufficient. In a summary of research focusing
on what makes individuals successful in their
vocation, Klemp [8] reports that knowledge alone
is unlikely to produce effectiveness, saying that:
‘... the most consistent finding we have discovered
is that the amount of knowledge of a content
area is generally unrelated to superior perfor-
mance in an occupation and is often unrelated
even to acceptable performance.’

Millar [9] suggests that it is actions rather than
knowledge, that define effectiveness:

... it is not what a person knows, thinks, believes, or
feels that gets wanted results but rather what s/he does
and how it is done. The medical practitioner, who
faints at the sight of a particularly gruesome accident,
will be ineffective regardless of his/her technical
competence. [9]

The present research, rather than grapple with
the definition of effectiveness, focuses on practical
ways of distinguishing effective engineers from
average or below average performers in the hope
that the identification of distinguishing qualities of
effective engineers will work toward providing a
greater understanding of effectiveness in engineer-
ing and provide engineering education with a
clearer description of its ideal end product.

Literature that has attempted to identify qual-
ities associated with effectiveness has taken one
of two paths. It has focused either on engineer
personality, or on engineer skills.

Several authors argue that engineer effectiveness
is related to an ‘engineer’ personality. Millar [9],
for instance, uses a Transactional Analysis model
to formulate an ‘engineer personality’. He com-
pares the result to a list of attributes he determined
as necessary for fulfilling the engineering role and
concludes that effectiveness of engineers was
cramped by an engineer personality that did not
handle stress well, did not have the required mental
flexibility, did not communicate well and fre-
quently lacked self-confidence. Wilkinson and
Lewis [4] use Herman’s Whole Brain Model to
illustrate the deficiencies in approach of engineers
compared with leaders. They argue the need for
engineers to develop intuition, flexibility, and
holistic-synthesis approaches. Both Millar [10]
and Wilkinson and Lewis [4] point to a predisposi-
tion of people attracted to engineering and an
engineering educational system that encourages,
and actively selects (through narrow maths and
science based entrance requirements), quantitative,
analytic, factual thinking which in turn creates or
contributes to a deficient engineer personality.

Studies employing the second approach, that
is, that effectiveness is related to skills, usually
approach the clients of engineering education
(normally defined as engineering employers but
sometimes inclusive of students and the nation)
to obtain an input as to what they consider
effective for engineering education and practise.
Henshaw [11], for instance, obtained importance
rankings of engineer skills and attributes. His
study compared employer, employee and faculty
rankings of a stated set of skills and concluded that
the people-skills associated with fluent communi-
cation, management, practical ability, organisa-
tion, teamwork and interpersonal relations were
the most highly valued qualities. Evans and Shunk
[12] also included the student body in a very similar
study of customer opinion. Both Henshaw and
Evans and Shunk identify a widening gap between
the opinions of practising engineers and engi-
neering educators which Henshaw summarises as
‘the employers want more “human” engineering
and less technology’ [11].

While both types of study provide useful insight
into the qualities considered important for effec-
tive engineering they have quite severe limitations.
Both approaches rely heavily on author opinion.
The personality-focused research uses engineering
roles determined by the author as a comparative
measure against the ‘engineer personality’. In the
skill-focused literature, the list of attributes being
ranked by the customers is developed by the
authors; therefore only skills considered important
to the authors are ranked. Thus author bias is built
into the studies, affecting the reliability of results.
There is also a lack of wvalidity testing (which
would have reduced the author bias) of identified
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qualities, hence the various qualities identified
by the studies can be considered hypothetical
effective engineer qualities only.

THE EFFECTIVE ENGINEER STUDY

The limitations of previous research, the falling
credibility of engineers and the increasing account-
ability of educators point to the need for more and
better research into engineering effectiveness. As
stated earlier, the research presented in this paper
aims to identify the qualities of effective engineers.
It is hoped that the identification of effective
engineer qualities will provide greater understand-
ing of effectiveness in engineering, and work
towards providing engineering educators with a
description of their ideal product. Because of the
severe limitations of earlier work the present
research aims both to eliminate author bias in
the results and to test the validity of the identified
effective engineer qualities. The research pro-
gressed in two stages. Firstly, open-ended inter-
views were used to identify a set of qualities or
characteristics of effective engineers. Following
that, a questionnaire technique was used to test
the validity of the set of qualities and to establish
correlations.

Identification of hypothetical effective engineer
qualities

The aim of the first stage of the research was to
identify a relevant set of potential effective engi-
neer qualities. It was considered that a grounded
theory approach [13] would be the ideal way to
collect hypothetical effective engineer qualities.
This type of approach builds theories from obser-
vations of reality and then tests the theory against
real behaviour. Time constraints precluded the
direct collection of observations by the researcher,
therefore secondary observations (observations by
other people who had close contact with and
extensive knowledge of the study population)
were collected and used to develop hypothetical
effective engineer qualities.

Observations of sixteen engineering supervisors
(senior engineers) from a range of organisations
and disciplines were collected using open-ended
interviews. A breakdown of the sample group
into organisation type and engineering discipline
is shown in Table 1.

Interview method. The open-ended interview
technique was chosen for its adaptability. The
technique uses an informal mixture of conver-
sation and structured questions to collect data.
Because the interviews were collecting other
people’s observations the interviewer needed to
be able to follow up ideas, probe responses and
define answers to obtain a rich picture of the
effective engineer. Therefore the open-ended
interview technique was ideal.

Table 1. Sample group breakdown

Organisation No. Discipline No.
University 3 Chemical 3
Public Co. 3 Civil & structural 5
Large private 6 Electrical 4
Small private 4 Environmental 2
Mechanical 2

The interviews were structured around these
four topics:

e the definition and measurement of effectiveness
in engineers;

e the traits perceived as being essential to effective
engineers;

e the descriptions of real effective engineers;

e the qualities sought when employing engineers.

Four pilot interviews were conducted and tape
recorded so that ‘interviewer leading’ (the tendency
of interviewers to ‘seek out’ answers which sup-
ports their theory) could be identified and
minimised.

Results

Topic 1. the definition and measurement of effec-
tiveness. Fourteen of the sixteen interview subjects
used an operational definition; that is, they con-
sidered that the ‘effective engineer’ was defined
primarily by what s/he did. In addition, the defini-
tions contained strongly goal-oriented clauses such
as ‘gets the job done’ and ‘achieves objectives’. The
remaining two subjects used a knowledge/skill
definition. They focused on the understanding of
the engineer: ‘knows what needs to be done and
how to do it’, ‘fully understands a problem and its
context’.

When asked how they would assess an engi-
neer’s effectiveness all subjects referred to the
person’s ‘productivity’. Clarification of ‘produc-
tivity’ suggested that it was goal orientated and
focused primarily on the quantity of work
achieved.

Topics 2,3 and 4: effective engineer qualities. The
interviewees were asked to specify the personal
qualities or characteristics expected of the most
effective engineers. Their responses produced an
initial list of over 200 qualities. The number was
reduced to 84 by eliminating synonyms and over-
lapping items, then further reduced to 68 qualities
by excluding items only mentioned in one instance.
These 68 qualities resulting from open-ended inter-
views, form the ‘Hypothetical Effective Engineer
Qualities’ list:

technically competent
takes responsibility
efficient

high level of integrity
disciplined

forthright
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organised

talks freely

objective

negotiation skilled
numerically proficient
interpersonal skills

deep understanding of engineering
wide range of knowledge and interests
principles

sense of humour

ambitious

cheerful disposition
motivated

good listener

enthusiastic

politically aware
individualistic
environmentally aware
active

community aware
cooperative

business knowledge

creative

writing skills

intuitive

memory for detail

lateral thinking
conscientious

not afraid to take risks
methodical

extraverted

meticulous

emotionally resilient
industrious

enjoys challenges

team worker

doesn’t jump to conclusions
critical

flexible

considerate

pays attention to detail
liberal

resourceful

optimistic

takes initiative

converses in ideas as well as facts
perceptive

understands wider ramifications of engineering
proposals

inquisitive

intelligent

computer literate

easily able to separate feelings and ideas
practically skilled

calm in crisis

shows good judgement
leadership skills

up to date with technology
decisive

interested in aesthetics

alert

physically active

respects other people’s opinions
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Testing hypothetical effective engineer qualities

The second stage of the research involved testing
the ‘theory’ (hypothetical effective engineer quali-
ties) for validation or falsification. Because of the
large number of qualities (68) and the need for a
large sample population to provide meaningful
information, questionnaires were considered the
most practical form of data collection for valida-
tion testing. They are quick and easy to use, and
enable the study of a large number of qualities over
a large sample.

Two questionnaires were used in this part of the
research. The first was for senior engineers to
complete, with one for each engineer they super-
vised. The second questionnaire was given to the
supervised engineers who had been the subjects of
the first set of questionnaires.

Questionnaire 1. The hypothetical effective engi-
neer qualities were carefully moulded into a
questionnaire designed to provide empirical data
on an engineering individual’s effectiveness and
the extent to which the individual exhibited the
hypothetical effective engineer qualities. The
questionnaire used an adjective checklist format
in the form of ‘semantic differentials’ set up on
seven-point rating scales. For example:

active 1 234 5 6 7 passive

The semantic differential, or antonym, was
included to ensure that subjects used the same
meaning of the quality being assessed. For example
the quality ‘active’ has the antonym ‘passive’
rather than ‘inactive’ because the first implies a
general attitude whereas the second could be
construed as just physical inactivity.

The technique used required senior engineers to
complete a questionnaire for each (consenting)
engineer they supervised. The supervisors were
asked to mark scales to show the extent to which
the engineering individual they were rating exhibi-
ted the qualities under test. To meet the aim of
validating or falsifying the hypothetical effective
engineer qualities, a measure of the engineering
individual’s effectiveness was also required. The
supervisor, therefore, was also asked to rate the
engineer’s effectiveness on a seven-point scale
(1 = very effective, 4 = moderately effective,
7 = not at all effective). It was considered appro-
priate to ask the supervisor for a measure of
effectiveness as interview results indicated that
effectiveness was about actions and results, both
of which are observable, to a large extent, by a
supervisor. Supervisors were also asked to indicate
a preferred meaning and preferred measure of
effectiveness from a prompt list created from inter-
view results. The purpose of this was to observe if
there was agreement between supervisors and
interview subjects, and between supervisors as a
group, as to what effectiveness meant and how it
was measured.

In addition, supervisors were asked to list both
qualities that assisted and qualities that diminished
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the engineering individual’s effectiveness. The
main aim of these open-ended questions was to
see if any additional hypothetical effective engineer
traits came to light that might have been missed in
the interviews.

The choice of supervisor assessment as the
main source of empirical data with respect to
the hypothetical effective engineer traits was
made because it provided the most situationally-
focused data. An alternative method would have
been to use self-rating questionnaires. However,
this was thought to be less desirable as the indi-
vidual might have confused the social (non-work)
self and the work self.

Despite the preferred choice of a supervisor
rating approach, the method has a number of
limitations. First, the immediate supervisor
cannot observe all of an engineer’s work perfor-
mance so the ratings, at best, will be based on only
a partial view of the individual’s behaviour. Also,
supervisors may in fact have relatively little contact
with their engineers, or may place greater emphasis
on certain aspects of work, such as time manage-
ment, rather than others. To reduce the effect of
these limitations, a second questionnaire was
used in conjunction with Questionnaire 1. Ques-
tionnaire 2 was given directly to the engineers
themselves, rather than their supervisors.

Questionnaire 2. Like the supervisors, the engi-
neering subjects filling in the self-report Question-
naire 2 were asked to rate their effectiveness on a
seven-point scale, to indicate a preferred meaning
and measurement of effectiveness in engineering,
and to list the things that prevented them from
being more effective engineers. Questionnaire 2
also contained a question on academic achieve-
ment to assess the relationship between academic
performance and effectiveness.

Pilot study. A pilot study of the questionnaires
surveyed twenty-three supervisor-engineer sets and
sought to answer three questions regarding the
viability of the questionnaires:

1. Are there any problems with the questionnaire
format or instructions?

2. What is the distribution of responses given to
each item?

3. Are there any discernible relationships becom-
ing apparent between effectiveness and the
hypothetical effective engineer qualities?

Problems identified in the pilot study were
remedied by adjusting the questionnaire. The
questionnaires were administered to eighty-two
engineer-supervisor sets. There were three criteria
for an engineering individual’s inclusion in the
study sample:

e The engineer must have at least five years work
experience.

e The engineer must work for a large (20+
employees) commercial engineering company.

e The engineer must both be willing to be involved
in the survey and also have a supervisor willing
to be involved in the survey.

The first two criteria were set to increase the
reliability of results. It was felt that too little work
experience would result in unreliable data as the
engineer would still be learning the profession. The
type of work environment was also restricted to
large commercial companies to reduce the impact
of situational factors. It had the additional prac-
tical benefit of allowing the survey of a large
number of engineers at one site.

RESULTS OF THE STUDY

Eighty-two engineer-supervisor sets attempted
the questionnaires. Five questionnaire sets were
eliminated from the sample because of incomplete
or unreliable data.

Both engineers and supervisors generally con-
sidered effectiveness in engineering to be related to,
and measured by, the quality of engineering work
produced. Twenty five percent of supervisors
qualified this by suggesting that effectiveness was
related to both quality and quantity of engineering
work. The focus on quality in the questionnaire
responses is contrary to the results of the inter-
views. Interview subjects were very focused on
quantity of work produced. Four of the interview
subjects were asked for their opinion on the
apparent anomaly. They suggested that the com-
petitive nature of the engineering commercial
environment creates a preoccupation with speed
of outcome so that quality is ignored unless it is
absent. Quality, they said, was implicit rather
than explicit in the achievement of engineering
objectives and productivity.

Fifteen percent of the engineers surveyed were
considered ‘very effective’ (effectiveness rating of
1) by their supervisors. However no engineer rated
him/herself as ‘very effective’. The mean super-
visor-rated effectiveness score was 2.90 (standard
deviation o = 1.30) on the 7-point scale and the
mean self-rated effectiveness score was 3.41
(o0 =1.06). (Note that a lower score indicates
greater effectiveness.)

Figure 1 shows the spread of effectiveness scores
for both supervisor-rated and self-rated effective-
ness. Most of the study samples lie on the first half
of the effectiveness scale for both supervisor-rated
and self-rated effectiveness but the supervisor-
rated scores show greater spread on this part of
the scale. For this reason, the supervisor-perceived
effectiveness scores were used to calculate corre-
lations between perceived effectiveness and the
effective engineer qualities under test.

Of the sixty-eight hypothetical effective engineer
qualities under empirical test, thirty-four corre-
lated significantly with effectiveness. These are
loosely categorised into three groups. In all cases
a greater prevalence of the relevant quality corre-
lates with greater effectiveness. The groups are:
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Frequency

Supervisor

B Engineer

4 5 6 7

Effectiveness score (1=very effective)

Fig. 1. Effectiveness distributions.

1. Mental agility: Lateral thinking ability, crea-
tivity, judgement, flexibility, intelligence, inqui-
sitiveness, alertness, practicality, ability to work
under pressure, ability to separate feelings from
ideas, ability to recognise the wider issues of an
engineering project, economic, environmental,
political and community awareness.

2. Enterprise: Initiative, resourcefulness, motiva-
tion, ambition, confidence, energy, activeness,
willingness to take risks, likes challenges.

3. Interpersonal capabilities: Perception, sociabil-
ity, leadership skills, team-working skills,
negotiation skills, interpersonal skills, people
orientation, humour, respect for other opinions,
decisiveness, extroversion.

The empirical identification of distinguishing
effective engineer qualities was further supported
by the results from the qualitative sections of
Questionnaires 1 and 2. Supervisors most often
identified reticence, lack of interpersonal skills, low
self-esteem, lack of initiative, lack of communi-
cation skills, inability to operate under pressure
and lack of good time management skills as pre-
venting individual engineers from being more
effective. All excluding the time management qual-
ity (which was not under test) are included among
the empirically identified qualities. Individual engi-
neers agreed that some of these qualities prevented
them from being more effective but in addition
they cited situational factors such as inadequate
resources, lack of clear guidelines, and lack of time
to do a good job.

Of particular interest were the qualities that
did not correlate well with effectiveness. Signifi-
cantly, academic achievement showed virtually no
correlation with engineering effectiveness. The
same was true of many of the qualities tradition-
ally associated with engineers such as technical
competence, numerical ability, logical thinking
ability, methodicity, self-discipline, industry and
integrity.

DISCUSSION

The distinguishing qualities of effective engi-
neers identified by the study are not qualities that
traditional academic appraisal techniques assess
and therefore the low correlation (r = 0.0002)
between effectiveness and academic achievement
is perhaps not at all surprising. Traditional engi-
neering academic appraisal most frequently
assesses technical knowledge and numerical ability.
Neither of these qualities correlated significantly
with effectiveness.

Significantly, however, the bunching of indivi-
dual scores in the traditional engineer qualities
such as technical competence, numerical ability,
logical thinking ability, methodicity, self-discipline,
industry and integrity suggests that the qualities
are equally prevalent in all engineers. Wilkinson
and Lewis [4] , Millar [11] and Vesilind [14] believe
that these traditional qualities are sought and
encouraged by engineering education. It could
therefore be said that while it is nearly impossible
to obtain an engineering degree without being
technically competent, numerically skilled, etc.,
the possession of these qualities does not guarantee
success or effectiveness. They are necessary, but
not sufficient. However, it is also true that a
minimum level of attainment is all that is required.
Outstanding academic achievement does not
necessarily lead to greater effectiveness.

Categorising the distinguishing effective engi-
neer qualities by type of learning experience (See
Table 2) reveals a large number of ‘skill’ qualities.
This has a positive implication for engineering
education as it suggests that the qualities are
learnable, and that therefore they are teachable
within an education program. The ‘knowledge’
areas identified in the study can also be incorpo-
rated into an education program. The categories
used in Table 2 are based on Carter’s [15] ‘Taxo-
nomy of objectives for professional education’.
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Table 2. Effective engineer qualities identified by empirical test

KNOWING

Factual knowledge
awareness needed of-
business knowledge
environmental issues
political issues
community issues

Experiential knowledge
practical experience

DOING

Information skills Analytical skills

Action skills Social skills

inquisitive easily able to separate feelings from ideas initiative leadership skills
perceptive recognition of wider issues decisiveness interpersonal skills
resourceful application of lateral thought critiquing skills good judgement negotiation skills

respect for others’ opinions
teamwork skills

BEING

Mental characteristics

flexibility self esteem
creativity ambitiousness
lateral thinking ability optimism
intelligence

Attitudes and values

Personality characteristics
active enjoys challenge

energetic prepared to take risks
extravert calm in crisis
enthusiastic sense of humour
motivated handles pressure well

It is significant that many of the distinguishing
effective engineer qualities fall into the knowledge
and skill categories. This has a positive implication
for engineering education as it suggests that the
qualities are learnable (and therefore trainable)
and could be incorporated into an educational
program.

A limitation is that the research has not
attempted to give weightings to the qualities
shown in Table 2. Some may be more important
than others. Nevertheless the matter was not
investigated not only because of time and resource
constraints but also because it was thought
inappropriate to work at such a level of detail
before a more overarching analysis had been
carried out.

CONCLUSIONS

The present research has attempted to identify
the distinguishing traits of the effective engineer
in commercial industry and practice. The main
findings are:

e Effective engineers have a broad knowledge
base which encompasses political, environ-
mental, business and community areas in
addition to technical knowledge.

e Effective engineers are more entrepreneurial
than those less effective.

e The distinguishing entrepreneurial traits pos-
sessed by effective engineers include better
leadership skills and judgement, the ability to
handle pressure, being calm in crises, enjoyment

of challenges and willingness to take risks.
Effective engineers are also characterised by
high self-esteem. They are ambitious, highly
motivated, active and energetic. They are
more decisive, have greater foresight and take
the initiative more often than less effective
engineers.

e Effective engineers are perceived as having
better interpersonal abilities. The distinguishing
interpersonal traits of effective engineers are
respect for others’ opinions, teamworking skills
and enthusiasm. They are also characterised by
a more extravert, forthright, talkative and
optimistic nature, a well developed sense of
humour and an open mind.

e Effective engineers are more mentally agile than
less effective engineers. This is suggested by the
high correlation of mental agility traits, such as
flexibility, creativity, lateral thinking ability,
intelligence, inquisitiveness and resourcefulness,
with effectiveness.

e As no significant correlation was found between
effectiveness and academic performance, effec-
tive engineers are not necessarily good academic
performers, and vice versa.

e An effective engineer is not necessarily more
technically competent than a less effective
engineer.

The research results imply that engineering
educators have more areas to address than tech-
nical competence alone if they are to produce
highly effective engineers. Furthermore, many of
the distinguishing traits of the effective engineer
are learnable, and therefore can be taught within
an educational program.



332

10.

11.

12.

13.

14.

15.

C.

C. L. Newport and D. G. Elms

REFERENCES

. A. Samuel, Engineering education in extremis, in John B. Agnew and Caryl Cresswell (eds.)
Proc. Australian Association for Engineering Education: 3rd Annual Convention and Conference,
University of Adelaide, Australia (1991).

. R. W. Wilkinson, Engineering in Change, Presidential Address to IPENZ Branches (1993), quoting
a Time/Morgan Poll, June 1993, rating the perceived honesty and ethics of New Zealand’s
professions.

. B. Wakelin, The education of engineers—fit for management? in P. T. Gough (ed.) Engineering
Education, the Way Forward: Proc. AEESEAP Triennial Conference, University of Canterbury,
Christchurch (1991).

. R. W. Wilkinson and P. Lewis, Engineering education: a preparation for leadership? in P. T. Gough
(ed.) Engineering Education, the Way Forward: Proc. AEESEAP Triennial Conference, University
of Canterbury, Christchurch (1991).

. D. Thom, The new technical culture, sustainability through engineering, Papers on Sustainability
from the IPENZ Conferences 1993/4, Institution of Professional Engineers New Zealand,
Wellington (1994).

. E. W. Deming, Out of the Crisis: Quality, productivity and competitive position, Cambridge
University Press, Cambridge (1986).

. C. L. Newport, Effective engineers, Civil Engineering Research Report 95/8, Department of Civil
Engineering, University of Canterbury, New Zealand (1995).

. G. O. Klemp, Three Factors of Success in the World of Work: Implications for curriculum planning in
higher education, McBer & Company, Boston (1977).

. C. W. Millar, Keeping the other eye open, Proc. Australasian Association for Engineering

Education: 2™ Annual Convention and Conference, Monash University, Melbourne (1990).

C. W. Millar, Are technical and managerial skills fundamentally different? Multi-Disciplinary

Engineering Transactions, GE12, n.2, (1988) pp.41-45.

R. Henshaw, Desirable attributes for professional engineers, in John B. Agnew and Caryl

Cresswell (eds.) Proc. Australian Association for Engineering Education: 3rd Annual Convention and

Conference, University of Adelaide, Adelaide (1991).

D. L. Evans and D. L. Shunk, Attributes for the baccalaureate engineer: What are the desires

of industry? in T. V. Duggan (ed), Proc. 3rd World Conference on Engineering Education Vol.

1: International Quality and Environmental Issues, Computational Mechanics Publications,

Southampton, Boston (1992).

B. G. Glaser and A. L. Strauss The discovery of grounded theory: strategies for qualitative research,

Aldine de Gruyter, New York (1967).

P. A. Vesilind, Why do engineers wear black hats? T. V. Duggan (ed), Proc. Third World

Conference on Engineering Education, 2, Computational Mechanics Publications, Southampton,

UK (1993) pp. 1-7.

R. G. Carter, A taxonomy of objectives for engineering education, Studies in Higher Education, 10,

n.2, Carfax Publishing Company, Oxford (1985) pp. 135-151.

Leigh Newport graduated from the University of Canterbury, New Zealand, with a BE

(Hons.) degree in Civil Engineering in 1994 and a Master of Engineering degree in 1995. She
currently works in Christchurch.

David G. Elms is Professor of Civil Engineering at the University of Canterbury, New
Zealand, specialising in complex system analysis and risk assessment. Through consulting
and research he has applied both disciplines to a wide number of problems including
environmental assessment, transportation safety, earthquake response and also engineering
education. He has written extensively on the latter subject, and is a past president of the
Association for Engineering Education in Southeast Asia and the Pacific.



