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Abstract—The Kolb model is widely used to analyze the learning style of
engineering students; however, there are no published studies carried out in Portugal. This study was applied to students who had just began their courses at a
Portuguese engineering school. This study object is to assess whether there is a
clearly majority learning style; whether there are differences in the learning style
among all students and between students in the industrial management course and
those in the technological engineering courses. The results allow the pedagogical
practice improvement in the classroom regarding the effectiveness increase of the
teaching process. This study results also allow improving the way students approach the study, overcoming difficulties in understanding the topics studied, improving the construction of their skills and increasing the quality of the learning
process.
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1

Introduction

It is a common state that engineering schools do not prepare well enough their students for the present-day job market. Today’s professional face a global market and
international jobs that have both competition and innovation needs. For this reality professionals are required to have both the traditional scientific and technological skills
and also modern skills, like social and management skills, whether those are industrial
or organizational. Traditional engineering training does not provide this type of modern
skills [1] [2]1.
As a result, field employers and professional organizations recommend that students,
in addition to learning concepts, or above all, also acquire the necessary skills for their
use in a real context [3]. Thus, the aim in current education is, for an effective convergence of academic knowledge with a scientific basis that higher education must provide
and the professional experience that requires the integration of this knowledge in the
business reality.
1

Note: These Course Accreditation Agencies have an international scope and in practice, induce their
requirements in most of the national Accreditation Agencies in a context of a global economy.
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The problem generated by this issue reveals the need to establish recommendations
for engineering schools to include a management course unit in mechanical, civil and
computer graduations. Although cross-cutting skills development is now a common requirement for all academic studies and all its curricular units [4], the truth is that in
Engineering Schools the institutional culture is different from Management Schools and
that cultural and disciplines differences have repercussions for the development of essential generic skills [5], at least in students perception of its importance.
This distinctiveness requires specific skills for management field professors in engineering schools, particularly in appropriate and effective pedagogical practices for
achieving these objectives that, in general, these teachers do not master.
In fact, professor’s recruitment in Engineering Schools is traditionally done among
engineers or professional scientists, based on their skills for profession exercise or on
the academic skills proved during their training. It is assumed that professors have pedagogical skills to teach due to their high academic qualifications but, in fact, they do
not have specific skills or knowledge in educational sciences. Professors teach in the
same way that they have learned and absorb, through continued practice, the institutional culture methodologies that permeate. They try, in this way, to overcome the epistemological differences between the educational sciences and the didactic practices of
engineering [6] [7].
As a result, engineering students are exposed to a multidisciplinary field and to different teachers, each one with their own and pedagogically poorly structured approach.
This difference is more emphatic in management disciplines learning, which requires
specific concepts of the social sciences, imposing that students leave their vocational
comfort zone which lend them choose to an engineering course [8].
Several researchers have been working on this problem [9]. Several authors understand that the use of style learning concept allows the adoption of more effective pedagogical practices, in the classroom and in the field. Cagiltay [10] studied the relationship between students learning styles and their performance in engineering education
programs. Bajpai, SinghRaghuwanshi, & Taskar [11], report that a better knowledge
and understanding of learning styles allows professors to configure a multivariate style
that effectively reaches the largest number of students. Ictenbas & Eryilmaz [12] confirm that several teaching modes should be integrated in courses for engineering students with different prior backgrounds. Several other authors refer to similar and positive aspects related to the use of learning styles as an instrument for improving teaching
conditions [13] [14] [6].
Other studies report that improvements in the teaching-learning process are obtained
when combining teachers teaching mode with students learning style, in what it constitutes a new approach to that process [15] [16].
In this context it was established, as an object of this study, the following questions
evaluation: is there a clear majority learning style among students who have chosen an
engineering course? Are there significant differences in the learning style among students who have chosen to attend the various specialties of engineering courses? Are
there significant differences in learning style between engineering students who have
chosen to take an industrial management course and those who have chosen technological engineering courses?
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The following sections include a critical reference to learning style concepts and
models, and the selected model (Kolb) is discussed with greater emphasis. The description of the methodology related with the empirical study follows and the main results
obtained are described and discussed.

2

Background Information

The learning style concept, although is not universally consolidated [17], is widely
addressed in the published literature, as can be inferred from Table 1.
Table 1. Learning style concept
Learning style concept
“The preferences students have for thinking, relating to others, and particular
types of classroom environments and experiences”
“The cognitive, affective, and physiological traits that are relatively stable indicators of how learners perceive, interact with, and respond to the learning
environment”
“A classifier of students according to where they fit on a number of scales
pertaining to the ways they receive and process information”
“A particular way in which an individual learns; a mode of learning; an individual’s preferred or best manner(s) in which to think, process information
and demonstrate learning; an individual’s preferred means of acquiring
knowledge and skills; habits, strategies, or regular mental behaviours concerning learning, particularly deliberate educational learning, that an individual display”
“The preferred way that the individual deals with given information and how
she/he constructs meaning out of stimuli”
“A biologically and developmentally imposed set of personal characteristics
that make the same teaching and learning methods effective for some and ineffective for others”
“A particular mode according to which an individual learns and thinks, a preferred means of acquiring knowledge, and habits and strategies associated
with learning”

Reference
[18] quoted by [19, p. 79]
[20] quoted by [21, p. 87]

[22, p. 674]
[23, p. 41]

[24, p. XIX]
[25, p. 132]

[17, p. 2]

According to Zapalska & Dabb [19, pp. 79-80] “these preferred styles result from
one’s past life experiences, genetic make-up, life and educational experiences and the
demands of the present environment.”
Coffield, Moseley, Hall, & Ecclestone [26], in a seminal work, perform a systematic
analysis and a critical review of learning styles models, also address the pedagogy implications and the formulation of teaching and research policies. The authors quote
Mitchell [27] to refer to the existence of more than 100 learning styles models, a plethora of unstructured models that can be ordered using the Curry [28] layer model as a
construct that can be understood as a classifier of cognitive volatility (Figure 1).
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Fig. 1. Curry´s model of learning styles [28].

According to this model, each layer represents an aspect of the learning style preference. The innermost layer represents the cognitive personality style, or the individual's
approach to assimilating knowledge, and is considered the most stable dimension of
learning. The middle layer represents the individual's information processing style and
explores the intellectual approach to information assimilation. The outermost layer considers the instructional preference or the learning environment choice. This layer is the
most easily influenced and least stable aspect of the learning style preference. A fourth
layer called social interaction was later included, describing an individual's preference
for social interaction during learning [29].
From this review, 71 models of learning styles were selected and, after a first screening, 13 models were chosen based on the following criteria: their theoretical importance
in the field as a whole, the diffusion of its use, commercial or academic, and its influence on other models of learning styles. On these models, internal consistency analysis,
test/retest of reliability, construct validity and predictive validity were made. The tests
results revealed some weaknesses in all analysis instruments of the learning style evaluated.
One of these models, defined by Kolb [24] [30] [31] based on how people perceive
and process information, has been used successfully in engineering education. Like others, such as McKenna, Copnell, Butler, & Lau [29] studies, presents evidence of noncompliance with some of the criteria specified in the tests - which can be determined
by the use of ipsative scales - but the reliability is high, and the behaviour in general
has been improved, particularly in version 3, used in this study, especially when used
as a self-assessment tool. However, other authors have confirmed not only the reliability but also the internal validity of the Kolb measurement instrument [32].
This has determined its choice because it has been in use for more than 30 years, and
it is suitable for higher education environments [33]. Kolb's experiential learning theory
offers an alternative to traditional classroom didactic and behavioural approaches,
providing personal change and development as part of a learning cycle [34] [35].
Kolb´s Learning Style Inventory, consisting of twelve questions with four options
each, forces the respondents to assign priorities, from 1 to 4, to each option, rather than
treating them as four independent factors. This format, called ipsative, determines that
the sums obtained for each variable are constant for each individual. Unlike what happens on a normative scale (Likert scale, for example, where an individual's attribute is
measured in relation to the score obtained by other individuals on that attribute), an
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ipsative scale measures the attribute weight in an individual's set of attributes. The ipsative scale is commonly used in the areas of personality measurement, vocational
choice and assessment of values and attitudes where the scale values are interrelated
[36].
There are references in the literature recommending the non-application of standard
statistical analysis procedures for normative data [37] [36], namely factor analysis, to
sets of ipsative variables [38], because sometimes the results of this analysis show less
reliability and confiability.
Some more conservative approaches recommend that ipsative scales not be used. A
less conservative approach is to carry out the analysis and to be very careful in the
interpretation phase, avoiding the use of these scales in exploratory studies however
may use in confirmatory studies, and always cross-validating the data obtained [39].
An alternative approach is to transform ipsative data into compositional data, which can
be the object of conventional statistical analysis [40].
Kolb's approach consists of three main components: (i) a theory of experiential learning; (ii) the Learning Styles Inventory (LSI), an instrument to test and apply the model;
(iii) a graphic model of the learning cycle.
i.

The theory of experiential learning states that learning is most effective when the
teaching-learning process includes a cycle of four key characteristics: a concrete experience related to the phenomenon under study (why); which creates the need for a
time of reflective observation of the phenomenon in its real context (what?); that
leads to the perception of the concepts that integrate the explanation of the phenomenon (how?); and the induction of these concepts in new situations (what if?).
The LSI is a survey consisting of 12 questions, each with four options, which should
be rated between 1 and 4, without repeating the score in each question. Kolb defines
the four variables of his graphic reference (Concrete Experience - CE, Reflective
Observation - RO, Abstract Conceptualization - AC, Active Experimentation - AE)
through partial sums of these values, which are then registered in the reference, defining a point in one of the quadrants that qualifies the respondent's learning style.
The graphic framework proposed by Kolb consists of two significant Cartesian axes,
to which two dimensions are associated: on the vertical axis, perception (how we
perceive things); and on the horizontal axis, processing (how we do things). Perception has two limits, the concrete (the student perceives better seeing or feeling) and
the abstract (the student perceives better handling ideas, concepts or symbols). The
perception capacity of a thing is located somewhere in the continuous line that joins
these two extremes, the vertical axis of the Cartesian plane.

ii.

iii.

The two processing limits are the active (the student does) and the reflective (the
student thinks). Someone’s processing capacity is located somewhere on the continuous
line that joins these two extremes, the horizontal axis of the Cartesian plane. Based on
these two continuous Kolb identifies four learning styles: diverging, assimilating, converging and accommodating, Figure 2.
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Fig. 2. Graphic reference for the Kolb model, adapted from Kolb [41].

Each of the learning styles corresponds to a definition of the learning characteristics,
Table 2 [42].
Table 2. Description of the learning styles characteristics, adapted from [43] [42].
Convergent

Strong in practical application of ideas
May focus on hypo-deductive reasoning for specific problems
Emotionless
Has limited interests.
Divergent
Strong in imaginative ability
Good at generating ideas and seeing things from different perspectives
Interested in people
Broad cultural interests.
Assimilative
Strong capacity to create theoretical models
Strong in inductive reasoning
Concerned with abstract concepts instead of people.
Accommodative Great ability to get things done
Capable to take risks
Performs well when needed to react immediately to circumstances
Intuitively solve problems.

Felder, Felder, & Dietz [44], although they have some reservations, they suggest that
the learning style may be a vocational predictor. Jones, Reichard, & Mokhtari [45] are
the most assertive in this statement, but their study focuses on various types of disciplines and not on types of courses or scientific domains. Kolb [24] states that the learning style it is not a psychological trait, but a dynamic state that results from a synergistic
transition between the person and the environment. Additionally, the author concludes
that learning styles are influenced by culture, personality type, educational specialization, career choice, work and present tasks. In this way, they are, in some way, predictors of vocational choices. Table 3 shows the synthesis of these aspects.
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Table 3. Relationship between specialized learning styles and five levels of behaviour
[46].
Behavior level

Diverging

Assimilating

Converging

Accommodating
Extraverted sensaPersonality types
Introverted feeling Introverted intuition Extraverted thinking
tion
Educational speciali- Arts, English, His- Mathematics, Physi- Engineering, Medi- Education Commuzation
tory, Psychology
cal Science
cine
nication Nursing
Sciences Research Engineering Medi- Sales Social Service
Professional career Social Service Arts
Information
cine Technology
Education
Current job
Personal jobs
Information jobs
Technical jobs
Executive jobs
Adaptive competenValuing skills
Thinking skills
Decision skills
Action skills
cies

Discordant voices are also found in the literature: Felder & Silverman [22] claim that
the incompatibility between student learning styles and teacher teaching styles determines poor performance of the teaching-learning process; Holvikivi [6] states that there
is still a long way to find an efficient pedagogical practice to train engineering students;
Riener & Willingham [47, p. 35] claim that “students differ in their abilities, interests,
and background knowledge, but not in their learning styles. Students may have preferences about how to learn, but no evidence suggests that catering to those preferences
will lead to better learning”.
In summary, we can accept - although with some dissenting voices - that the determination of the learning style of each student is an adequate instrument for pedagogical
practice configuration of the teaching-learning process [48] and, probably, for assessing
student's vocational agreement with the course they attend. Accordingly, a good teaching style should balance the preferences of the students to whom it is addressed [49].
Pedagogical practices that do not take into account the coexisting learning styles in the
classroom generate discomfort in students and lack of efficiency and effectiveness in
learning outcomes [9].

3

Methodology

The study was carried out at the Polytechnic School of Engineering in Porto from
September to October 2019, using students from the Computer Engineering, Civil Engineering and Industrial Management and Engineering courses.
All students involved in the study were explained the objectives and the questionnaire and their participation were volunteer and consented. Data collection was carried
out with the questionnaire in paper format. Table 4 shows the distribution of students
among the various engineering courses under study, all enrolled in the first year of the
respective course.
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Table 4. Sample
Course
Civil Engineering
Industrial Management and Engineering
Computer Engineering
Total

Number of students
42
27
63
132

As mentioned earlier, the instrument selected for this study was the Kolb Learning
Style Inventory Version 3.1 (KLSI 3.1) developed by David A. Kolb and was adapted
to Portuguese. KLSI 3.1 is a short questionnaire with 12 items that asks respondents to
rank four sentence endings that correspond to the four learning modes: Concrete Experience (CE), Reflective Observation (RO), Abstract Conceptualization (AC), and Active Experimentation (AE).
After data collection and validation, it was released and processed in the Statistical
Package for Social Sciences (SPSS) version 26.0 for Windows. Descriptive statistics,
means and standard deviation were calculated for the variables CE, RO, AC, AE and
for the combinations of AC and CE (AC-CE) and AE and RO (AE-RO). Cronbach's
alpha coeﬃcients values were calculated as a measure of internal consistency, a correlation matrix for scale construct validity, a factor analysis to explore construct validity
and t-tests for testing differences.

4

Results

Table 5 shows the results for a Cronbach alpha coefficients reliability analysis of the
internal consistencies of the KLSI scales and an analysis of the scale intercorrelations
using Pearson product moment correlations.
The coefficients for CE, AC, RO and EA, ranged between 0.73 and 0.77. Since all
values are greater than 0.7, these results suggest that the scales have good internal consistency reliability. Additionally, these results are in line with the values obtained in
other studies [50].
The results for the correlations between scales matching the hypothesis that there are
two bipolar dimensions, AC-CE and AE-RO are uncorrelated. Also, the CE and AC
scales are uncorrelated with AE-RO and AE and RO are uncorrelated with AC-CE. As
predicted in the Kolb model, both AC and CE and AE and RO are highly negatively
correlated.
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Table 5. Coefficient alpha reliability and scale intercorrelations
CE
RO
CE
(0.742)
-.433*
RO
(0.766)
AC
AE
AC - CE
AE - RO
* Correlation is significant at the level 0.01
alphas displayed in brackets

AC
-.400*
-0.16
(0.734)

AE
-0.06
-.484*
-.339*
(0.734)

AC - CE
-.786*
0.12
.862*
-.195

AE - RO
.217
-.866*
-0.08
.845*
-0.17

Although ipsative data limitations for the study of the internal characteristics of an
instrument such as LSI are well known, factor analysis remains the most appropriate
method for identifying internal validity of the instrument [32]. Table 6 reports the results of a principal components analysis of the four scales for the sample, used to study
the relationships between the scales. Guided for previous research [51] [52] [53] [32]
[50], the technique was used to extract three and two factors using the four primary
scales. The first solution – three factors – produced 1 factor consisting of an AE/RO
bipolar dimension. Factors 2 and 3 are more difficult to analyse, seems to be single
factors of CE and AC respectively. The second solution - two factors - led to a factor 1
consisted of an AE/RO bipolar dimension and factor 2 an AC/CE bipolar dimension.
All the factors from both solutions produce eigenvalues greater than 1.
So, the factor analysis of the scales is not completely consistent with the correlations
between scales for the three factors solution but is consistent for the two factors solution. This last solution supports the predicted internal structure of the LSI.
Table 6. Factor analyses of the scales.
Three Factor Solution
Factor 2
Factor 3
CE
0.961
-0.267
AC
-0.190
0.972
RO
-0.596
-0.377
AE
-0.128
-0.276
Variance (%)
33.257
30.869
Cumulative (%)
68.942
99.811
Eigen Value
1.43
1.33
1.24
Varimax rotation with Kaiser normalization
Factor 1
-0.061
-0.131
-0.708
0.952
35.686

Two Factor Solution
Factor 1
Factor 2
0.194
-0.780
0.023
0.897
-0.923
0.030
0.781
-0.132
37.500
35.788
73.288
1.50
1.43

Figure 3 shows the scores distribution to the KLSI questions for all students in the
sample. The questions 7d (practice and try out things), 4b (by actions), 8a (see the results of work), 3a (reason things out) show scores higher than 80% and the questions
4a (own experiences), 1a (feelings) 3d (energetic and enthusiastic) show scores below
40%.
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Fig. 3. Scores distribution to the KLSI questions.

Table 7 shows the results of the averages for the sample organized by the three
courses under study. The domain with the highest mean score was active experimentation (AE) and the lowest was concrete experience (CE) for all the courses. As can be
read from Table 7, students from the three engineering courses predominately have a
preference for abstractness over concreteness (CE-AC) and least preference for action
over reﬂection (AE-RO).
Table 7. Mean scores and standard deviations (SD). CIV- Civil Engineering; IME Industrial Management and Engineering; INF - Informatics Engineering.
CIV
Scale
CE
AC
RO
AE
CE-AC
AE-RO

Mean
22.88
33.00
28.52
35.60
10.12
7.07

IME
SD
4.68
5.10
6.70
5.26
7.98
10.63

Mean
22.07
33.89
29.37
34.30
11.81
4.93

INF
SD
6.69
6.39
6.19
6.77
11.69
11.49

Mean
23.17
33.16
29.35
34.29
9.98
4.94

Total
SD
6.38
6.05
6.62
6.14
10.40
10.73

Mean
22.86
33.26
29.09
34.70
10.40
5.61

SD
5.932
5.806
6.527
5.998
9.936
10.819

The four basic styles – diverging, assimilating, converging and accommodating type are created by dividing the AC-CE and AE-RO scores at the fiftieth percentile of
the total norm group. The cut point for the AC-CE scale is +7, and the cut point for the
AE-RO scale is +6. The Accommodating type would be deﬁned by an AC-CE raw score
<=7 and an AE-RO score >=7, the Diverging type by AC-CE <=7 and AE-RO <=6, the
Converging type by AC-CE >=8 and AE-RO >=7, and the Assimilating type by ACCE >=8 and AE-RO <=6. [50, p. 14].
The learning style preferences (in %) for the sample are shown in Figure 4a) and for
the courses in Figure 4b). For the sample assimilating (36%) learning style is mostly
preferred, followed by converging (31%) learning style. The assimilating learning style
is mostly preferred by Civil Engineering (29%) and Industrial Management and Engineering (52%) students and converging learning style is mostly preferred by Informatics Engineering (37%) students.
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Fig. 4. Learning style preferences. a) sample b) CIV- Civil Engineering; IME - Industrial Management and Engineering; INF - Informatics Engineering).

However, according to Fisher's exact (F) and chi-square (χ2) test results, the differences observed between the various courses are not statistically significant (χ2 = 9.842,
p = 0.132, F = 9.355, p = 0.149). Although there are no statistically significant differences between students, in Industrial Management and Engineering there is a tendency
to emphasise assimilating style and Informatics Engineering to emphasise converging
style.

5

Discussion

As mentioned earlier, the use of the Kolb model in this study is justified based on
the fact that its use is expanded, and has shown good results for adult populations in a
professional and / or higher education environment, characteristics that are verified in
the case in study. Some methodological difficulties, also mentioned, can be overcome
with the support of the indications given by the method author in the referred publication. This context facilitates comparative analysis with other case studies published in
the literature (Table 8).
Table 8. Comparative results analysis
Study
[54]
[50]
[10]
[55]
Average
Our study (all courses)
IME
INF
CIV

88

Diverger
8%
11%
24%
10%
13.3%
16.7%
7.4%
19.0%
19.0%

Assimilator
39%
32%
47%
40%
39.5%
36.4%
52.0%
35.0%
29.0%

Converger
40%
33%
24%
30%
31.8%
31.1%
26.0%
37.0%
26.0%

Accommodator
13%
24%
5%
20%
15.5%
15.9%
15.0%
9.0%
26.0%
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Table 8 analysis provides some findings:
i.

The results obtained on the study sample are compatible with others available in the
literature, originating from different times and geographies.
Most engineering students are of the assimilator or converger type, which is in accordance with earlier studies [56].
Industrial Management and Engineering students are essentially assimilator-type,
clearly distinguishing themselves from the profile of other engineering courses. This
result is in line with those obtained by other authors, although using a different methodology [11].
The results obtained on the study sample indicate that there are differences between
the styles of students who attend different engineering specialties. This result is in
line with those reported in several studies [57] [58].
As can be perceived by comparing the diagrams in Figure 2, the overall profile of
engineering students belonging to the studied sample is determined mainly by the
profiles of students in Industrial Management and Engineering (assimilator) and Informatics Engineering (assimilator and divergent), in which Civil Engineering students do not have a dominant profile. These facts seem to allow us to confirm that,
at least for some of the specialties, the learning profile can be used as a vocational
predictor [44] [45], although this statement can be considered controversial [24].
There is an identity between the results expressed in Figure 3 and the reading obtained on Table 8, through the characteristics indicated in Table 2.

ii.
iii.

iv.

v.

vi.

This study shows results in agreement with those obtained by other authors, by showing that (i) there is a clearly majority learning style in students who opted for an engineering course, although this characteristic in the Civil Engineering course is not as
evident as in the other courses; (ii) although there are no statistically significant differences, there is a trend in learning style among students who have chosen to attend various specialties in engineering courses, and, again, this trend is not so evident in the
Civil Engineering course; and (iii) although there are no statistically significant differences, there is a trend in learning style between engineering students who have chosen
to attend an industrial management course and those who have chosen technological
engineering courses, and it is in the Industrial course Management and Engineering that
this trend presents greater evidence.

6

Limitations and Future Study Scope

The biggest limitation affecting this study is the relatively small sample size, although the results of the statistical analysis performed can be considered valid and of
the same magnitude order as the samples used in the studies referred to.
Although several authors consider specific factors that condition the learning style
[59] [60] [61] [62], these were not considered here. In a future study, factors such as
the teacher teaching style, the impact of changing the institutional culture (students in
the sample have just began higher education), the nature of the classification and the
knowledge on entering higher education, the size of the surveyed sample and the
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sociodemographic characteristics of the respondents such as gender or origin (urban or
rural) should be included in a continuity study from the one carried out now, in order
to consistently validate and expand the present conclusions.

7

Conclusion

This study results are of interest to both teachers and students, as well as to higher
education curriculum managers. In particular, concerning teachers, the knowledge of
learning styles allows them to adapt the pedagogical practice in the classroom to the
varied profiles of students, minimizing the discomfort felt by students immersed in a
pedagogical practice that does not stimulate effectiveness and motivation in the teaching-learning process.
Regarding the case study, engineering students, the pedagogical practices should be
mostly adapted to the assimilating and convergent learning styles, in principle the majority learning styles in the class, and group work should be used as much as possible.
These groups should include and, if possible, be led by students from those two groups
of learning styles, who may act as facilitators and inducers for the learning of other
styles students who are less comfortable with the pedagogical practice in progress in
class. In fact, the student's knowledge of his or her own learning style may allow the
adoption of corrective practices for lesser effectiveness in the learning process. Students
can use this knowledge to define study strategies and improve group work, using their
strengths to their advantage and improving communication between group members
[54].
Another issue to be taken into account is the impact of the teacher's learning style which is necessarily reflected in the teaching style - in the pedagogical practice in the
classroom, and situations of inadequacy between styles should be avoided. It is certain
that it will not be possible to achieve full integration between the teaching style and the
learning styles of all students in each class, adequate reflection on what methods to be
adopted in terms of pedagogical practice in the classroom should lead to better results
and greater satisfaction with the effectiveness of the teaching-learning process.

8
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