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ABSTRACT

This article aims to present the results of an analysis of the level of perceived achievement of
the complex thinking competency among a group of engineering students in their last semes-
ter at a university in Western Mexico. The intention is to identify whether this population has
the necessary skills to meet challenges and solve problems related to the demands of their
future professional environments. Specifically, we not only seek to know the level of percep-
tion of achievement of complex thinking but also to understand its behavior and the possible
existence of differences between the male and female populations. Methodologically, explor-
atory and multivariate descriptive statistical analyses were carried out. The results showed
that the participants felt a high level of perceived achievement of the complex thinking com-
petency, which was more noticeable in the male population.
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1  INTRODUCTION

Contemporary professionals face challenges that often go beyond the theoret-
ical knowledge they acquired in their training process, requiring skills and com-
petencies that integrate their discipline, environment, and the challenges of fluid
and constantly changing reality. Globalization, the promotion of diversity, inclusion,
multiculturalism, and other phenomena are elements of complex contexts requiring
similar competencies [1].

Complex thinking is the capacity of an individual for integrated reasoning that
allows the managing of information to resolve problems in their environment,
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considering knowledge, skills, and attitudes necessary for the analysis and synthesis
of data and the development of a continuous learning process [2]. Universities have
paid attention for years to the formative processes of complex thinking as a compe-
tency for life, valuing that acquiring and developing this competency can provide an
advantage for their graduates in their futures as professionals [3].

Faced with a reality in constant flux and the uncertainty of changes, future pro-
fessionals must acquire and develop complex thinking as a fundamental compe-
tency, providing the necessary cognitive tools to face challenges and propose viable,
sustainable, and comprehensive solutions [4]. However, from its integration, the
competency of complex thinking comprises several types of thinking and styles of
argumentation that are more related to specific disciplines and the challenges they
face. It is necessary to associate how this competency and its subcompetencies can
be configured for the students’ professional profiles [5]

Based on the above, this article aims to present the results of a study on a group
of engineering students in their last semester at a university in Western Mexico. The
motivation for this quasi-experimental intervention was to identify their level of
perception of achievement of complex thinking to provide information to design a
professional profile related to this competency and its sub-competencies to improve
the pedagogical model in this disciplinary area. The theoretical framework provides
an overview of engineering education in Latin America, and specifically in Mexico,
focusing on the importance of considering transversal competencies and skills as
part of the teaching process. Thus, we seek to expose the relevance of complex think-
ing as a valuable competency for the professional profile of engineering students.
Methodologically, we performed an exploratory and a multivariate descriptive sta-
tistical analysis.

1.1 Theoretical framework

Professional training in the area of engineering. Engineering has a tran-
scendental role in the development of society. Every engineering professional
applies, builds, and recreates science and technology to improve infrastructure,
processes, and material resources that increase productivity, wealth, and the
population’s quality of life. Engineering has dehumanized the theories and the
processes underlying consumer objects that today we consider indispensable; for
example, cellular telephones, the internet, medical devices, technology, and space,
among others [6].

On the other hand, the dynamics of everyday life, the challenges, and current
problems entail a constant evolution of views and training processes. In this sense,
training for engineering throughout history, since the ancient world, as an exercise
“competed with natural forces and dominated them, as a profession attentive to
the invention of war devices, water extraction machines, roads, canals, bridges,
draining of swamps, subway galleries, large port facilities, city defenses” [7]. In
Latin America, according to Vargas [8], engineering has gone through three peri-
ods (Figure 1).
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Fig. 1. Periods of engineering in Latin America. created by the authors based on Vargas [8]

According to Dettmer [9], Mexican engineering was recognized at the beginning
of the twentieth century, brought to the country through technological transfer by
foreign engineers and technicians who contributed to the design, construction, and
development of agricultural, industrial, and service infrastructures. This transfer
by foreign engineers and technicians was abandoned at the end of the 40s due to
higher education institutions’ training programs. In the 80s, Mexican engineering
education and training became self-sufficient in civil, seismic, and hydraulic engi-
neering, while electrical and electronic engineering still required imports.

Vega [10] comments that, nowadays, engineering training requires the inclusion of
training aspects that generate human, business, and managerial competencies in addi-
tion to the specific theoretical and scientific training in the area. He proposes training
in oral and written communication, teamwork, interpersonal management skills, emo-
tional intelligence, ethics, and moral autonomy for human competencies. He suggests
acquiring business and management competencies by including learning for life, cre-
ativity, leadership, administration, new-product development, and entrepreneurship.

Similarly, regarding the trends in engineering education, Alvarez and Garcfa [11]
stated the need and importance of including in engineering education topics that
address strategic problems at a planetary level, among them:

- Energy

— Food

— Health

— Environment

— Mobility

— Complexity as a perspective to understand problems and phenomena beyond
mathematics and science

To this end, they considered that “the engineer is a social being of global action ...
with generic and systemic capabilities within flexible environments” (pages 6 and 7).
Therefore, the training must prepare new engineers to offer solutions at the technical
and economic levels for concrete and local answers to social problems so that as part of
the professional profile, the socioeconomic and humanistic competencies will favor the
management, design, planning, and development of projects with a global impact [12].
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Although it can be seen that there is a common basis for engineering education,
each institution, based on its mission, sets its parameters for the profile of its profes-
sionals, considering traditional visions of the teaching of basic sciences or a greater
openness to considering complementary skills and competencies that provide a
more diverse, flexible, and updated profile [13].

The competency of complex thinking for training in engineering. Complex
thinking or reasoning refers to the ability of people to apply integrative thinking
that enables them to analyze and synthesize information for problem-solving and
developing continuous learning [14]. When reference is made to complex thinking,
it includes quantitative, qualitative, algorithmic, analogical, contextual, combinato-
rial, fuzzy, imaginative, provisional, heuristic, and ethical reasoning [15].

At the professional level, the competency of complex thinking allows individuals
to face the challenges of reality integrally and strategically, considering diverse dis-
ciplines and approaches within their analysis and choices [16]. Therefore, complex
thinking determines how people perceive their ability to solve their problems and
the intellectual tools they need to face difficulties [17]. Within the complexity of this
competency, the mastery of four types of thinking or sub-competencies is valued:
systemic, scientific, critical, and innovative.

— Systemic Thinking is the ability to analyze problems integratively, considering
inter- and transdisciplinarity. Systemic thinking allows the appreciation of reality
in an interconnected way, considering its complexity and recognizing its multiple
elements [18].

— Scientific Thinking is based on problem-solving from a vision and objective, val-
idated, and standardized methods that address reality considering structures
of inquiry and evidence-based research. Such research gives certainty to deci-
sion-making processes in the complex world [19].

— Critical Thinking is a sub-competency that allows individuals to evaluate the
validity of reasoning to make logical judgments in a situation or problem [20]. In
addition, it enables the individual to analyze and evaluate the current informa-
tion on a topic or problem, discerning what reality does not say and thus being
able to reach a level of understanding that enables making a decision [21].

— Innovative (or creative) Thinking refers to creativity and processes focused on
solving complex problems; in addition, it has an interdisciplinary character that
drives the organization of processes and knowledge using new approaches [22].
The role of creativity is easily recognized in professional artistic and entrepre-
neurial areas, along with other competencies such as teamwork and achieve-
ment skills [23]-[25]. However, innovative thinking or creativity has a place in
all Industry 4.0 disciplines, including the humanities, engineering, and sciences.

Although Morin proposes the need to develop complex thinking integratively, i.e.,
including all its sub-competencies, some studies suggest a more significant develop-
ment of sub-competencies in individuals from specific disciplines, considering the
challenges and problems they face, forcing them to make particular skills more effi-
cient than others. For Azurin [26], Eyzaguirre [27], and Gutiérrez and Medina [28],
critical thinking is characteristic of the humanities, social sciences, and architecture;
their professionals need to analyze, reflect, and question their reality to interact
and transform it. On the other hand, for Cardozo [29], Ledn, Barrios, del Carmen,
Arévalo, Rincon, and Pérez [30] and Mendoza [31], systemic thinking is fundamental
for the area of business and the constitution of companies, considering that this type
of reasoning turns out to be very important for the development of corporate social
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responsibility, the creation of intelligent organizations, and administrative manage-
ment in general. Finally, we can consider the contributions of Paredes [32], Ruidiaz
Villalobos [33], Colina and Camacho [34], and Rojas and Cortés [35]. They see in the
medical and engineering areas the most significant development of scientific think-
ing because they are disciplines in which the use of the scientific method, objective
evidence, measurable data, and replicable results are encouraged. Although the sci-
entific method can be used in any disciplinary area, it is in the STEM disciplines
where more work has been done on its adoption, implementation, and development.

Even so, despite these studies that categorize argumentation according to its area
of training, an increasing tendency on the part of educational institutions is to avoid
this reductionist view, considering that mainly encouraging one type of thinking can
be limiting for students when they enter the contemporary world. For Vazquez and
Manassero [36] and Chamizo [37], STEM areas should not be limited to the exclusive
development of scientific thinking, just as the use of the scientific method should not
be excluded from the training in other disciplines; both improve implementation
and problem-solving processes by considering systemic and critical argumentation.
Other disciplines could better structure their processes for collecting, analyzing, and
synthesizing information by adopting validated methodologies. Thus, according
to Vazquez-Parra, Castillo-Martinez, Ramirez-Montoya, and Milldn [38], the devel-
opment of complex thinking competency integratively is necessary for all profes-
sionals, and the types of thinking that have been stereotypically limited to specific
disciplines should be encouraged as a priority for all.

In this line of analysis, the present article seeks to measure the perception of
achievement of the complex thinking competency both in general and in each of
its subcompetencies, considering them relevant skills for any profession, including
those associated with engineering education.

2  METHODOLOGY
2.1 Participants and procedure

A convenience sample of 146 engineering students in a technological university
in the Western region of Mexico that had adopted a competency-based educational
model voluntarily answered a self-administered questionnaire digitalized on the
Google Forms platform in the last semester of their careers. All the sample had access
to the same instrument. The study was conducted in September 2022 at Tecnoldgico
de Monterrey, Campus Guadalajara, and considers students from 10 engineering pro-
grams (biotechnology, biomedical, civil, innovation and development, industrial and
systems, mechanics, mechatronics, computer technology, electronic technology, and
information technology). Table 1 shows the characteristics by gender of the group.

Table 1. Participant data by gender

n

Male

%

n

Female

%

N

Total

%

97

66%

49

34%

146

100

It is recognized that there was a significant difference in the population between
men and women; however, it was proportional to the reality that occurs in Latin
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American classrooms, where women have an enrollment rate in STEM careers of
less than 30% [39]. Considering this was an exploratory study involving individuals,
we submitted the proposal for its implementation to the interdisciplinary research
group R4C for approval and regulation. We also had the technical support of the
Writing Lab of the Institute for the Future of Education at Tecnologico de Monterrey.

2.2 Instrument and data analysis

For this study, the validated eComplexity instrument was applied.

The eComplexity instrument aimed to measure the participants’ perception of
their mastery of the reasoning-for-complexity competency and its sub-competen-
cies. It is an instrument that has been validated theoretically and statistically by a
team of experts in the field. The results obtained for the criteria evaluated by the
experts were: Clarity (3.31), Coherence (3.38), and Relevance (3.54). Based on the
theoretical and content validation by means of expert judgment, it was determined
that the eComplexity instrument is highly valid and reliable [40]. The instrument
comprised 25 items divided into four sub-competencies: Systemic, Scientific, Critical,
and Innovative (or creative) Thinking. Each item was answered on a 5-level Likert
scale: 1: Strongly disagree, 2: Disagree, 3: Neither agree nor disagree, 4: Agree,
5: Strongly agree (Table 2).

Table 2. eComplexity instrument items

Sub-Competencies Item Question
1 I can find associations between a project’s variables, conditions, and constraints.
2 [ identify data from my discipline and other areas contributing to solving problems.
3 [ participate in projects that need to be solved using inter/multidisciplinary perspectives.
Systemic Thinking
4 [ organize information to solve problems.
5 I enjoy learning different perspectives on a problem.
6 I am inclined to use strategies to understand the parts and whole of a problem.
7 I have the ability to identify the essential components of a problem to formulate a research question.
8 I know the structure and formats for research reports used in my area or discipline.
9 I identify the structure of a research article used in my area or discipline.
Scientific Thinking 10 [ apply the appropriate analysis methodology to solve a research problem.
11 I design research instruments consistent with the research method used.
12 I formulate and test research hypotheses.
13 I am inclined to use scientific data to analyze research problems.
14 I can critically analyze problems from different perspectives.
15 [ identify the rationale for my own and others’ judgments to recognize false arguments.
16 I self-evaluate the level of progress and achievement of my goals to make the necessary adjustments.
Critical Thinking
17 I use reasoning bhased on scientific knowledge to make judgments about a problem.
18 I make sure to review the ethical guidelines of the projects in which I participate.
19 [ appreciate criticism in the development of projects to improve them.

JEP| Vol 13 No.3 (2023)
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Sub-Competencies Item
20

Table 2. eComplexity instrument items (Continued)
Question

I know the criteria to determine a problem.

21

I have the ability to identify variables from various disciplines that can help answer questions.

22

[ apply innovative solutions to diverse problems.

Innovative Thinking
23

I solve problems by interpreting data from different disciplines.

24

I analyze research problems considering the context to create solutions.

25

I tend to evaluate the solutions to a problem with a critical and innovative sense.

Regarding data processing, we conducted an exploratory analysis and a multivar-
iate descriptive statistical analysis using R [41] and Rstudio [42] computational soft-
ware. The exploratory analysis focused on the analysis of absolute total values, on
values relative to gender expressed in percentages of complex thinking competency,
and on the analysis of unidimensional dispersion in a Beeswarm chart. Statistical
analysis determined arithmetic means and standard deviations and employed box-
plot, principal component, and biplot analyses for each sub-competency of the com-
plex thinking competency.

The analysis of arithmetic means was carried out to determine a representative
value for the students’ perception of their complex-thinking competency develop-
ment and its competencies. The standard deviation analysis identified the disper-
sion in the perception of the competencies around the means. To complement these
analyses, we created a boxplot analysis, which made it possible to visually iden-
tify data behavior patterns in the sample for each sub-competency. This tool, also
known as a box and whiskers plot, allowed us to identify outliers, asymmetries, and
dispersion of the data through quartiles (or percentiles). Also, to avoid collinearity
problems in the multivariate analysis, we carried out a principal component analy-
sis (PCA). This analysis makes it possible to capture the maximum variability of the
original data through a new set of components (called principal components) that
are independent and uncorrelated (i.e., it avoids collinearities). There are as many
principal components as variables used (sub-competencies). To better understand
the PCA, a Biplot analysis allowed us to visualize the relationship between variables
(sub-competencies) and the behavior of the observations (students) for the two com-
ponents that capture the maximum variability. Since the interest of the article was
to observe the behavior of the perception of the development of sub-competencies
in students, the Biplot we performed was of the form (a = 1).

Finally, a statistical significance analysis was performed using the t-test on the
difference in mean values between men and women for both the complex thinking
competency and each of its sub-competencies.

3  RESULTS

The analysis of arithmetic means and standard deviations is shown in Table 3. It
shows that the sample of students perceived developing complex thinking compe-
tency with a mean value of 4.32 and a standard deviation of (0.50). By gender, the
men’s perception of their complex thinking was higher (mean value of 4.36 com-
pared with females’ 4.24). However, the women’s standard deviation was lower
than the men’s (0.48 and 0.51, respectively).
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Regarding the total students’ perception by sub-competencies, the best mean
value was in the development of systemic thinking (4.47), followed by creative
thinking (4.33), critical thinking (4.33), and, finally, scientific thinking (4.14). It should
also be noted that systemic thinking had the lowest standard deviation (0.38), while
the highest deviations were in critical thinking (0.58) and scientific thinking (0.56).
Regarding the analysis by gender, the lowest mean value occurred in the perception
of scientific thinking (4.21 in men and 4.02 in women).

Table 3. Complex thinking: means and standard deviations
of the competency and sub-competencies by gender

Men Women Total
Concept

Mean SD Mean SD Mean SD
Complex thinking 4.36 0.51 4.24 0.48 4.32 0.50
Scientific thinking sub-competency 421 0.56 4.02 0.54 414 0.56
Critical thinking sub-competency 435 0.50 431 0.43 433 0.58
Creative thinking sub-competency 438 0.52 425 0.48 433 0.51
Systemic thinking sub-competency 451 0.39 440 0.36 447 0.38

To complement the previous table, Figure 2 shows the bar chart of the mean
values and deviation(s) obtained for the complex thinking competency and its sub-
competencies, each color-coded according to the type of thinking. Figure 2 shows
that the perception of systems thinking was the highest among the students, while
scientific thinking had the lowest mean values. Similar behavior shows in the mean
values for critical and creative thinking perception.

. Complex thinking
D Scientific thinking
|:| Critical thinking

B creative thining
- Systemic thinking

Mean and SD

Complexthinking Scientific thinking Critical thinking Creative thinking  Systemic thinking

Fig. 2. Competency of complex thinking: means and standard deviations bar chart of competency and
sub-competencies
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Given that the bar graph analysis may hide students’ behavior for the perception
of developing the complex thinking competency, we present the boxplot analysis of
this competency by gender (Figure 3). The figure shows that the behavior of males
was more dispersed than females. That is, some male students perceived themselves
to be very low in complex thinking, and others perceived themselves as highly devel-
oped. The results show that in absolute values, about 72% of the students perceived
themselves as high in complex thinking (mean values of 4 to 5). At the same time, the
remaining 28% perceived themselves as average (mean values of 3 to 4). By gender,
69% of males presented mean values of 4 to 5 in the perception of complex thinking,
while 78% of females perceived themselves in that range.

Gender

5 B Female
B Male

Mean
£

'
Complex Thinking

Fig. 3. Boxplot analysis: complex thinking competency by gender

Figure 4 shows a one-dimensional Beeswarm scatter plot to understand better the
students’ perception of the sub-competencies of complex thinking. The analysis is
color-coded according to the gender of the students. The analysis shows a greater
number of males with high mean values in their perception of the development of
the sub-competencies (i.e., 5). On the other hand, the mean values of women range
between 4 and 4.5.

Gender

* Female

Mean

*  Male

Creative Thinking Critical Thinking Scientific Thinking Systemic Thinking

Fig. 4. Complex thinking: beeswarm analysis of sub-competencies by gender
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The mean values of the students’ perception of the development of the different
sub-competencies of complex thinking are illustrated through the boxplot analysis
(Figures 5-8). The analyses are intended to illustrate in detail students’ behavior by
gender in each sub-competency.

Figure 5 shows the behavior of the mean values of students’ perception of devel-
oping the sub-competency of systems thinking. Males attained a higher mean value
in systems thinking than females. Likewise, more male students are in the first quar-
tile (lower mean values). On the other hand, women had a more compact behavior,
ie., less dispersed perception of complex thinking.

5+ o w’m

Gender

@8 Female
B Male

Mean
e

'
Systemic Thinking

Fig. 5. Boxplot analysis of systemic thinking sub-competency by gender

The Boxplot analysis of the students’ perception of critical thinking is shown in
Figure 6. The figure shows significant similarities in the perception of women and
men in this sub-competency. Although the men’s mean in this sub-competency is
higher, the analysis does not show significant gender differences.

Gender

B9 Female
5 Male

Mean
e

'
Critical Thinking

Fig. 6. Boxplot analysis: critical thinking sub-competency by gender
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Regarding creative thinking, Figure 7 shows men with a higher mean value in
perception than women. However, the men’s dispersion is greater. Some men per-
ceived themselves as lacking in this competency, while others felt very capable.

5= 0 | l:‘\‘t

Gender

@8 Female
B Male

Mean

'
Creative Thinking

Fig. 7. Boxplot analysis: creative thinking sub-competency by gender

Regarding the analysis of perception in the development of scientific thinking,
Figure 8 illustrates an asymmetry in the perception between men and women. The
analysis shows men with a higher mean value in this competency than women.
Likewise, women had the lowest perception of scientific thinking in the first quartile
(lower mean values).

Gender

@5 Female
B Male

Mean

'
Scientific Thinking

Fig. 8. Boxplot analysis: scientific thinking sub-competency by gender

The principal component analysis (PCA) performed on the students’ perception of
the development of complex thinking competency is illustrated in Table 4. It shows
that principal component one (PC1) captured 68% of the data variability and principal
component two captured 12%. Together, PC1 and PC2 represented 81.20% of the data
variability. On the other hand, the analysis shows that PC1 had a high correlation with
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creative thinking. Thus, this component would explain the students’ perception of
creative and original problem-solving. On the other hand, PC2 highly correlated with
critical thinking. This would explain the students’ ability to evaluate and question the
information provided and their ability to reason about its origin and reliability.

Table 4. Complex thinking: principle components matrix

Concept PC1 PC2 PC3 PC4
Systemic thinking sub-competency -0.50 -0.31 0.82 -0.23
Scientific thinking sub-competency -0.49 —0.66 —-0.26 0.49
Critical thinking sub-competency -0.48 0.73 -0.04 047
Creative thinking sub-competency —-0.51 0.07 -049 -0.69
Standard deviation 1.65 0.71 0.64 0.58
Proportion of variance 0.68 0.12 0.10 0.09
Cumulative proportion 0.68 0.81 0.91 1.00

Based on this data, Figure 9 shows the Biplot analysis of form (a = 1) to visualize
the students’ data behavior without collinearities. A point represents each student.
The pupils have been color-coded according to gender. The axes correspond to the
principal components that capture the maximum variability (i.e., CP1 and CP2). Each
sub-competency is a ray. The further away students are from the origin in the direction
of a sub-competency, the higher they perceive themselves to be in that type of thinking.

On the contrary, if the students’ data go opposite the direction of the sub-com-
petency arrow, the students perceive themselves poorly developed in that type of
thinking. In this sense, more men are observed in the direction of creative and sys-
temic thinking. That is, men perceived themselves better in these sub-competencies
compared with women. Similarly, many students highly perceived scientific think-
ing, but more women perceived themselves as low in this competency.

=Y
'

PC2 (12.7% explained var.)
o

'
-
1

PC1 (68.5% explained var.)

Gender: —=— Female —*— Male

Fig. 9. Complex thinking: principal omponent Biplot explaining 81.20% of the data
variability. Biplot of the form (a = 1).
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Finally, Table 5 shows the analysis regarding the significance of the difference
in the mean values of perceived achievement of complex thinking competence
between the male and female groups. In general, it is possible to verify the existence
of statistically significant differences (a p-value of < 0.10) between men and women
in terms of the complex thinking competency, although in terms of the sub-compe-
tencies, the difference in critical thinking and innovative thinking was not signifi-
cant. On the other hand, the results of systematic thinking and scientific thinking do
show statistically significant differences.

Table 5. Results of the significant differences between the male and female groups
in the perception of achievement of complex thinking competence (student’s t)

t df p value

Complex Thinking -1.77 110.88 0.079
(male and female groups)

Systemic Thinking -1.67 102.63 0.096
(male and female groups)

Critical Thinking -0.469 108.76 0.639
(male and female groups)

Creative Thinking -1.456 103.59 0.148
(male and female groups)

Scientific Thinking -1.904 98.122 0.05
(male and female groups)

4  DISCUSSION OF RESULTS

As part of the results, the first thing analyzed was the overall data on the Complex
Thinking competency, considering the gender variable. Table 3 shows that the over-
all result was considerably high; the means of the competency and sub-competen-
cies exceeded 4 in all cases, i.e., the group’s perceived performance level was high.
It should be considered that the sample was taken from a population of students
in their last semester. Thus, their formative process was close to completion, and
their competencies should be close to maximum achievement. As for general results,
both Table 3 and Figure 2 show that the sub-competency with the best-perceived
achievement was systems thinking (4.47), followed by creative thinking (4.33) and
critical thinking (4.33), and finally scientific thinking (4.14). Something interesting
is that, as pointed out in the theoretical framework, scientific thinking is usually
the sub-competency most associated with this discipline, primarily due to using the
scientific method. However, this group had the lowest perception of achievement in
this sub-competency.

Regarding gender, men presented the highest means in the competency (4.36)
and all sub-competencies. Like the overall result, scientific thinking yielded the low-
est means, with the women having the lowest result of the entire sample (4.02). The
highest result was systems thinking among men (4.51), which is even higher than
the overall average for the meta-competency (complex thinking).

To delve deeper into the data analysis, Figure 4 illustrate how the students
responded, considering their gender. Figure 3 corroborates that men presented a
higher mean and median than women and had the most dispersion. While there
are more positive and negative results in the boxplot for men, women’s data was
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more concentrated within the box. Figure 3 presents the value by gender relative to
the overall mean of the responses to show the proportion of men and women. This
graph shows no means lower than 3.00, corroborating the previous statement that
the overall perception of achievement was high. On the other hand, it is interesting
to note that although women presented a lower overall average than men (women
4.24 vs. men 4.36), their concentration of positive responses (above 4.00) was higher
than that of their male peers (women 88% and men 69%). This situation corrobo-
rates Figure 3, where a higher concentration of very high responses (5.00) can be
seen for men compared with women, influencing the fact that, despite some low
responses, these did not impact the mean significantly.

In this same sense, considering the perception of achievement in the sub-compe-
tencies of complex thinking, we created the Figure 4 Beeswarm analysis to appreciate
how the responses were distributed. We verified that the results by sub-competency
aligned with the overall results, where most of the women’s responses were in the
center of the graph, in contrast to the men, who had more extreme responses, with
a greater concentration in the upper part. To explore this behavior in greater depth,
we conducted a specific analysis for each sub-competency.

Figure 5 presents the results of the systems thinking sub-competency, which
yielded the best mean of the study (4.47). As seen in this boxplot, men not only had
the highest median and mean compared with women but also, as noted in Figure 4,
more high responses. Interestingly, although women had a lower mean than men
(W 4.40 vs. M 4.51), they had considerable standard deviation towards positive
results, although these did not attain the top of the scale. The men’s mean on this
indicator was not only the highest result of the sub-competencies but also exceeded
the overall mean of the entire group. As noted in the theoretical framework, this
result shows that the group, especially the men, perceived themselves with a high
level of ability to analyze problems integratively, recognizing the multiple elements
that make up a challenge [19].

Figure 6 presents the results of the critical thinking sub-competency, which, on
par with innovative or creative thinking, had a mean of 4.33. Although the overall
means were equal, Figures 6 and 7 allow us to appreciate that the behavior of the
responses was considerably different. Figure 6 shows that the results between men
and women in terms of critical thinking were quite similar (W 4.31 vs. M 4.35),
which is not only evident in the means and medians, which are almost on par, but
also in the general behavior of the responses, which do not show a notably different
concentration in either of the two groups. Thus, it is possible to point out that both
men and women in this group managed to finish their training process with a high
capacity to assess the validity of reasoning, being able to analyze and evaluate the
information presented to them in the face of a challenge, discerning the truth and
falsity of reality, and reaching a better level of understanding of the environment
when making decisions [20].

In contrast, Figure 7, innovative and creative thinking, shows significant differ-
ences between men and women in their means (W 4.25 vs. M 4.38), medians, and
distribution of their responses. While itis clear that a high concentration of responses
was at the top of the scale (5.00) in the men’s group, the women again showed a
positive concentration but tended towards their mean. Something interesting about
this figure is that it clearly shows the extreme responses in the men’s group since, as
noted, although there was a strong concentration of responses at the top of the scale
(5.00), there were also some considerably low responses. In this sense, the group
managed to develop an innovative vision of the problems and challenges presented
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to them during their formative process, being able to visualize reality from a novel
and creative approach [22].

Finally, Figure 8 presents the behavior of the scientific thinking sub-compe-
tency, which, as noted above, is the sub-competency with the lowest mean despite
being an element usually associated with engineering careers. As seen in the figure,
this sub-competency has the lowest means and medians compared with the other
indicators, but it is also the sub-competency with the most significant difference
between men and women (W 4.02 vs. M 4.21). Interestingly, the concentration of
previously observed responses between men and women becomes very noticeable
here; while men had many results at the top of the scale (5.00), it was almost null
for women. This boxplot shows a considerable positive dispersion of responses in
men, which is even noticeable in the standard deviation that tends to be above the
mean. Overall, it is possible to note that the group perceived themselves as compe-
tent in using the scientific method and validating and standardizing processes when
inquiring about and investigating information. However, compared with the other
sub-competencies, they distinguish between feeling competent and claiming to be
experts in the subject.

In the same sense, a principal-components matrix (Table 4) and a Biplot graph
(Figure 9) showed in the reliability ellipses a tendency for systems thinking and
creative thinking to pull the results towards these sub-competencies, which was
more noticeable in men. Again, it can be seen that the men yielded less concentrated
results than their female peers, showing more extreme responses at the limits of the
graph compared with the women focused on the same.

Finally, in order to verify this information, a significance differences analysis
(Student’s t) was carried out (Table 5). In general, it was found that the differences
between men and women in the complex thinking competency were statistically
significant (0.079), showing that men are indeed the ones with the best results. This
is also statistically proven in the case of the sub-competences of systematic thinking
(0.096) and scientific thinking (0.05), although this is not the case for critical thinking
(0.639) and innovative thinking (0.148).

It should be noted that the fact that there is no proof of statistically significant
differences does not affect the fact that these differences exist, opening the need for
more extensive studies focused on these sub-competencies in a concrete manner.

Thus, the analysis shows the response tendencies of men and women at the over-
all level and by sub-competencies, with men at the extremes of the scale having
more presence at the top and the female responses concentrated around the middle.

Considering that the instrument measured the perception of achievement, it
would be valuable to analyze why women had limited self-concepts about their
capabilities, knowing themselves to be competent but not experts on the skills to
meet a challenge, solve a problem, or lead a project.

In general, we conclude that this study fulfilled its objective, allowing us to iden-
tify the students’ final perception of their achievement of complex thinking and
valuable trends in how their perceptions were configured in the complex thinking
competency and its sub-competencies.

5  CONCLUSIONS

The objective of this article was to present the results of an analysis of the level of
perceived achievement of the complex thinking competency in a group of engineer-
ing students in their last semester at a university in Western Mexico. The intention
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was to identify whether this population had the necessary skills to meet challenges
and solve problems related to the demands of their future professional environments.
Specifically, we not only sought to know the level of perception of achievement but
also to understand its behavior and the possible differences between the male and
female populations. In conclusion, based on the results, we found sufficient data to
confirm that the participants showed a high level of perception of achieving the com-
petency of complex thinking, which was more noticeable in the male population.

It is recognized that the present study could be limited by its purely descriptive
methodology; however, considering the objective set, we consider that the results
are sufficient and valuable and fulfill the intention of this work. Furthermore, we
recognize that this is an exploratory study, which implies that it is not exhaustive but
instead sheds light on a possible area of study to deepen the relationship between
engineering education and developing complex thinking. In a practical sense,
this article invites to deepen this relationship with a gender perspective because
although our results show statistically significant differences between men and
women occuring in only 2 of the 4 subcompetencies, this implies the need to expand
the sample to verify these results.

This article raises an attractive area of opportunity for educational institutions
with engineering careers. They are invited to pay attention to how they promote
complex thinking as part of their graduation competencies. In addition, this article
highlights the need to address the gender gap that historically exists in these disci-
plines, which, although it has been reduced, is still present.
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