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ARTICLE INFO ABSTRACT

Keywords: There is a clear inequality in gender distribution for the STEM areas (Science, Technology, En-
Diversity gap gineering, and Mathematics). Furthermore, there is a noticeable lack of diversity and a socio-
STEM

economic gap that requires actionable solutions. To explore potential factors that affect the
participation of women in STEM, this paper reviews two possible groups of determinants: national
culture and complexity thinking. A survey with 684 respondents from higher education in-
stitutions in Chile, Ecuador, Mexico, and Spain was undertaken. The instrument measured four
components of complexity thinking namely critical, scientific, innovative, and systemic). Using
analysis of variance between two groups and between multiple groups, differences were observed
between the countries’ samples and between genders. Once the significance was confirmed,
boxplots for each dimension were elaborated to facilitate the visualization of the distributions.
The scores were compared with the national culture values to seek possible behavioral patterns in
the data. The results reveal two groups between the observed countries. Also, there are clear
indications of a relationship between the national culture dimensions and the complex thinking
components.
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1. Introduction

The need for enhanced STEM (Science, Technology, Engineering, and Mathematics) education becomes apparent due to several
factors: the profound shifts in technology, culture, and economics; rising disparities in socio-educational opportunities; a noticeable
lack of diversity; and a persistent gender gap in academic and professional spheres. A robust foundation in STEM disciplines is crucial
for addressing real-world challenges, promoting inquiry, fostering collaboration, nurturing creativity, encouraging thoughtful anal-
ysis, and cultivating complex, multidimensional, multiscale, and multitemporal thinking. These competencies are integral to
advancing any society and aligning with contemporary demands and requirements [1-3].

With this goal in sight, a range of factors operating at individual, familial, institutional, and societal levels have the potential to
impact the participation, progression, and success of girls and women in STEM education [4]. As a result, family dynamics, social
networks, and educational institutions all have significant roles to play in fostering diversity and guaranteeing equitable access for
females in STEM fields [5,6]. These initiatives are aimed at narrowing the diversity gap, which is frequently influenced by
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socio-cultural factors [7].

In this context, we highlight two crucial factors for enhancing the success of women in STEM fields: national culture and complex
cognitive thinking. According to Hofstede [8], people’s mental processes are influenced by three levels: universal, collective, and
individual. Most individuals share the universal level, the collective level applies to specific groups, and the individual level shapes
each person’s unique personality. Thus, culture can be described as "the collective programming of the mind" [8, p. 13]. Hofstede [9]
suggests that from early childhood, individuals acquire patterns of thought, emotions, and behavior, forming mental programming
that evolves within their home, community, school, workplace, and surroundings. Studies like those conducted by Kelley and Sung
[10] and Li et al. [11] demonstrate the way in which students can grow their complex thinking abilities and enhance their mathe-
matical and scientific reasoning skills through STEM education.

It is from this point of view that our study attempts to examine gender-related variations in complex thinking within the STEM
context in Ibero-America. We intend to propose measures that bridge gaps and promote diversity in STEM.

An earlier version of this study [12] was presented at the Technological Ecosystems for Enhancing Multiculturality Conference
(TEEM 2022) and has since been revised, expanded, and submitted to the Heliyon Journal following an invitation from the guest
editors of the Special Issue titled "Technological ecosystems for enhancing education processes" within the Heliyon Education section.

2. Theoretical background

In the realm of higher education, there’s an increasing demand to integrate advanced thinking skills that effectively address the
contemporary challenges of society. Complex thinking can be defined as a form of holistic thinking, necessitating a mastery of
cognitive abilities that enhance scientific, critical, and innovative thought processes [13]. Some scholars highlight how elements such
as stereotypes, mindsets, gender dynamics, and cultural influences underscore the importance of STEM education in contributing to
academic and social development, subsequently impacting career choices [14-17]. Thus, the significance of introducing STEM edu-
cation at an early stage and promoting complex thinking from childhood becomes apparent in fostering diverse cognitive and disci-
plinary pathways toward university careers.

2.1. Reasoning complexity

Given the anticipated Society’s dynamics and uncertainties, the capacity for complex reasoning assumes a pivotal role within the
framework of education 4.0. Students who acquire complex reasoning skills obtain a significant opportunity for the analysis, synthesis,
and resolution of problems, thus effecting contextual transformations [13].

Building upon prior research, this study considers four dimensions of complex thinking, as elucidated below.

The first dimension pertains to systems thinking, which guides problem-solving by interpreting data from various scientific do-
mains. It involves determining the significance of elements within a system through an analysis of the entire structure [18], along with
the capacity to consider the systemic consequences of policies and actions [19]. Systems thinking aims to delineate the constituent
parts of a whole, and its complexity emerges from the pursuit of the most comprehensive comprehension of a given situation.

Numerous countries have conducted studies exploring systems thinking within the context of complex thinking. For instance, in
Saudi Arabia, a study involving 120 secondary school students aged 16 to 18 investigated the connection between systems thinking
skills, epistemological beliefs, and mathematical beliefs. The findings revealed a positive correlation and notable gender-based dif-
ferences. Specifically, males outperformed females in subscales related to systems thinking skills in holistic system perception and
systemic synthesis, while females excelled in the subscale of systemic analysis [20]. In Colombia, research addressed the complex issue
of high dropout rates in education, recognizing it as a multifaceted phenomenon inadequately aligned with students’ realities and
educational policies. A conceptual model grounded in systems thinking was employed, highlighting variables such as work and family
commitments, students’ financial circumstances, and the role of educators as recurrent factors among participants [21].

A systems-based approach serves as a valuable framework for scrutinizing the behavior of an entity by examining interrelation-
ships. In contrast to the analytical approach, the systemic approach encompasses the entirety of elements within the system under
investigation, including their interactions and interdependencies.

The next dimension revolves around scientific thinking, which advocates for the resolution of real-world problems and inquiries
using objective, dependable, and credible methods, along with data analysis to determine accuracy. It encompasses a range of
cognitive processes and reasoning strategies, including inductive and deductive reasoning, problem-solving, and the development and
testing of hypotheses [22]. The scientific thinking method is a powerful weapon for observing, analyzing, and solving problems [23],
where scientific understanding locates the need for external validity measurements [24]. Scientific thinking requires orderly, detailed,
and analytical processes in any of its parts.

Studies of scientific thinking have been the subject of interest from various disciplines. In the field of teaching scientific thinking
skills, classroom-based action research was conducted with teachers to measure the impact of retrieval practices on the teaching and
learning of concepts, locating best practices for teaching basic skills [25]. In the field of medicine, a systematic and scientific meth-
odology for the study of complex things is located in China, as the mode of thinking in modern medicine is gradually changing from
analytical and reductive thinking to holistic and systematic thinking [26]. Scientific thinking promotes the generation of new
knowledge, which provides opportunities for improving the quality of life and the possibility of responding to the challenges and needs
of society.

The third facet pertains to critical thinking, which empowers individuals to assess the validity of their own and others’ reasoning,
allowing them to form judgments about a given situation or problem and recognize flawed arguments. Critical thinking entails a
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mentally disciplined approach that involves actively and adeptly conceptualizing, employing, scrutinizing, amalgamating, and/or
appraising information derived from observation, personal experience, reflection, reasoning, or communication to serve as a compass
for belief and action [27,28]. Critical thinking hinges on the capacity to scrutinize the coherence of reasoning and appraise logical
consistency in both tangible and conceptual phenomena.

Research on critical thinking has been located in complex systems and high cognitive abilities. For example, the mediating role of
metacognitive awareness in the relationship between self-regulation and critical thinking was realized, locating a significant inter-
relationship between them, where metacognitive awareness was located as a partial mediating variable between self-regulation and
critical thinking [29]. A different research investigation examined how a research community perceives critical thinking, which is
manifested as cognitive presence in the context of practical inquiry. This concept was put into practice using established coding
methods. The findings of the study revealed that critical thinking is primarily viewed as a means to validate existing knowledge
structures and as a problem-solving approach within the practical inquiry model [30]. Critical thinking promotes high capacities to
seek new knowledge and to self-manage, in turn, one’s own learning.

The fourth dimension is located in innovative thinking. The cultivation of innovative thinking relies on several key skills, including
the capacity to understand the context (interpret), the capacity to generate new ideas (create), the ability to work collaboratively with
others (collaborate), the ability to contemplate and represent what could be in the current situation (reflect), and the ability to assess
and appraise (evaluate) [31]. Innovative thinking supports problem-solving and the creation of solutions to complex problems and
phenomena [32]. Innovative thinking promotes generating ideas and solutions, especially in complex situations where new methods
must be integrated to address problems or procedures.

Innovative thinking is a driving force in social, technological, and economic development. A study was conducted to identify
whether innovative thinking in managers influences the competitiveness of small and medium enterprises (SMEs) in the industrial
sector in Colombia, and a model for developing innovative thinking in leaders was promoted [33]. Conversely, in China, an exami-
nation was carried out to assess the effectiveness of educational technology training in contemporary universities using big data. They
introduced a fuzzy evaluation method that relies on various factors to assess the comprehensive university education system, which
operates at multiple levels. This endeavor was prompted by the acknowledgment that global economic shifts and the influence of
technological advancements have heightened the importance of fostering industry-education collaboration for the purposes of
innovation and entrepreneurship [34]. Innovative thinking promotes development through new services, solutions, products, or
processes and, in the realm of complexity, requires locating new ways to address changing problems and situations.

2.2. National culture

Undoubtedly, one of the most universally recognized works on culture, especially concerning National Culture, is that of Geert
Hofstede [8], which involved obtaining data in 50 countries with a rigorous research design and which sought to find out if there were
differences in the culture of the workers of the countries studied, that influence their work behavior in a significant way. Their results
have been so relevant that many researchers have taken up their concepts and measures.

From birth, people learn symbols, heroes, rituals, and values, which vary contextually for any individual or group of individuals.
This learning is continuous and constitutes culture, shaping values that affect people’s behavior [35].

Hofstede’s theory posits that individuals’ mental programming occurs on three distinct levels: universal, collective, and individual.
Most people share the universal level; the collective is characteristic of specific groups, and the individual level shapes each person’s
unique personality. Consequently, culture can be defined as "the collective programming of the mind" [8, p. 13]. Hofstede’s perspective
suggests that individuals acquire patterns of thought, emotions, and behaviors from an early age, forming a mental program that
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Fig. 1. Scores of the national culture dimensions by country (Hofstede Insights, 2023: https://www.hofstede-insights.com/).
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evolves within various settings such as their home, neighborhood, school, workplace, and community.

Hofstede [35] introduced four cultural dimensions at the national level. The first one is Uncertainty Avoidance (UA). It measures
the comfort level in situations with incomplete information, with indicators like job stability, rule orientation, and stress. Cultures with
low UA tend to have less workplace stress, fewer formal rules, and a more conducive environment for generating and appreciating
innovation in both products and processes. Next, Power Distance (PD) reflects a cultural group’s approach to power and authority.
High PD cultures exhibit a tendency for employees to defer to their superiors without questioning their decisions, and authority figures,
including teachers, are highly respected. A third dimension, Masculinity-Femininity (MF), relates to the degree to which a society
values traditionally masculine traits such as competitiveness and assertiveness versus feminine qualities like empathy and nurturing.
High-masculinity cultures prioritize career success and competitive achievements, while feminine cultures emphasize collaboration
and nurturing, with attention to less fortunate individuals. Finally, Individualism-Collectivism (IC) characterizes the extent of in-
dividuality within a culture. High IC cultures are more individualistic, with individuals prioritizing their own interests over group
interests. Conversely, low IC cultures tend to foster cohesiveness, with individuals valuing the interests of the group over their own.

In later studies, Hofstede introduced a fifth dimension called Confucian Dynamism, which is particularly relevant to Southeast
Asian cultures and pertains to their long-term orientation and values. More recently, a dimension called Indulgence was added,
referring to the extent to which a society allows free gratification of basic human needs.

While regions may exhibit some consistency in these dimensions among member countries, there can be exceptions. This study
focuses on the analysis of three Latin American countries and one European nation. Fig. 1 presents the values of these countries’
national-culture dimensions.

The graph in Fig. 1 clearly indicates that the dimension with the most substantial variation among the countries is individualism,
followed closely by masculinity. Furthermore, the disparities between Ecuador and Spain are notably pronounced. It’s worth noting
that the long-term orientation dimension will not be factored into this study due to the absence of measures for Ecuador.

In 1991, the GLOBE project was introduced, which stands for Global Leadership and Organizational Behavior Effectiveness [36].
This project significantly enriched Hofstede’s research for several compelling reasons. Firstly, it represented a more recent study
capable of capturing contemporary shifts in cultural trends. Secondly, it was more comprehensive and intricate in scope. Lastly, it
introduced distinct metrics that expanded upon the achievements of earlier studies. The GLOBE project encompassed 62 different
world cultures, involved 170 researchers, and engaged 17,300 middle managers within 951 organizations. This extensive effort
allowed for the testing of 27 hypotheses. The outcomes facilitated the categorization of cultures into 10 groups and the identification of
9 distinct cultural dimensions. It is possible to see that many of them emanate as ramifications of those raised by Hofstede and that it is
possible to justify their separation. Additionally, the GLOBE project captured not only the current state of culture but also the state
desired by its members, giving an extremely interesting twist to Hofstede’s work.

3. Methodology
Ethical approval

Privacy issues related to the collection, curation, and publication of student data were validated with Tecnologico de Monterrey’s
Data Owners and the Data Security and Information Management Departments. Data collection followed an informed consent protocol
to address ethical factors in the research presentation of the objectives, questions, process, and data collection through online surveys.
Provided that this study was not experimental, the physical and emotional well-being of the participants was never at risk.

An online survey instrument was administered to a total of 684 university students hailing from four distinct countries: Chile,
Ecuador, Mexico, and Spain. It is pertinent to note that the participating universities in Latin America were private, while those in
Spain were public institutions. The students encompassed a variety of academic disciplines, including both STEM and non-STEM fields.
The instrument employed, known as the eComplexity instrument, had been methodically validated through theoretical, statistical, and
expert assessment [37,38]. The primary objective of this instrument was to gauge students’ perceptions of their complex thinking
competencies, specifically in terms of critical, scientific, innovative, and systemic thinking, using a set of 25 items. The instrument
aimed to assess the various dimensions that constitute complex thinking. To analyze differences among the countries and explore
potential connections with cultural dimensions, a multiple analysis of variance was conducted.

The survey responses were drawn from a convenience sample comprising participants from Chile (61 individuals, including 46
males and 15 females), Ecuador (141 individuals, including 90 males and 51 females), Mexico (350 individuals, including 176 males,
171 females, and 3 without specified gender), and Spain (132 individuals, including 101 males, 30 females, and 1 without specified
gender). The data was processed using IBM-SPSS version 27.

To assess the suitability of using parametric or nonparametric tests for each dimension, a homogeneity of variance test was applied.
Depending on the outcomes for each dimension, either a least-squares determination (LSD) or a Tamhane post-hoc analysis was
employed to evaluate mean differences. Furthermore, straightforward boxplots were generated to visually inspect the data distribution
for each dimension.4. Results.

This section is organized in three subsections: First, the analysis of variance of the overall results presents differences by country of
the four components of complex thinking. Then another subsection illustrated the distributions with boxplots. Finally, another sub-
section is dedicated to gender differences.
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3.1. Analysis of variance (ANOVA) of the complex thinking components by country

The aggregated homogeneity test results reveal that significance is observed only in the case of the scientific thinking component,
indicating that the homogeneity condition is not met, necessitating the use of the Tamhane test. For all other dimensions, the least-
squares determination test was deemed appropriate. Interestingly, the results yielded by both methods were identical for the scien-
tific thinking component.

Table 1 summarizes the outcomes of the tests for homogeneity of variances.

In conducting multiple comparisons, a clear distinction emerges, grouping the first three dimensions into two categories: Spain and
Chile exhibit no significant differences from each other, while a similar pattern is observed between Mexico and Ecuador. However, the
variation between these two groups is notably more pronounced. Notably, the behavior concerning the fourth dimension, systemic
thinking, differs substantially. Both Chile and Spain exhibit significant differences from every other country, including each other.

The overall ANOVA test demonstrates a significant difference between groups across all dimensions, as depicted in Table 2.

3.2. Boxplots of the components of complex thinking by country

Figs. 2-5 present graphical representations of the means using simple boxplots categorized by dimension. A visual inspection of
these boxplots reveals that both Chile and Spain exhibit lower means compared to Ecuador and Mexico. Interestingly, Spain consis-
tently has the lowest mean across all dimensions except for innovative thinking.

Additionally, it is apparent that Chile and Ecuador display a broader distribution, indicating greater variance, specifically in the
scientific and innovative thinking dimensions. Notably, Chile exhibits a lower outlier frequency in all cases.

In the case of Spain, it’s observable that approximately 50 % of the sample values are distributed very closely around the mean,
suggesting a relatively tight clustering of data points.

It can be observed in Fig. 2 that Ecuador and Mexico have higher values than Chile and Spain. Even though Ecuador and Mexico
have similar starting points, Mexico has many outliers at the bottom. All distributions seem somewhat skewed, but the case of Spain is
in the opposite direction of the others. Ecuador and Chile seem to have wider distributions than Mexico and Spain (not considering the
outliers).

It is observed in Fig. 3 that the behavior of the boxplots is quite similar to that of the scientific thinking dimension. The differences
are mainly two: On the one hand, Ecuador shows a narrower distribution for the bulk of the data and a great number of outliers at the
bottom. On the other hand, Mexico has a greater maximum value than Ecuador this time. The behavior for Spain is almost identical for
both dimensions.

Once again, the distributions look very similar to the ones corresponding to scientific and critical thinking. This time, however, they
all show outliers, particularly Spain, while the main shaded area seems to shrink a bit more.

For the last plot, the same pattern remains, clearly distinguishing how Ecuador and Mexico have higher mean values than Chile and
Spain. The distribution for Spain has compacted even further compared to the previous charts.

3.3. Gender differences

When comparing the means between male and female students, a notable difference was observed, with female students consis-
tently exhibiting significantly lower values than their male counterparts. However, a deeper exploration was done, breaking down
these gender differences by country and dimension. The results are shown in Table 3. Non-significant results have been highlighted in
bold font.

From Table 3 it can be observed that the group behavior is still happening to a certain extent. Ecuador and Mexico have significant

Table 1
Results of homogeneity of variances tests.
Levene statistic df1 df2 Sig.
Scientific Based on mean 4.273 3 680 0.005
Based on median 3.595 3 680 0.013
Based on median and with adjusted df 3.595 3 656.384 0.013
Based on trimmed mean 4.097 3 680 0.007
Critical Based on median 0.479 3 680 0.697
Based on median and with adjusted df 0.467 3 658.560 0.705
Based on trimmed mean 0.467 3 680 0.705
Based on trimmed mean 0.496 3 680 0.685
Innovative Based on mean 1.650 3 680 0.177
Based on median 1.571 3 680 0.195
Based on median and with adjusted df 1.571 3 657.023 0.195
Based on trimmed mean 1.358 3 680 0.255
Systemic Based on mean 1.338 3 680 0.261
Based on median 1.238 3 680 0.295
Based on median and with adjusted df 1.238 3 670.821 0.295
Based on trimmed mean 1.403 3 680 0.241
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Table 2
Overall analysis of variance for each dimension.
Sum of squares df Mean square F Sig.
Scientific Between groups 33.272 3 11.091 25.136 0.000
Within groups 300.039 680 0.441
Total 333.311 683
Critical Between groups 21.223 3 7.074 23.795 0.000
Within groups 202.169 680 0.297
Total 223.393 683
Innovative Between groups 18.320 3 6.107 15.644 0.000
Within groups 265.44 680 0.39
Total 283.761 683
Systemic Between groups 23.475 3 7.825 31.084 0.000
Within groups 171.177 680 0.252
Total 194.652 683

Scientific thinking by Country
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Fig. 3. Boxplot of critical thinking by country.
gender differences in scientific and innovative thinking but not in systemic and critical thinking. Interestingly, the differences in means

are negative in the case of Mexico, indicating that women have higher scores in all dimensions than men. This is the only country where
that happens. Spain and Chile coincide in significant differences in systemic thinking and not significant in scientific, clearly
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Systemic thinking by Country
894
896
50 T —r 895 0893
839 840
o
i
* .
o
£
4
£
E)
L
£ 30 Py 3
g o 381 384 134601345 1022110022::
134701348 10450 1021
010461047
20 275 276 1387 1385
_* 1043 1042
273 1386 1388 *
1041 1044
1.0 N
Chile Ecuador Mexico Spain
Country

Fig. 5. Boxplot of systemic thinking by country.

contradicting the other group’s results. Nonetheless, there are no more coincidences between those two countries. In the Spanish
sample, critical and innovative thinking have no significant differences based on gender, contrary to what happens in Chile, where
those differences seem to be strongly supported.

The overall scores for all the components of complex thinking by country and gender are presented in Fig. 6.

4. Discussion

The cultivation of reasoning abilities for handling complexity, encompassing various types of thinking such as critical, innovative,
scientific, and systemic, unveils notable disparities in diverse cultural settings. Fig. 1 illustrates differences in scores among two sets of
countries: Chile and Spain, on the one hand, exhibit lower averages in general, and Ecuador and Mexico, on the other, whose scores are
higher. It’s noteworthy that Spain consistently records the lowest scores across all dimensions except for innovative thinking. Scholars
such as [13] emphasize complex thinking as a form of integrative thinking involving advanced cognitive skills. Likewise [15-17]
underscore the significance of cultural influences in education, contributing to both academic and social development. In the context of
the cultural dimension of power distance, there appears to be a conspicuous and direct correlation with all facets of complex thinking.

From a cultural dimension perspective, it becomes imperative to design educational programs centered around complex reasoning.
Differences in uncertainty avoidance display an inverse relationship, and participants from various countries tend to score lower on
power distance and individualism. However, their connection with complex thinking dimensions is less prominent and exhibits less
negative correlation [8,9]. emphasize that individuals’ minds are shaped by three distinct levels: universal, collective, and individual,
wherein culture is defined as the acquisition of patterns of thinking, emotions, and behavior that develop within diverse contexts such
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Table 3
Gender differences by country and dimension.
Country Sex Sistemic Scientific Critical Innovative
Chile Female Mean 3.782609 3.23188406 3.673913 3.336957
N 46 46 46 46
Std. Deviation 0.4491 0.78132387 0.587599 0.630735
Male Mean 4.241667 3.53333333 4.12381 3.916667
N 15 15 15 15
Std. Deviation 0.468819 0.83855507 0.536881 0.698638
Difference 0.459058 0.30144928 0.449896 0.57971
p-value 0.001 0.204 0.01 0.004
test LSD LSD LSD LSD
Ecuador Female Mean 4.0806 3.7389 3.9952 3.853
N 90 90 90 90
Std. Deviation 0.58219 0.77171 0.64617 0.7734
Male Mean 4.2623 4.085 4.1793 4.162
N 51 51 51 51
Std. Deviation 0.42371 0.57963 0.457 0.5334
Difference 0.1817 0.3461 0.1841 0.309
p-value 0.102 0.009 0.074 0.018
test Tahmane Tahmane LSD Tahmane
Mexico Female Mean 4.113636 3.88068182 4.084416 4.011364
N 176 176 176 176
Std. Deviation 0.541538 0.62510894 0.569645 0.582984
Male Mean 4.080409 3.69493177 4.001671 3.888889
N 171 171 171 171
Std. Deviation 0.454677 0.62466748 0.461739 0.561059
Difference —0.03323 —0.18575 —0.08274 —0.12247
p-value 0.052 0.006 0.145 0.012
test LSD LSD Tamhane LSD
Spain Female Mean 3.607673 3.28547855 3.585573 3.636139
N 101 101 101 101
Std. Deviation 0.468718 0.58182502 0.524698 0.64858
Male Mean 3.8 3.52777778 3.752381 3.8
N 30 30 30 30
Std. Deviation 0.431267 0.66822137 0.512934 0.518619
Difference 0.192327 0.24229923 0.166808 0.163861
p-value 0.048 0.055 0.13 0.208
test LSD LSD LSD LSD

Dimension Values by Country and Gender
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Fig. 6. Values of complex thinking components by country and gender.

as home, community, school, work, and society. Integrating various cultural dimensions into complex reasoning training necessitates a
deliberate effort within the curricula of educational programs.

Regarding power distance, a clear and direct association with all complex thinking components emerges. Ecuador and Mexico
consistently achieve higher scores compared to Chile and Spain, which may seem counterintuitive, especially considering the higher
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education levels in the latter set and the consistency that exists across universities. Nonetheless, these countries exhibit lower scores in
the power distance dimension. One plausible interpretation is that acknowledging hierarchies and structures as intrinsic may offer a
framework for handling complexity. In terms of masculinity, a parallel pattern is evident, with Chile scoring the lowest. This implies
that the competitive nature of this dimension may encourage more comprehensive evaluation and discourage simplistic solutions.
However, individualism appears to demonstrate a less evident and less negative connection with complex thinking dimensions. High
levels of individualism might potentially impede complex thinking, particularly in its systemic dimension, which demands a holistic
outlook. Uncertainty avoidance also showcases a negative relationship, albeit less pronounced, possibly because complex thinking
precisely serves as a means to navigate uncertainty.

As for gender comparisons, the country with the most dimensions being significantly different between sexes is Chile, and the one
with the least is Spain. These two countries showed a similar behavior in all cultural dimensions except individualism. Chile is the least
individualistic of all, and Spain has the highest score. In the Chilean case, three out of four components of complex thinking are
significant. The one exception is scientific thinking. In the case of Spain, three out of four components are not significant. The
exception, however, is barely so. It is significant at the p < 0.05 level, but not so considering p < 0.01. In fact, the value is 0.048. Thus,
it is easy to believe that the trend is not to have any differences at all. It is unclear how the individualism dimension can affect gender
differences. A possible explanation is that the lack of teamwork does not allow for a discrimination structure. Every individual is
evaluated based on their own merits without competing with the interests of the larger group. That way, men and women are per-
forming on an even floor.

Additionally, systemic thinking differences are significant in Chile, exhibiting a higher level of uncertainty avoidance and a lower
level of masculinity and power distance. This is counterintuitive compared to Ref. [20], wherein a highly masculine and hierarchical
country like Saudi Arabia, systemic thinking is higher in males than females, deserving further exploration.

It was surprising that both Ecuador and Mexico had significant differences in scientific and innovative thinking but in opposite
directions. The case of Mexico shows higher scores for females in all components of complex thinking. Even when these differences are
small, they are significant in the two categories previously mentioned. There must be contextual factors that impact this result that are
not controlled in this study, making that observation inconclusive and worth exploring in future research.

5. Conclusions and limitations

It appears that cultural distinctions have the potential, to some degree, to outweigh the beneficial impacts of specific institutional
endeavors aimed at achieving high-quality and standardized higher education for the entire population.

The fact that Chile and Spain have lower scores is counterintuitive, considering the quality of the educational systems. Yet, this
behavior seems to be correlated with the values of their national culture dimensions. One might anticipate that these initiatives would
contribute to narrowing the digital and educational divide. However, the unexpected findings observed in the cases of Spain and Chile,
as well as among female students, emphasize the necessity of implementing targeted measures to mitigate the adverse effects of certain
cultural idiosyncrasies.

There are clear patterns that show that gender differences occur based on cultural coincidences between countries. The similarities
between the previously defined groups are present to a great extent. While it’s not possible to draw definitive conclusions at this stage,
and the cultural aspect warrants additional investigation, it is crucial, even at this preliminary phase, to develop educational envi-
ronments that take into account the unique characteristics of various student groups. This study constitutes a solid first step in
identifying the relationship of Hofstede’s cultural dimensions with the development of complex thinking components as a driver of
success in the STEM disciplines. It is clear that some patterns were found. Nonetheless, further exploration is needed, as well as
triangulation of methods to corroborate these results quantitatively.

A notable constraint in this research is the uneven distribution of participants across countries, with varying numbers, although the
overall sample size remains substantial. Additionally, there is a possibility that results may vary greatly from private to public uni-
versities. Since this was a convenience sample, there may be confounding effects that require further control and exploration. Another
limitation is the selection of countries, given that the generalizability of the findings is restricted. The selected Latin American
countries can be considered to have medium to high leadership in the region. Other circumstances showing less development are not
included and would be worth reviewing.
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