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Abstract—Two main competence approaches are under the
discussion. There is evidence that graduates do not fully
perceive and/or underestimate the influence of non-technical
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the necessity of non-technical competences develops after a
graduate has already been hired and is working at that job.
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I. INTRODUCTION

The starting point for this paper is the need to provide a
clear and coherent definition of professional engineers’
non-technical skills or competences. Unfortunately, this is
not as straightforward as it may seem. Despite the terms
“non-technical competences”, “soft skills”, and “non-
technical skills” being used in articles published in recent
years, the scientific community has still not reached an
agreement on the definition and the exact content and
meaning of non-technical competences. On the one hand,
employers have reached the conclusion that in addition to
excellent technical competence, engineering also requires
some kind of successful social behaviours [1], [2], [3], [4],
[5], [6]. On the other hand, researchers have largely
reached a consensus on the same matter [7], [8], [9], [10],
[11], [12], [13], [14]. In literature there is empirical evi-
dence for an existing link between non-technical compe-
tences and employability [15], [16], [17], [18].

No agreement has been reached regarding what exactly
the non-technical skills or competences are in their con-
tent. Ongoing debate shows clearly that different re-
searchers understand this issue differently and are offering
different “packages” of engineers’ non-technical skills
[19], [20], [21]. Still there is no consensus about whether
it should be defined in terms of skills or competences or
both. Moreover, we have to look to history for a better
understanding of the larger term “competence”, as there
are two different and competing approaches in scientific
liaterature. This lack of coherence has lead to a degree of
fragmentation in engineering education literature and may
explain why it is difficult for researchers and educators to
understand each other.

This interest in competences has also reached the field
of higher education. There are increasing calls for compe-
tence-oriented engineering education, including in aca-
demic contexts [22], [23] and this trend is continuing.
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II. THEORETICAL FRAMEWORK

A. First Approach: Competency

The term “competence” first appeared in an article au-
thored by Craig C. Lundberg in 1970 [24] and it is widely
used in personnel and human resource literature. Current
interest dates back to Hamel & Prahalad [25], who spoke
about a company’s “core competences” in the context of
strategic management. “Core competence” is seen as a
distinguishing feature in which an organisation excels, a
source of competitive advantage, and a base for success.

The term competence was known in Europe as a
“learned capacity to perform”, but not widely used beyond
occupational education. Competences have meanwhile
spread to education and the trend is still going on. In the
USA, competency is mainly defined as any characteristics
relating to superior performance. Spencer and Spencer
[26] created an Iceberg model (Figure 1) of competency
and have defined competency as “an underlying character-
istic of an individual that is causally related with criterion-
referenced effective and/or superior performance in a job
or situation”.

In this approach competency equals the basic features
of a person that are associated with superior performance
in a situation. Five features of competency were identified,
namely motives, traits, self-perception, knowledge, and
skills. Motives are the forces that a person consistently
thinks about. Motives lead behaviors towards specific
activities or goals. A trait is an element of personality that
is relatively stable throughout the lifespan and across
contexts. Self-perception is a personal attitude. Knowl-
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Figure 1. Iceberg Model (modified by L.M. Spencer, & S.M. Spencer,

1993)
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edge includes information that a person has in his own
range. Finally, skill is the ability to perform a specific
mental or physical task. Knowledge and skills are related
to obvious and superficial features while self-perception
and motivation characteristics relate to personality charac-
teristics and the deep or hidden features of individuals.
From a theoretical point of view, work and organizational
psychologists do not fully agree on a general definition for
and conceptualization of competency [27], [28], [29].

B. Second Approach: Competence

The second approach is widely used in the EU, and in it
competence is defined as a learned capacity to perform.
Roe [30] has defined competence as “a learned capacity of
an individual to adequately perform a task, duty or role”.
In an Architectural model offered by Roe [28] the compe-
tences should be differentiated into knowledge, skill and
attitude, and described through abilities, personality traits,
and other characteristics (Figure 2).

In mainstream psychology literature, skill is understood
as the capacity for carrying out complex, well-organized
patterns of behavior smoothly and adaptively so as to
achieve some end or goal. Although this term was origi-
nally used largely with respect to motor activity, it is now
commonly used when talking about verbal and social
skills. A skill does not develop on its own from nothing —
skill is based on knowledge, and skills develop through
the practical use and application of prior knowledge.
Professional attitudes are understood as a person's readi-
ness or willingness to act in accordance with his personal
values. A person’s abilities are his capacity to acquire
necessary knowledge and skills. Personality traits are, for
example, neuroticism, agreeableness, rigidity, impulsive-
ness, etc. Other characteristics are, for example, appropri-
ate education, successful school history, average grade in
math and physics, apparent interest in IT, etc.

C. Engineering non-technical competences

From a theoretical perspective and for several reasons
we prefer to follow the Architectural model of compe-
tences offered by Roe [31]. First, this theoretical model is
based on well-defined work and organizational psychol-
ogy theories and concepts that complement one another;
in addition, it fits with existing theories of learning and
activity. Second, this theoretical framework is transferable
to different occupations. Third, the model provides the
opportunity to define competences as a learned capacity to
perform, i.e. fills in the notion of experience. One can
view an engineer’s competences as a set of behaviors that
enables him to do a job properly. In this way, compe-
tences are regarded as a result (output) preceded by some-
thing. Fourth, the model provides an opportunity to under-
stand the interrelation between the input and output of
engineering competences. As in any other profession, in
engineering there should be some combination of an input
(knowledge, skills, and attitudes) and an output - compe-
tences. The development of competences is influenced by
abilities, personality traits and other characteristics (and
hence is different from these).

Shifting our focus back to the engineers’ non-technical
competences, there is a need to develop an explanatory
knowledge of human behavior and its context in work,
organization, and personal as well as inter-personal fields,
with skills developing through the process of using
knowledge in every-day work practice. Professional
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Figure 2. Architectural Model of Engineers’ Competences (modified
by D. Bartram and R.A. Roe, 2005)

attitudes provide a general frame for a person’s decisions
and actions. Thus competences are based on all three
elements. Based on the described understanding, non-
technical engineering competences can be defined as “a
specific range of non-technical knowledge, skills, and
attitudes/value system needed to adequately perform the
professional work and professional roles of engineer”.

III. RESEARCH

A. Research method

Tallinn University of Technology (TUT) conducted a
study of graduated (2008 alumni) students at the end of
2009, e.g. one and a half years after their graduation. The
survey used for the study had 20 sections and contained
152 questions that the respondent had to answer. In addi-
tion to these, the survey also included socio-demographic
information (age, sex, language spoken at home, gross
salary, current sources of income, work experience) and
optional questions about the department, graduating level,
and major of the subject's studies. The survey organizers
sent out 1473 invitations to fill out the web-based survey.
Due to incomplete address information, 51 graduates were
left out of the survey. A total of 534 people (51% female,
49% male) filled the survey, a rate of 36%. The survey
was compiled and the process carried out by the TUT
Career and Counseling Office. Analysis was performed in
the TUT Department of Industrial Psychology.

The questionnaire included a special block of questions
regarding engineers’ need for competences. Competences
that were evaluated were:

e Knowledge that expands one's worldview;
e Computer skills;

e Learning skills;

o Foreign languages;

e Analysis and synthesis/critical thinking;

e Leadership;

e Social skills (for ex. teamwork, negotiations, self-
assertion);

o Self-expression and presentation skills;
o Professional knowledge;
o Practical professional skills.

Two of the named competences were technical compe-
tences (professional knowledge and practical professional
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skills); knowing a foreign language relevant to the profes-
sion and computer skills on the level required by the field
are general competences for the engineering profession,
and analysis and synthesis/critical thinking (characteristic
of many different fields), and five were non-technical
competences. The graduates evaluated separately to what
degree they felt their knowledge and skills (meaning the
preparation they had in university) helped in finding a job.

For responses the Likert-type forced choice 5-point
scale was chosen as the most widely used scale in survey
research. A Likert item is simply a statement that the
respondent is asked to evaluate according to any kind of
subjective or objective criteria; generally the level of
agreement or disagreement is measured. Response scale
was:

Strongly disagree;
¢ Disagree;

Do not know;

e Agree;

Strongly agree.

Unfortunately the graduates only evaluated the given
competences on the Likert 5-point scale and did not have
an opportunity to give free responses. Therefore if some
competence was missing from the list, it was not possible
for the respondents to evaluate that competence.

B. Employability and Work Satisfaction

The proportion of students who found work, i.e. the
employment rate, was high — 81%; 2% were unemployed,
22% were continuing their studies either as their main
activity or in addition to working. 93% of graduates were
happy with their choice of field and 89% felt that they
were getting along well at their current jobs. 85% of the
graduates were working in the same field they studied; of
these 45% were mid-level specialists or technicians, 22%
were working as top specialists, and 12% in leadership
positions.

Satisfaction with one's work and competitiveness on the
labor market (employability) were measured on the basis
of two statements, “I am satisfied with my work” and “I
feel I am competitive on the labor market”. 85% of re-
spondents were satisfied with their work, 10% were not
satisfied, and 5% did not know; 89% of the graduates felt
they were competitive on the labor market (employabil-
ity), 8% did not feel competitive, and 3% did not know.

TUT's earlier graduate studies on the dynamics of em-
ployability, work satisfaction, and working in one's field
of specialization suggest that employability and working
in one's specialty have decreased somewhat compared to
the last study from 2006 (Table 1).

TABLE L.
DYNAMICS OF EMPLOYABILITY AND WORK SATISFACTION
Graduation Employability =~ Work satisfac- Work in
(year) (%) tion (%) specialty
(%)
2000 86 76 93
2001 87 71 92
2002 97 76 93
2004 95 82 92
2005 86 81 89
2006 92 85 94
2008 89 85 89
16

Employability ranged from 86% (in 2000) to 97% (in
2002). Work in one's specialty is another indicator for
evaluating the acquired higher education. If there are
many graduates who do not find a job in their specialty,
there could be an “overproduction” of specialists, a nega-
tive economic trend, or graduates do not have adequate
competences to get a job. Through the years the percent-
age of graduates who get a professional job has ranged
between 89% and 94%. The graduates’ work satisfaction
has a tendency to increase year by year. In 2000 76%
graduates were satisfied with their every-day work, and in
2006 and 2008 there was 9% increase in graduates who
were satisfied with their everyday work.

C. Employability and Non-Technical Competences

The surveyed graduates (N=425) evaluated how the
competences they acquired in university helped them in
finding a job after their graduation (see Figure 3.)

The factors that were evaluated as being most important
in getting a job were computer skills (91% agreed, 7%
disagreed) and learning skills (89% agreed, 9% dis-
agreed). These were followed by professional knowledge
(87% agreed, 11% disagreed), professional practical skills
(74% agreed, 24% disagreed), and competences in analy-
sis, synthesis/critical thinking (87% agreed, 9% dis-
agreed).

Such typical non-technical competences as social com-
petences (agreed 80%, disagreed 16%), self-expression,
presentation skills (agreed 75%, disagreed 20%), and
foreign language (general competence; agreed 81%,
disagreed 18%) were also evaluated highly as compe-
tences positively affecting employment.

The main disagreement was with respect to the two
non-technical competences, namely the general under-
standing of the world and leadership competences. More
than one-quarter of the respondents did not believe (27%
disagreed, 68% agreed) that their general understanding of
the world had a positive influence on their employment.
52% of graduates did not feel that leadership competences
were an important factor in their becoming employed and
less than half of respondents (41% agreed) felt that leader-
ship competences affected the landing of a job positively.

Disagreement was also relatively high regarding the
necessity of such competences as professional practical
skills (24% disagreed), self-expression, presentation skills
(20% disagreed), foreign language (16% disagreed).

OAgree ODisagree B No answer

1 74%

Professional practical skills IT' 24%

1 87%

Professional knowledge g 1%

2%

1 75%

- i i 0,
Self-expression, presentation =% 20%

[
1 0/
Social 9% 16%
0,
1 0,
Leadership % 52%

Analysis, symthesis/critical thinking 'Eg)o%

1 80%

1 87%

1 81%

1 0/
Foreign language [S==——=18%

] 89%

i 0,
Learning Z%QA’
191%
0,
Computer 1%7 o
" ] 68%
General understanding of world 21% °

4%

Figure 3. Employability — Technical and Non-Technical Competences

that Influenced Employment
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Figure 4. Graduates Comparing Technical and Non-Technical Compe-
tences Required for Their Jobs with Their Own Competence Level

Surprisingly, 11% of respondents disagreed with the
necessity of professional knowledge as a positive factor in
their employment.

D. The Gap Between Required and Real Competences

TUT graduates (N=425) evaluated the level of compe-
tences recommended for their current position and com-
pared that with the level of their existing competences.

A gap did exist between the recommended level of
competences and the actual level of their competences —
on the 5-point scale the difference was around 0.5 (Figure
4).The largest negative gap was found in the comparison
of estimated real professional knowledge and real practi-
cal professional skills with required professional knowl-
edge and required professional practical skills (respec-
tively the gaps were -0.46 and -0.47).

A negative gap was found between real and required
competence levels in such non-technical competencies
like self-expression, presentation skills (gap is -0.42),
social skills (gap is -0.34), leadership competences (gap is
-0.36), analysis, synthesis and critical thinking (gap is -
0.26), and foreign language (gap is -0.31).

IV. DISCUSSION

The university graduates evaluated their level of com-
petence as equal to the recommended level for their job in
general understanding of the world (gap is positive,
+0.06). For all the rest of the competence assessments
there is a negative gap between real and required compe-
tences at the current job. The smallest negative gap was
found in computer competences (gap is -0.1).

The terminological confusion concerning the defini-
tions and concepts of competence often reflects the con-
flation of distinct concepts and inconsistent usage of
terms. The few attempts to establish coherent terminology
have had little impact to date. Boak [31] argued that
competency in the American sense is exactly the same as
competence as it used in the UK occupational standards.
We agree with Burgoyne [32] who similarly distinguishes
“being competent” (meeting the job demands) from “hav-
ing competencies” (possessing the necessary attributes to
perform competently), i.e. to adequately perform profes-
sional work and different professional roles.
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We found that the term “soft skills” is used in different
disciplines and in content it emphasizes the bipolar posi-
tion, such as hard skills (mainly understood as technical
skills) vs. soft skills (mainly understood as social skills);
as well as technical vs. non-technical skills in engineering
education.

As noted, we analyzed the results of the TUT graduates
study (2008 alumni) with a focus on engineers’ profes-
sional competences. A relatively high employment rate,
employability, and satisfaction with one's work were
found among the graduates.

A high level of consensus was found among graduates
that computer and learning skills were those that had the
greatest importance in getting a job. However, these two
competences were also the ones that had the smallest gap
between the real and required competences at work. In
other words, these two competences were already well
developed during studies at the university and increased
the employability of graduates.

The two main technical competences, respectively pro-
fessional knowledge and professional practical skills, were
evaluated as the second priority for employability. In
evaluating their real and required technical competences,
in the current study the gap was greatest among the
aforementioned set of competences.

Regarding other competences, the one rated as having
the highest impact on graduates’ employability was the
analysis, synthesis and critical thinking as general compe-
tence followed immediately by technical competences.
The gap between the real and required levels of analysis,
synthesis and critical thinking competences was compara-
bly smaller than the gap in the case of technical compe-
tences.

Such non-technical competences as social competences,
self-expression and presentation skills, and foreign lan-
guage (general competence) were widely evaluated as
being necessary in the context of employability, but quite
a large negative gap was found between the real and
required competence level.

The most intriguing finding was that in the evaluation
of leadership competences, there exists a tendency to
underestimate the importance of leadership competences
for employability. Moreover, a negative gap was found in
the comparison of the estimated real and required leader-
ship competences.

The finding that graduates’ general understanding of the
world does not have so much influence on their employ-
ability is not easily interpretable. We assume that as
graduates evaluate their general understanding of world as
something that they had already, this came out as the
single positive gap between real and required competence
levels in study. There was a quite similar finding in a
study of Estonian universities graduates (2009 alumni)
that was carried out in 14 universities, including TUT
[33].

Of course, there exists a possibility that employers do
not consider non-technical competences during the re-
cruiting process, but if you are already employed non-
technical competences are required for being an em-
ployee. Therefore, when starting their professional ca-
reers, graduates discover that the level of non-technical
competences required by the job and what they actually
have is, unfortunately, different.
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V. CONCLUSIONS

Based on the analysis of existing literature and the cur-
rent research findings, we reached four main conclusions.

First of all, both the theoretical perspective and evi-
dence-based competence models sorely need for some
agreements to be reached regarding terms, definitions, and
theoretically valid concepts as well in regarding engi-
neers’ competences. For a deeper understanding of engi-
neers’ technical and non-technical competences, interdis-
ciplinary cooperation and collaboration with researchers,
educators, practitioners, employers, educational policy
makers, professional bodies, and other stakeholders is
needed.

Second, graduates do not fully perceive and/or they un-
derestimate the influence of non-technical competences on
their employability. An understanding of the necessity of
non-technical competences develops after a graduate has
already been hired and is working at that job.

Third, the learning and the analysis, synthesis and criti-
cal thinking competences were most highly evaluated
competences in the context of employability. In such
competences as social ones (for ex. teamwork, negotia-
tions, self-assertion), self-expression, presentation, and
foreign language, a considerable gap was found between
real competences and required competences for a job.

Fourth, we found that there exists a tendency to under-
estimate the importance of leadership competences for
employability. A negative gap was found in comparing
one's estimated real leadership competence and the leader-
ship competence required for job leadership. Taking into
consideration that a third of the TUT graduates surveyed
were working in a leadership position or as a top specialist
just 1.5 years after graduation and doing work in which
leadership competences are vital, it is a serious failure in
the perception of that fact.

Study limitations

About 25% of the graduates from non-engineering
fields at TUT also participated in the study and it was not
possible to filter out their responses in the database be-
cause the web-based survey was carried out anonymously.
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