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Abstract

This study examines complex thinking as a higher-order cognitive competence in interna-
tional graduate education. Drawing on Edgar Morin’s theoretical perspective, it analyzes
how master’s students perceive this competence through four interrelated dimensions:
systemic, scientific, critical, and innovative thinking. A total of 491 international stu-
dents from a graduate university in Japan participated in the study. Using a quantitative,
cross-sectional design, data were collected with the validated eComplexity instrument
and analyzed through PERMANOVA with 999 permutations. The analysis examined
differences in self-perceived complex thinking by sex, academic field, nationality, and
academic semester. Results showed moderately high levels of self-perceived complex
thinking across the sample, with systemic and critical thinking emerging as the strongest
dimensions. Significant differences were found by nationality and academic semester,
while no significant differences were observed by sex or academic field. These findings
suggest that students’ perceptions of complex thinking are associated with cultural and
academic trajectories, although the cross-sectional and self-report design requires cautious
interpretation. The study contributes to competence-based graduate education by showing
that complex thinking can be examined as a multidimensional and context-sensitive form
of perceived cognitive development. Educational implications are discussed in relation to
curriculum design, intercultural learning, global citizenship, and inclusion in international
master’s programs.

Keywords: complex thinking; educational innovation; graduate studies; global citizenship;
international students; competency assessment

1. Introduction
International graduate programs increasingly bring together students trained in dif-

ferent academic traditions, languages, and ways of reasoning. In these settings, learning
depends not only on disciplinary knowledge but also on students’ ability to interpret
unfamiliar perspectives, connect evidence, and address problems that cannot be reduced to
a single cultural or methodological frame. This raises an important educational question:
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How do international master’s students perceive the cognitive abilities needed to work
with complexity in multicultural academic settings?

Graduate education has become a strategic space for developing advanced cognitive
competencies beyond disciplinary specialization. Complex thinking is especially relevant
at this level because it enables students to relate different forms of knowledge and ap-
proach problems from integrative, critical, and reflective perspectives. Following Morin [1],
complex thinking involves recognizing the interdependence among phenomena and articu-
lating systemic, scientific, critical, and innovative dimensions in processes of understanding
and action. This perspective is particularly important in master’s education, where students
are expected not only to acquire specialized knowledge but also to question, connect, and
transform it [2].

Japan offers a meaningful context for examining this issue. Its international master’s
programs bring together students from diverse cultural and educational backgrounds
within an academic environment marked by systematization, methodological precision,
and technological innovation. Japanese graduate education has also been described as
a space where scientific rigor is combined with academic self-reflection and culturally
situated understandings of thought [3,4].

Although complex thinking has been widely discussed as a desirable competence in
higher education, its study in international graduate education remains limited. Master’s
programs are expected to promote advanced reasoning through research training, inter-
disciplinary work, and exposure to diverse academic communities [5–7]. However, much
of the available empirical discussion has focused on broader higher education contexts.
Less is known about how international master’s students perceive this competence within
multicultural graduate environments [8,9]. This gap matters because graduate programs
cannot intentionally support complex thinking without understanding whether students
experience its development in similar or differentiated ways across academic trajectories
and national groups.

Within this framework, the present study examines self-perceived complex thinking
among international master’s students at a Japanese university. Rather than assuming that
complex thinking develops uniformly, the study analyzes whether students’ perceptions dif-
fer according to academic progression and cultural background, considering that complex
thinking is shaped by learning experiences and cultural frames of interpretation [10].

A quantitative analysis was conducted with 491 international students from thirteen
nationalities. The eComplexity instrument was used to assess four dimensions of self-
perceived complex thinking: systemic, scientific, critical, and innovative thinking. Given
the characteristics of the data, nonparametric multivariate analyses using PERMANOVA
were conducted to identify group differences. This approach is appropriate for heteroge-
neous educational samples when assumptions of normality and homoscedasticity are not
met [11,12].

The study addresses two research questions: How do international master’s stu-
dents perceive themselves regarding the different dimensions of complex thinking? What
variations can be identified in students’ self-perceived complex thinking according to
sex, nationality, academic field, and academic semester within the context of a Japanese
graduate university?

The contribution of this research lies in examining complex thinking as a multidi-
mensional and self-perceived competence within an international master’s context. By
combining a validated instrument with a multivariate statistical approach, the study offers
empirical evidence on how students perceive systemic, scientific, critical, and innovative
thinking in a culturally diverse graduate environment. Its relevance also extends to cur-
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riculum design, since understanding these perceptions can help international programs
support complex thinking more intentionally.

Finally, while global citizenship and inclusion are not measured variables in this
study, they provide a broader educational horizon for interpreting the findings. Complex
thinking is closely related to the cognitive conditions that support intercultural dialog,
ethical judgment, and participation in diverse academic communities. For this reason, the
findings are discussed in terms of their implications for competence-based curriculum
design and more inclusive forms of international graduate education.

2. Theoretical Framework
This study is grounded in the idea that complex thinking in graduate education is

neither developed nor perceived in isolation. It emerges from the interaction between
advanced academic training, students’ prior cultural and educational trajectories, and the
institutional context in which learning takes place. In international master’s programs, this
interaction is especially relevant because students work across different epistemic tradi-
tions, forms of reasoning, and expectations about knowledge production. The theoretical
framework therefore brings together three complementary perspectives. Complex thinking
is understood as an integrative cognitive competence; master’s education is approached as
a formative space where this competence can be strengthened through research, reflection,
and interdisciplinary work; and the Japanese international graduate context is considered
as a cultural and institutional environment that may shape how students perceive their
own cognitive development. This view is consistent with approaches that define com-
plex thinking as a situated competence shaped by cognitive, educational, and cultural
conditions [1,7,9,10].

2.1. Complex Thinking as an Advanced Cognitive Skill in Postgraduate Education

In this study, complex thinking is understood as an integrative mode of reasoning that
allows students to connect different forms of knowledge, recognize interdependence among
phenomena, and approach problems without reducing them to a single disciplinary or
methodological logic. This perspective is grounded in Morin’s view of complexity as a way
of thinking that articulates multiplicity, uncertainty, and relationality in the construction
of knowledge [13]. In master’s education, this competence is especially relevant because
students are expected not only to acquire specialized knowledge but also to question,
connect, and transform it in response to complex academic and social problems [2].

At this level, complex thinking requires more than technical mastery. It involves con-
necting knowledge, action, and reflection while bringing together argumentation, creativity,
and metacognition in academic problem-solving. For this reason, it can be understood
as a transversal competence that supports a more holistic and situated understanding of
knowledge [7,14].

Complex thinking also has an ethical and epistemological dimension. It involves
recognizing the limits of one’s own knowledge and considering the social implications of
intellectual work. This is especially important in educational innovation environments,
where students are expected to reflect critically on the impact of knowledge and understand
the relationship between rationality, consciousness, and responsibility [6,15].

Recent studies have linked complex thinking with self-regulation and students’ self-
perception of their own cognitive competence. From this perspective, self-perception
can be understood as an indicator of perceived cognitive achievement, since it reflects
how students evaluate their ways of learning, reasoning, and responding to complex
problems [16,17].
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In graduate education, complex thinking can therefore be located at the intersection
of disciplinary knowledge, critical judgment, and meaning-making. Studying it at the
master’s level makes it possible to examine how students perceive their reflective autonomy,
interdisciplinary articulation, and capacity to situate knowledge within diverse cultural
and academic contexts [5,9,18].

In this study, self-perceived complex thinking is also approached as a process of
interpretation. Students do not simply report whether they possess certain cognitive
abilities; they evaluate those abilities through the academic, cultural, and linguistic frames
that shape their learning experience. This is especially relevant in international graduate
education, where reflection, argumentation, evidence, creativity, and problem-solving may
be understood in different ways. For this reason, self-perception is not treated merely
as a subjective score but as an indicator of how students make sense of their cognitive
development within a multicultural educational environment [19].

This understanding becomes particularly relevant in master’s education, where stu-
dents are expected to move from the use of disciplinary knowledge toward its critical
integration, contextualization, and transformation. The next section situates this compe-
tence within the formative logic of graduate education.

2.2. Master’s Education as a Space for Developing Complex Thinking

Master’s education offers a relevant setting for studying complex thinking because
students are expected to examine, connect, and apply disciplinary knowledge to problems
that are not fully predictable. At this level, learning moves beyond technical specialization
and requires greater autonomy, reflexivity, and intellectual synthesis. Graduate education
can therefore be understood as a formative space where students strengthen their ability to
interpret problems through multiple perspectives and produce situated knowledge [20,21].

This process is especially important in international contexts, where students engage
with different traditions of knowledge and ways of reasoning. In master’s programs,
students are often asked to question the assumptions of their discipline, integrate diverse
perspectives, and respond to complex academic or professional problems. In Japan, critical
thinking has been described as a relational process rather than a purely analytical one.
Broader comparisons between Western and Asian systems of thought also suggest that
students may understand complexity and abstraction in culturally situated ways [22–24].

Master’s education can also support cognitive autonomy and metacognition. Collab-
orative and digital environments, for example, may encourage self-reflection and critical
thinking by exposing students to argumentative exchanges across perspectives. At the
same time, East Asian educational models have often been associated with holistic forms of
cognition, where interdependence and harmony shape how students approach knowledge
and learning [25].

The collaborative and interdisciplinary character of graduate education is also relevant
to complex thinking. When students face problems that require the convergence of different
forms of knowledge, they are encouraged to connect systemic analysis with innovative
responses. In Japan, graduate programs have been described as combining applied research,
academic cooperation, and contextual decision-making, all of which are closely related to
the practice of complex thinking [26,27].

Even so, complex thinking in master’s education should not be understood as a
simple or automatic progression. It is better approached as a recursive process shaped by
experience, reflection, and dialog across knowledge contexts. Studies on Japanese graduate
education suggest that academic formation can involve cognitive reorganization, while the
development of critical and creative thinking may be mediated by cultural norms related
to modesty, consensus, and participation [28,29].
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From this perspective, analyzing students’ self-perceived complex thinking makes
it possible to examine how they interpret their own cognitive and epistemological de-
velopment. Their perception of their ability to think systemically, scientifically, critically,
and innovatively offers insight into how they understand their learning within graduate
education. However, it should not be equated with direct cognitive performance. This
distinction is especially relevant in international programs, where self-evaluation may also
be shaped by cultural and institutional expectations [3,30].

For this reason, the development and self-perception of complex thinking cannot be
explained only by academic level. They are also shaped by the cultural and institutional
environment in which graduate education takes place. This is especially important in Japan,
where international students encounter a learning context marked by methodological rigor,
relational forms of learning, and expectations of collective academic engagement.

2.3. The Japanese Context of Graduate Education: Cognitive Culture and Complexity

Japanese graduate education offers a relevant context for examining complex thinking
because it combines methodological rigor, sustained academic effort, and relational forms of
learning. In this setting, knowledge is often approached not only as an individual achieve-
ment but also as a process shaped by interaction, discipline, and collective engagement.
This orientation resonates with Morin’s understanding of complexity as the articulation of
multiple dimensions of knowledge and with perspectives on Asian holistic thinking that
emphasize the interdependence of reason, emotion, and context [10,13].

In Japanese master’s programs, international students encounter an academic envi-
ronment that values careful observation, guided practice, and structured collaboration.
These conditions can support self-regulation, analytical precision, and methodical reflection
while also requiring sensitivity to collective work and different ways of participating in
academic life. Previous studies have described Japanese graduate education as a space
where methodological rigor coexists with cooperation and where critical thinking is often
negotiated in relation to group harmony and local communicative norms [23,31].

This context is also shaped by a broader educational tradition in which learning
is understood as both an intellectual and formative process. Academic development
involves not only the acquisition of technical skills but also attitudes linked to effort,
discipline, self-criticism, and continuous improvement. Studies of postgraduate education
and professional training in Japan have identified reflection and sustained improvement as
central elements of academic formation [27,29].

The internationalization of Japanese universities adds another layer of complexity. In
master’s programs with culturally diverse populations, students bring different epistemo-
logical traditions, communication styles, and expectations about learning. The classroom
therefore becomes a space where ways of reasoning, values, and academic practices are
negotiated. This is relevant for complex thinking because international students may need
to adapt their critical reasoning to local communicative conventions while engaging in
more dialogical and contextualized forms of reflection [25,32].

This context is important for interpreting the present study. Self-perceived complex
thinking cannot be separated from the educational environment in which students evaluate
their own cognitive development. Prior comparisons of graduate education have shown
that Japanese models tend to emphasize the integration of practical experience, academic
discipline, and social cohesion, which may influence how students understand knowledge,
collaboration, and reflection [3,26].

In this research, complex thinking is approached through its self-perceived dimension.
The study does not examine cognitive performance directly but rather how students
interpret their capacity to think systemically, scientifically, critically, and innovatively
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within a specific academic context. This distinction is important because critical thinking
and seminar-based learning in Japan have been described as processes shaped by reflection,
collective knowledge construction, and contextual forms of academic participation [4,33].

For this reason, the Japanese international graduate context is not treated as a neutral
background. It is understood as a formative environment that may influence how stu-
dents make sense of their own cognitive development. Its combination of methodological
rigor, relational learning expectations, and multicultural interaction provides a meaningful
setting for examining whether self-perceived complex thinking varies across academic
progression and national trajectories. This connection between context, trajectory, and
perceived cognitive competence is summarized in Figure 1.

Figure 1. Conceptual framing of the study.

Based on this conceptual framing, the study examines whether students’ self-
perception of systemic, scientific, critical, and innovative thinking differs according to
semester and nationality within an international graduate program in Japan.

3. Methods
The present study adopted a quantitative, cross-sectional, and analytical design to

examine self-perceived complex thinking among international master’s students enrolled
at a Japanese university. The analysis focused on differential patterns in the systemic,
scientific, critical, and innovative dimensions of complex thinking according to sex, aca-
demic field, academic semester, and nationality. Given the heterogeneous nature of the
sample and the characteristics of the data, a nonparametric multivariate analysis based on
permutations, PERMANOVA, was used to evaluate group differences without relying on
strict assumptions of normality or homoscedasticity. This approach allowed for a robust
analysis of self-perceived complex thinking in a culturally diverse graduate context.

3.1. Population

The study population consisted of 491 international students enrolled in master’s
programs at a Japanese technology university. All participants were full-time students
from different academic fields within the same graduate institution, which provided a
diverse sample in terms of discipline, culture, and language. The university was selected
because it offers international master’s programs with a highly multicultural student body
and a strong orientation toward technology-based graduate education. This context was
suitable for examining complex thinking in an environment where students from different
academic, linguistic, and cultural backgrounds share the same institutional setting.
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Participants were recruited through institutional communication channels coordinated
with the graduate programs. The invitation explained the academic purpose of the study,
the voluntary nature of participation, and the anonymous treatment of responses. Data
were collected at a single point during the fall semester of 2025. No incentives, grades, or
institutional benefits were offered. A total of 618 students were invited to participate, and
491 valid responses were obtained, resulting in an approximate response rate of 79.45%.
The sex distribution was 71.69% male (n = 352) and 28.31% female (n = 139) (Table 1).

Table 1. Distribution by sex.

Sex Freq Percent

Male 352 71.69%
Female 139 28.31%
Total 491 100.00%

Source: Authors’ own elaboration.

In terms of country of origin, most students came from China (58.04%) and Nepal
(18.13%), followed by Sri Lanka (7.33%), Bangladesh (7.13%), and India (4.48%). Smaller
groups came from Japan, Taiwan, the Philippines, Vietnam, Mongolia, Myanmar, Pakistan,
and the United States. This distribution reflects the multicultural profile of international
graduate programs in Japan, where students from East and South Asia are represented
within a shared educational setting (Table 2).

Table 2. Distribution of participants according to their country of origin.

Country Freq Percent

Bangladesh 35 7.13%
China 285 58.04%
India 22 4.48%
Japan 8 1.63%
Mongolia 1 0.20%
Myanmar 2 0.41%
Nepal 89 18.13%
Pakistan 2 0.41%
Philippines 3 0.61%
Sri Lanka 36 7.33%
Taiwan 4 0.81%
USA 1 0.20%
Vietnam 3 0.61%
Total 491 100.00%

Source: Authors’ own elaboration.

The inclusion criterion was enrollment in a master’s program at the participating
Japanese university, which ensured that all participants had experience within the same
academic environment. Participation was voluntary and anonymous and required prior
acceptance of an informed consent form. The cultural and geographic diversity of the
sample allowed group comparisons and supported the study’s analysis of self-perceived
complex thinking in an international graduate context.

3.2. Instrument

Data were collected using the eComplexity instrument, developed and validated by
Vázquez-Parra et al. [34] to assess complex thinking in higher education. The instrument
is based on the theoretical model of complex thinking competence proposed by Ramírez-
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Montoya et al. [6] and has undergone additional validation processes in Latin American
educational contexts.

The questionnaire measures self-perceived complex thinking through four interre-
lated dimensions: systemic, scientific, critical, and innovative thinking. Together, these
dimensions reflect students’ perceived ability to integrate reasoning, analysis, creativity,
and judgment in problem-solving [9].

The instrument includes 25 items distributed across the four dimensions, following
the validated structure reported by Vázquez-Parra et al. [34]. Systemic thinking includes six
items and refers to the ability to recognize relationships among components of a problem
and interpret phenomena as part of broader systems. Scientific thinking includes seven
items and addresses the use of evidence, inquiry, and methodological reasoning. Critical
thinking includes six items and refers to the capacity to evaluate arguments, question
assumptions, and make reasoned judgments. Innovative thinking includes six items and
addresses the ability to generate alternative solutions and propose new ways of approaching
problems. Sample items refer to identifying associations between variables, formulating
research questions or hypotheses, analyzing problems from different perspectives, and
applying innovative solutions. All items were answered on a five-point Likert scale ranging
from 1, strongly disagree, to 5, strongly agree.

In the present sample, internal consistency was estimated for each dimension before
conducting the multivariate analyses. Reliability coefficients were acceptable to high for
systemic thinking, α = 0.848; scientific thinking, α = 0.881; critical thinking, α = 0.801; and
innovative thinking, α = 0.850. The full 25-item scale also showed high internal consistency,
α = 0.950. These results supported the use of the four dimensions as indicators of students’
self-perceived complex thinking in this sample.

Previous validation studies have reported an adequate confirmatory factor structure
for the instrument, with satisfactory model fit, CFI = 0.962, TLI = 0.956, RMSEA = 0.045, and
high internal consistency across subscales, α ranging from 0.82 to 0.89. These results support
the convergent validity and reliability of the instrument for measuring self-perceived
complex thinking in higher education contexts [35].

The instrument was administered in English, Chinese, and Japanese. The English
version followed the validated structure of the original instrument, while the Chinese
and Japanese versions were reviewed by bilingual academic specialists to ensure semantic
equivalence. No items were added, removed, or structurally modified. Only minor
wording clarifications were introduced in the instructions to facilitate comprehension
across languages.

To support cross-language consistency, a linguistic verification procedure was con-
ducted. This included expert item review by a bilingual panel with experience in Asian
higher education and minor adjustments to the instructions without altering the latent
content of the items. This procedure was intended to preserve the theoretical coherence
of the construct and reduce potential bias arising from culturally differentiated interpreta-
tions [36,37].

3.3. Procedure

The instrument was administered during the fall semester of 2025 in coordination
with the master’s programs at the participating Japanese university. Data were collected
digitally through an online form hosted on a secure platform. Students were invited to
participate voluntarily after receiving information about the academic purpose of the study,
the scope of the questionnaire, and the anonymous treatment of their responses.

Before completing the questionnaire, participants reviewed and accepted an informed
consent form. The form specified that the data would be used exclusively for academic
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purposes and that participation would have no effect on institutional evaluation. The
average response time was ten minutes. No relevant item omissions were recorded, so
missing-value imputation was not required. Duplicate or incomplete responses were
removed according to the institution’s data quality criteria.

The procedure followed the terms and conditions of the Research for Challenges
privacy notice and was approved by the Institutional Ethics Committee of Tecnológico de
Monterrey under file number P-IFE-202506-002.

3.4. Data Analysis

Data analysis was conducted in R using the MVN package [38], HH package [39,40],
and vegan package [41]. First, normality and homogeneity of variance were assessed
for the four dimensions of complex thinking: systemic, scientific, critical, and innovative
thinking. The multivariate Henze–Zirkler test and the univariate Anderson–Darling tests
indicated non-normality in the data, p < 0.001 in all dimensions. The Brown–Forsythe test
also indicated heteroscedasticity among the compared groups [42,43].

Given these results, PERMANOVA was applied using the adonis2 function from
the vegan package [44–46]. This nonparametric method evaluates multivariate group
differences based on a distance matrix and random permutations. In this study, Euclidean
distance and 999 permutations were used. This approach was appropriate because the data
did not meet the assumptions of normality and homoscedasticity.

A general model was first constructed to compare the complex thinking dimensions
according to academic semester and nationality. Additional segmented contrasts were then
performed by sex and academic field to examine possible group effects. The pseudo-F statis-
tic was used to estimate group differences, and statistical significance was assessed through
permutation-based p-values. When significant effects were identified, post hoc pairwise
comparisons were conducted to determine where the differences were concentrated.

Given the unequal distribution of participants across nationalities, an a priori decision
rule was established for post hoc nationality comparisons. Pairwise comparisons were
conducted only for nationality groups with at least eight participants. This threshold was
used to reduce the instability of estimates in very small cells and avoid overinterpreting
contrasts based on one to three cases. Nationalities below this threshold were retained
in the descriptive characterization of the sample but were not used for pairwise post
hoc interpretation.

Formally, the PERMANOVA model used in this study is based on the partitioning of
the sum of squares of distances between and within the compared groups. The general
structure of the model is expressed as:

SST = SSB + SSW

where SST represents the total sum of squared distances (total variance among all observa-
tions), SSB the variation between groups, and SSW the variation within groups. The test
statistic (pseudo-F) is calculated as follows:

F =
SSB/(k − 1)

SSW/(N − k)

where (k − 1) corresponds to the degrees of freedom between groups and (N-k) to the
degrees of freedom within groups. To calculate the statistics, we start with a distance matrix
D = [d_ij], where d_ij is the distance between observations i and j.
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The distance matrix d_ij [44]:

SST =
1
N ∑N−1

i=1 ∑N
j=i+1 d2

ij

SSW = ∑k
g=1

1
ng

∑ i<j∈g d2
ij

SSB = SST − SSW

where

• d_ij is the distance between observations i and j,
• N is the total number of observations,
• k is the number of groups,
• n_g is the number of observations in group g,
• SS_T: total variance (total sum of squares),
• SS_W: variance within groups,
• SS_B: variance between groups (differences explained by the factor).

Now, the null and alternative hypotheses correspond to:

H0. There are no significant differences in the multivariate structure between groups; that is, the
centroids of the groups in the distance space are statistically equal. In other words, the average
distances between groups do not differ more than expected by chance.

H0. µ 1 = µ 2 =. . . = µ k (where k is the number of groups)

Ha. There are significant differences in the multivariate structure between at least two groups; that
is, the centroids of the groups differ in the distance space. In other words, at least one group has a
different center.

Ha. ∃(i, j) such that µi ̸= µj

Overall, the methodological design allowed for a consistent empirical analysis of self-
perceived complex thinking as an advanced cognitive competence in graduate education.
The use of a validated instrument, the multicultural composition of the sample, and
the application of nonparametric multivariate analyses supported the identification of
perceived complex thinking patterns across nationalities and academic semesters. The
results presented below therefore examine how students in an international master’s
program in Japan perceive the systemic, scientific, critical, and innovative dimensions of
complex thinking.

3.5. Methodological Considerations on Self-Report and Common Method Bias

This study measures students’ self-perceived complex thinking rather than direct per-
formance in complex thinking tasks. This distinction is important because self-perception
may be influenced by cultural norms of self-presentation, modesty, confidence, and re-
sponse style, particularly in international samples. For this reason, the results are inter-
preted as perceived cognitive development, not as objective evidence of students’ actual
complex thinking performance.

Several procedural decisions were taken to reduce potential common method bias.
Participation was anonymous, no incentives or academic consequences were associated
with the responses, and students were informed that there were no right or wrong answers.
The instrument also included items from four differentiated dimensions, which helped
reduce the likelihood that responses reflected a single undifferentiated perception of com-
petence. Even so, because all data were collected through self-report at one point in time,
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common method variance cannot be fully ruled out. This limitation is acknowledged in the
interpretation of the findings and in the discussion of future research.

4. Results
4.1. Descriptive Analyses and Tests of Normality and Homoscedasticity

Table 3 presents the mean and standard deviation scores for self-perceived complex
thinking and its four component dimensions, grouped by country of origin. Participants
from China, India, Nepal, and Sri Lanka showed averages close to 4 points, indicating a
relatively high self-perceived profile across the four dimensions. In contrast, Bangladesh
and Japan showed lower mean scores, especially in scientific and innovative thinking,
where the averages were below 3.6. Overall, the results suggest moderately high levels
of self-perceived complex thinking, with a slight predominance of systemic and critical
thinking (Table 3).

Table 3. Average self-perception scores by type of thinking.

Country Systemic
Thinking

Scientific
Thinking

Critical
Thinking

Innovative
Thinking

Complex
Thinking

Bangladesh 3.65 (0.67) 3.52 (0.71) 3.77 (0.71) 3.65 (0.68) 3.66 (0.64)
China 3.90 (0.55) 3.67 (0.60) 3.91 (0.50) 3.73 (0.58) 3.80 (0.50)
India 3.92 (0.36) 3.68 (0.47) 3.91 (0.34) 3.75 (0.56) 3.81 (0.35)
Japan 3.44 (0.54) 3.34 (0.71) 3.73 (0.45) 3.42 (0.71) 3.48 (0.56)
Mongolia 3.33 (—) 3.43 (—) 4.00 (—) 3.83 (—) 3.65 (—)
Myanmar 4.50 (0.71) 4.14 (0.20) 4.25 (0.35) 4.42 (0.59) 4.33 (0.46)
Nepal 4.07 (0.36) 3.91 (0.47) 4.04 (0.38) 4.02 (0.42) 4.01 (0.36)
Pakistan 4.25 (0.59) 4.29 (0.81) 4.17 (0.47) 4.33 (0.94) 4.26 (0.70)
Philippines 4.22 (0.25) 3.90 (0.16) 4.17 (0.00) 4.11 (0.19) 4.10 (0.13)
Sri Lanka 4.00 (0.44) 3.94 (0.44) 3.89 (0.37) 3.94 (0.53) 3.94 (0.40)
Taiwan 3.67 (0.36) 3.43 (0.67) 3.71 (0.48) 3.71 (0.34) 3.63 (0.43)
USA 3.83 (—) 3.57 (—) 3.83 (—) 3.83 (—) 3.77 (—)
Vietnam 3.72 (0.79) 3.43 (0.38) 3.72 (0.63) 3.67 (0.76) 3.63 (0.62)
Total 3.92 (0.53) 3.72 (0.58) 3.92 (0.48) 3.79 (0.57) 3.84 (0.49)

Source: Authors’ own elaboration. Note. Values are reported as mean (standard deviation). SD is not reported for
nationalities represented by a single participant.

To address the first research question, the descriptive analysis examined how students
perceived themselves across the four dimensions of complex thinking. The inclusion of
standard deviations in Table 3 provides a clearer view of score dispersion across national
groups and supports the subsequent multivariate analyses, which examine whether these
perceived profiles differ according to nationality, semester, sex, and academic program.

Table 4 shows the results of the multivariate and univariate normality tests, along
with descriptive statistics for the four dimensions of complex thinking. In the multivariate
normality test, the Henze–Zirkler test yielded a statistic of 14.34 with a p-value < 0.001,
indicating that the data do not follow a multivariate normal distribution. In the univari-
ate normality test, all variables, Systemic Thinking, Scientific Thinking, Critical Think-
ing, and Innovative Thinking, were evaluated using the Anderson–Darling test, with
p-values < 0.001 in all cases. Therefore, none of the variables exhibit univariate normality.

Table 5 presents the results of the homoscedasticity test. Since there are statistically
significant differences in the IT variance between the different semesters, the data should
be treated as heteroscedastic.
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Table 4. Normality test.

(A) Multivariate normality

Test Statistic p-value Method Conclusion

Henze–Zirkler 14.34 <0.001 Asymptotic Not normal

(B) Univariate normality (by dimension)

Test Variable Statistic p-value Conclusion

Anderson–Darling Systemic thinking 9.458 <0.001 Not normal

Anderson–Darling Scientific thinking 8.349 <0.001 Not normal

Anderson–Darling Critical thinking 11.242 <0.001 Not normal

Anderson–Darling Innovative
thinking 12.002 <0.001 Not normal

(C) Descriptive statistics by dimension

Variable n Mean SD Median Min Max 25th 75th Skewness Kurtosis

Systemic thinking 491 3.866 0.528 4.000 1 5 3.625 4.125 −0.516 5.045

Scientific thinking 491 3.755 0.560 3.833 1 5 3.500 4.000 −0.377 4.338

Critical thinking 491 3.875 0.494 4.000 1 5 3.571 4.000 −0.476 5.666

Innovative
thinking 491 3.821 0.600 4.000 1 5 3.500 4.000 −0.268 3.820

Source: Authors’ own elaboration.

Table 5. Summary of the Brown–Forsythe test for difference in variances.

V1 V2 F Statistic gl (num) gl (den) p-Value Result Interpretation

ST Sex 0.14486 1.00 353.18 0.7037 Not
significant

There is no evidence of
differences in ST variance
between sexes.

SCT Sex 0.066229 1.00 331.87 0.7971 Not
significant

SCT variances between
sexes appear to be
homogeneous.

CT Sex 0.087775 1.00 366.03 0.7672 Not
significant

No significant differences
in CT variance between
sexes were detected.

IT Sex 1.7252 1.00 293.8 0.1900 Not
significant

Homogeneity of variances
by sex is assumed.

ST Semester 2.0767 3.00 12.952 0.1530 Not
significant

There is no evidence of
differences in ST variance
between semesters.

SCT Semester 3.0085 3.00 9.1139 0.08645 Not
significant

There is a possible trend
toward differences in SCT
variance by semester,
although not significant
at 5%.

CT Semester 2.5797 3.00 7.7358 0.1286 Not
significant

CT variance between
semesters does not differ
significantly.

IT Semester 4.0753 3.00 13.853 0.02858 Significant

There are statistically
significant differences in IT
variance between
semesters.

Source: Authors’ own elaboration.
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4.2. PERMANOVA

Since the variables are neither normally distributed nor homoscedastic, a PER-
MANOVA test (using the adonis2 function in R) was chosen. This nonparametric statistical
method is used to assess whether significant differences exist between groups, based on
a distance matrix. In this case, Euclidean distance was used, and 999 permutations were
performed to estimate the statistical significance of the results. The formula used was think-
ing_vars~group_var, indicating that the study evaluated whether the thinking variables
(thinking_vars) differed between the groups defined by the group_var variable.

The model yielded an F-value of 1.99 (pseudo-F) and a p-value of 0.003. This implies
that there is sufficient statistical evidence to reject the null hypothesis; that is, the observed
differences between the groups are not due to chance. In other words, the groups differ
significantly in the analyzed variables. Significance was determined using permutations,
which strengthens the robustness of the result by not relying on parametric assumptions
(Table 6).

Table 6. General PERMANOVA Result.

Source df Sum of Squares R2 F p-Value

Model 27 73.45 0.104 1.9903 0.003
Residual 463 632.82 0.896 — —
Total 490 706.27 1.000 — —

Source: Authors’ own elaboration. The overall model is statistically significant (p = 0.003), explaining 10.4% of the
variance (R2 = 0.104) in the multivariate space defined by the thinking variables.

This finding responds to the second research question by showing that the multivariate
profile of self-perceived complex thinking was not entirely homogeneous across the group-
ing variables considered in the study. The overall model explained 10.4% of the variance in
the multivariate space, which suggests a statistically significant but moderate association
between the grouping structure and the set of complex thinking dimensions. For this
reason, the interpretation of the following models considers both statistical significance
and effect size, avoiding an overstatement of differences that may be statistically detectable
but limited in practical magnitude.

Given that significant differences were found, it is necessary to evaluate each group
(according to sex, academic field, semester, and nationality). In the case of sex, the p-value
is 0.559, well above 0.05, which means that there is no statistical evidence to suggest that
men and women have different profiles in the types of thinking (Table 7).

Table 7. PERMANOVA result segmented by sex. Model: Euclidean distance on the set of thinking
variables~Sex; Permutation scheme: Free; Number of permutations: 999.

Source df Sum of Squares R2 F p-Value

Model (Sex) 1 0.69 0.00097 0.4767 0.559

Residual 489 705.58 0.99903 — —

Total 490 706.27 1.00000 — —
Source: Authors’ own elaboration. Sex was not associated with statistically significant differences in multivariate
profiles of the thinking variables (p = 0.559), and the effect size was negligible (R2 = 0.00097).

The same applies when comparing academic field (Table 8), as there was insufficient
statistical evidence to conclude that academic field was associated with significant dif-
ferences in the multivariate profile of the thinking dimensions analyzed (ST, SCT, CT, IT,
and CoT).
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Table 8. PERMANOVA results segmented by academic field. Model: Euclidean distance on the set of
thinking variables~Program; Permutation scheme: Free; Number of permutations: 999.

Source df Sum of Squares R2 F p-Value

Model (Program) 11 24.81 0.03513 1.5853 0.096

Residual 479 681.46 0.96487 — —

Total 490 706.27 1.00000 — —
Source: Authors’ own elaboration. Program showed no statistically significant differences in the multivariate
profiles of the thinking variables at the 0.05 level (p = 0.096), although the effect size was small (R2 = 0.035).

The non-significant results for sex and academic program help delimit the scope of
the findings. In relation to the research questions, these variables did not provide evidence
of differentiated profiles of self-perceived complex thinking in this sample. This suggests
that the main variations observed in the study are not primarily associated with sex or
disciplinary affiliation but with nationality and academic semester. This interpretation
should be understood within the limits of a self-report, cross-sectional design.

When comparing nationality, it was identified that the groups defined by nationality
did present statistically significant multivariate differences (Table 9). Therefore, a pairwise
comparison of nationality was performed (78 pairs evaluated), and it was found that there
were differences only between the countries listed in Table 10.

Table 9. PERMANOVA results segmented by nationality. Model: Euclidean distance on the set of
thinking variables~Nationality; Permutation scheme: Free; Number of permutations: 999.

Source df Sum of Squares R2 F p-Value

Model
(Nationality) 12 38.68 0.05477 2.3081 0.013

Residual 478 667.59 0.94523 — —

Total 490 706.27 1.00000 — —
Source: Authors’ own elaboration. Nationality was associated with statistically significant differences in the
multivariate profiles of the thinking variables (p = 0.013), with a small-to-moderate effect size (R2 = 0.0548).

Table 10. Significant differences between nationalities.

N1 N2 F R2 p Value

Bangladesh Nepal 12.2430466 0.0912006017 0.001
Bangladesh Sri Lanka 4.6086575 0.0626102641 0.031
China Nepal 12.6529861 0.0328945479 0.001
India Nepal 4.1099951 0.0363362676 0.038
Japan Nepal 10.9756220 0.1035674227 0.001
Japan Sri Lanka 6.2698844 0.1298922612 0.018

Source: Authors’ own elaboration.

Nationality was associated with statistically significant differences in the multivariate
profile of self-perceived complex thinking, explaining 5.48% of the variance. Although
this effect is modest, it is relevant for the study because it suggests that students’ cultural
and educational trajectories may be associated with how they evaluate their own systemic,
scientific, critical, and innovative thinking. This result directly addresses the second
research question by showing that self-perception of complex thinking does vary across
some national groups within the same international graduate environment.

In order to quantify the magnitude of these differences, effect sizes were calculated
and are reported as R2 coefficients in the PERMANOVA tables. In the pairwise nationality
comparisons (Tables 10 and 11), the R2 column indicates the proportion of variance in the
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multivariate thinking profile explained by each contrast, complementing the interpretation
of the p-values.

Table 11. Differences between nationalities by type of thinking.

N1 N2 Thinking F R2 p Value Sig. 5%

Bangladesh Nepal ST 17.278027 0.12405422 0.001 Yes
Bangladesh Nepal SCT 11.079081 0.08325186 0.002 Yes
Bangladesh Nepal CT 10.183464 0.07704038 0.002 Yes
Bangladesh Nepal IT 9.826150 0.07453870 0.003 Yes
Bangladesh Nepal CoT 14.409234 0.10563239 0.001 Yes
Bangladesh Sri Lanka ST 6.767431 0.08931847 0.012 Yes
Bangladesh Sri Lanka SCT 6.518169 0.08631259 0.010 Yes
Bangladesh Sri Lanka CT 1.359123 0.01931694 0.262 No
Bangladesh Sri Lanka IT 3.545929 0.04887840 0.067 No
Bangladesh Sri Lanka CoT 4.992427 0.06747213 0.025 Yes
China Nepal ST 10.774443 0.02814828 0.002 Yes
China Nepal SCT 9.367965 0.02456411 0.002 Yes
China Nepal CT 8.352385 0.02195960 0.010 Yes
China Nepal IT 18.965821 0.04851018 0.001 Yes
China Nepal CoT 14.373478 0.03720100 0.001 Yes
India Nepal ST 5.366763 0.04692590 0.032 Yes
India Nepal SCT 2.614254 0.02342222 0.116 No
India Nepal CT 5.868418 0.05108818 0.018 Yes
India Nepal IT 3.344407 0.02976924 0.070 No
India Nepal CoT 5.223280 0.04572868 0.022 Yes
Japan Nepal ST 20.359578 0.17648797 0.001 Yes
Japan Nepal SCT 6.597885 0.06494117 0.023 Yes
Japan Nepal CT 11.319574 0.10646745 0.006 Yes
Japan Nepal IT 8.122607 0.07876651 0.010 Yes
Japan Nepal CoT 13.229397 0.12223478 0.002 Yes
Japan Sri Lanka ST 11.063072 0.20848910 0.003 Yes
Japan Sri Lanka SCT 6.388987 0.13203390 0.014 Yes
Japan Sri Lanka CT 3.312612 0.07310573 0.079 No
Japan Sri Lanka IT 4.376637 0.09437160 0.055 No
Japan Sri Lanka CoT 7.073469 0.14414039 0.013 Yes

Source: Authors’ own elaboration.

Post hoc analysis of paired comparisons using PERMANOVA showed that the greatest
differences were concentrated in Nepal, which differed significantly from Bangladesh
(p = 0.001), China (p = 0.001), India (p = 0.038), and Japan (p = 0.001). A significant difference
was also observed between Bangladesh and Sri Lanka (p = 0.031), and between Japan and
Sri Lanka (p = 0.018) (Table 11). No significant differences were observed among the other
nationalities (p > 0.05) (Figure 2), although the comparison was only made with countries
that had a sample size of 8 or more individuals.

Although these comparisons yielded statistically significant differences, they should
be interpreted as exploratory due to the unequal group sizes and the limited number of
participants in several nationalities. To mitigate this issue, post hoc analyses were restricted
to nationalities with at least eight participants, and the most robust contrasts correspond
to the two largest groups in the sample (Japan and Nepal). These constraints reflect the
natural enrollment distribution of the program and do not alter the central purpose of the
analysis, which is to provide preliminary evidence about how intercultural trajectories
shape students’ perceived development of complex thinking.
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Figure 2. Distribution of CoT by nationality (violin + boxplot). Source: Authors’ own elaboration.

In the Nepal–Bangladesh, Nepal–China, and Nepal–Japan comparisons, significant
differences were observed in all dimensions of thinking (ST, SCT, CT, IT, and CoT), suggest-
ing that the self-perceived complex thinking profile of Nepali students differed consistently
from those of students from these three national groups. In the Nepal–India comparison,
the differences were partially consistent and concentrated mainly in systems thinking (ST),
critical thinking (CT), and complex/total thinking (CoT). Sri Lanka, on the other hand,
showed differences only with Bangladesh and Japan, and these differences were specifically
located in ST, SCT, and CoT, indicating that the contrast with Sri Lanka is more localized in
the systemic and complex dimensions of thinking, while the CT and IT dimensions did not
show robust statistical effects.

The Nepal findings should be interpreted with caution, but they show a consistent
descriptive pattern. Nepali students reported higher self-perception scores across the four
dimensions of complex thinking, especially in comparison with students from Bangladesh,
China, India, and Japan. This does not indicate superior objective performance in com-
plex thinking, since the instrument measures perceived competence rather than direct
cognitive performance. Rather, the pattern suggests that, within this graduate context,
Nepali students expressed a more affirmative perception of their ability to connect infor-
mation, use evidence, evaluate perspectives, and propose alternative solutions. These
differences may be related to prior educational experiences, adaptation to the academic
environment, or cultural response styles and should be examined in future studies with
more balanced samples.

Finally, when comparing the semester, the p-value obtained was 0.008. Therefore,
there is statistically significant evidence to suggest that students from different semesters
show differences in their multivariate profile of the types of thinking assessed (ST, SCT, CT,
IT, and CoT). In other words, the academic semester is associated with differences in the
complete set of variables analyzed (Table 12).
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Table 12. PERMANOVA results segmented by semester. Model: Euclidean distance on the set of
thinking variables~Semester; Permutation scheme: Free; Number of permutations: 999.

Source df Sum of Squares R2 F p-Value

Model
(Semester) 3 19.39 0.02745 4.5821 0.008

Residual 487 686.88 0.97255 — —

Total 490 706.27 1.00000 — —
Source: Authors’ own elaboration. Semester was associated with statistically significant differences in the
multivariate profiles of the thinking variables (p = 0.008), with a small effect size (R2 = 0.0275).

Semester was also associated with statistically significant differences in the multivari-
ate profile of self-perceived complex thinking, explaining 2.75% of the variance. This effect
is small, but it suggests that academic progression may be related to how students perceive
their development of complex thinking. In relation to the research questions, this finding
indicates that self-perception is differentiated not only by some national trajectories but also
by students’ position within the graduate program. Because the study is cross-sectional,
this pattern should not be interpreted as direct evidence of individual development over
time but as an association between semester and perceived cognitive competence.

Pairwise comparisons between semesters show that the previously observed mul-
tivariate differences are specifically located between the first and fourth semesters, and
between the fourth and second semesters. In both cases, these differences encompass the
types of thinking (Systemic Thinking, Scientific Thinking, Critical Thinking, Innovative
Thinking, and Complex Thinking), as all show p-values < 0.05 in these pairs.

Conversely, between the first and second semesters, a significant difference was found
only in Critical Thinking. And between the first and third semesters, the fourth and third
semesters, and the second and third semesters, no significant differences were observed in
any of the types of thinking; that is, the differences between adjacent semesters (1st vs. 2nd,
2nd vs. 3rd, 3rd vs. 4th) are minimal or nonexistent, except in the case of Critical Thinking
between the first and second semesters (Table 13).

Table 13. Differences between semesters by type of thinking.

S1 S2 Thinking F R2 p Value Sig. 5%

First semester Fourth semester ST 5.3929876 0.2210876220 0.038 Yes
First semester Fourth semester SCT 14.8089241 0.4380182002 0.001 Yes
First semester Fourth semester CT 18.3102229 0.4907561910 0.001 Yes
First semester Fourth semester IT 10.2125040 0.3495935852 0.008 Yes
First semester Fourth semester CoT 13.6710810 0.4184459343 0.002 Yes
First semester Second semester ST 0.0482536 0.0001007281 0.824 No
First semester Second semester SCT 1.3942755 0.0029023566 0.271 No
First semester Second semester CT 5.1717352 0.0106816131 0.027 Yes
First semester Second semester IT 0.2540413 0.0005300766 0.619 No
First semester Second semester CoT 1.2275084 0.0025560977 0.246 No
First semester Third semester ST 1.2470714 0.0615926815 0.272 No
First semester Third semester SCT 2.5237306 0.1172533984 0.122 No
First semester Third semester CT 1.7694022 0.0851927364 0.209 No
First semester Third semester IT 2.5045392 0.1164656057 0.131 No
First semester Third semester CoT 2.3902388 0.1117443703 0.126 No
Fourth semester Second semester ST 7.5302037 0.0158353846 0.010 Yes
Fourth semester Second semester SCT 9.9562188 0.0208308176 0.005 Yes
Fourth semester Second semester CT 12.2275334 0.0254619582 0.003 Yes
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Table 13. Cont.

S1 S2 Thinking F R2 p Value Sig. 5%

Fourth semester Second semester IT 11.2112124 0.0233951379 0.004 Yes
Fourth semester Second semester CoT 12.3258557 0.0256614453 0.001 Yes
Fourth semester Third semester ST 0.5748299 0.0670368901 0.440 No
Fourth semester Third semester SCT 0.9800000 0.1091314031 0.383 No
Fourth semester Third semester CT 1.2600000 0.1360691145 0.423 No
Fourth semester Third semester IT 1.1824818 0.1287758347 0.389 No
Fourth semester Third semester CoT 1.0918373 0.1200898372 0.381 No
Second semester Third semester ST 1.8269685 0.0038885986 0.170 No
Second semester Third semester SCT 1.6090163 0.0034262893 0.214 No
Second semester Third semester CT 0.4941245 0.0010547080 0.503 No
Second semester Third semester IT 2.7209270 0.0057803400 0.125 No
Second semester Third semester CoT 1.9463686 0.0041416825 0.152 No

Source: Authors’ own elaboration.

Taken together, the results answer the research questions by showing that international
master’s students reported moderately high levels of self-perceived complex thinking, with
systemic and critical thinking standing out slightly across the sample. The multivariate
analyses further indicate that these perceptions differed significantly by nationality and
semester but not by sex or academic program. The magnitude of these effects was modest,
which suggests that cultural and academic trajectories may shape students’ self-perception
of complex thinking without fully determining it. These findings provide the empirical
basis for the following discussion, where the results are interpreted in relation to graduate
education, intercultural learning, and competence-based curriculum design.

5. Discussion
The results offer a more nuanced reading of complex thinking in international gradu-

ate education. Overall, students reported moderately high levels of self-perceived complex
thinking, with systemic and critical thinking scoring slightly higher than the scientific and
innovative dimensions. One possible interpretation is that students more readily recog-
nize abilities related to connecting elements of a problem, identifying relationships, and
evaluating perspectives, while methodological reasoning and the generation of alternative
solutions appear somewhat less pronounced. This supports the understanding of complex
thinking as an integrative competence that brings together knowledge, action, and reflec-
tion while also showing that its dimensions are not perceived with the same intensity by
graduate students [7,47].

This pattern is meaningful for master’s education. Graduate programs are expected to
move students beyond technical specialization and toward broader forms of intellectual
autonomy, interdisciplinary articulation, and reflective judgment. The scores observed
here are consistent with that expectation, particularly for systemic and critical thinking.
However, they should not be read as evidence that graduate education produces complex
thinking in a linear or automatic way. The finding is more limited but still relevant:
students in this international graduate context recognize elements of complex thinking as
part of their academic experience. This is consistent with perspectives that understand
graduate learning as a process of cognitive integration, situated reasoning, and progressive
epistemological awareness [48–50].

The differences by nationality require careful interpretation. Some national groups
showed significant differences in their self-perceived complex thinking profiles, suggesting
that these perceptions are not entirely homogeneous within the same graduate environ-
ment. This finding is compatible with the idea that complex competence is shaped by
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the interaction between learning experiences and cultural frames of interpretation [51,52].
However, the instrument measures self-perception rather than objective cognitive perfor-
mance. Responses may therefore be influenced by confidence, modesty norms, language
familiarity, academic socialization, or culturally shaped response styles. For this reason,
differences by nationality should be understood as variations in perceived cognitive com-
petence within this sample, not as evidence that one national group performs better than
another in complex thinking.

The Nepal-related results are especially relevant in this regard. Nepali students
reported higher self-perception scores across the four dimensions, particularly compared
with students from Bangladesh, China, India, and Japan. This may indicate that, within this
academic setting, they expressed greater confidence in their ability to connect information,
use evidence, evaluate perspectives, and propose alternative solutions. At the same time,
the study does not provide direct evidence about the previous educational experiences that
may have shaped these perceptions. Any explanation related to prior schooling, cooperative
learning traditions, or adaptation to the Japanese academic environment should therefore
be treated as a hypothesis for future research rather than as a conclusion of the present
study. This caution is important because cultural comparisons in international education
can easily become overgeneralized when they are not supported by direct evidence on
students’ educational trajectories [8,23,25].

The differences by academic semester also need measured interpretation. Fourth-
semester students reported higher self-perception scores than students in earlier semesters,
which is consistent with the possibility that sustained participation in graduate education
is associated with greater metacognitive awareness and stronger integration of research,
reflection, and problem-solving. This reading aligns with approaches that describe complex
learning as a recursive process between theory and practice, where knowledge becomes
progressively situated through academic experience [2,9]. Even so, the cross-sectional
design does not allow us to demonstrate individual development over time. The observed
semester differences may be related to academic progression, but they may also reflect
cohort composition, persistence in the program, or other unmeasured factors. Longitudinal
research is needed to determine whether students’ self-perceived complex thinking changes
as they move through the program.

The absence of significant differences by sex and academic field helps define the scope
of the findings. In this sample, self-perceived complex thinking did not vary meaningfully
according to these variables. This does not mean that sex or academic field are irrelevant in
all contexts, but it does indicate that they did not explain the main differences observed
here. The results point instead to a situated interpretation, where self-perception appears to
emerge from the interaction between individual trajectories, academic experience, and the
shared international graduate environment. Even for nationality and academic semester,
the effects were modest, reinforcing the need to avoid deterministic interpretations.

Taken together, these findings refine the theoretical discussion on complex thinking.
They suggest that complex thinking should not be treated only as an abstract cognitive
ideal or as a homogeneous competence. In an international graduate context, it appears
as a multidimensional and context-sensitive form of self-perceived competence. This
reading extends Morin’s broader understanding of complexity as relational and integrative
by showing how students perceive its dimensions differently within a culturally diverse
academic environment [1,13]. It also contributes to the literature on international education
by suggesting that multicultural graduate programs are not only spaces where students
from different national backgrounds coexist. They are also environments where students’
perceptions of their own cognitive abilities may be shaped by academic progression, cultural
trajectories, and institutional expectations [3,31].
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There is also a broader educational reading of these results, although it must remain
cautious. Since the study did not measure global citizenship, intercultural integration,
participation, or equity, it cannot conclude that complex thinking directly mediates these
processes. What the results suggest is more limited: self-perceived complex thinking may
be relevant for designing graduate learning environments where students learn to work
across diverse perspectives, evaluate complex problems, and participate more reflectively
in multicultural academic settings. In this sense, complex thinking may support some of
the cognitive conditions associated with global citizenship, such as perspective-taking,
ethical judgment, and the interpretation of social and cultural complexity. Future research
should examine these links directly by including specific measures of global citizenship,
inclusion, and intercultural participation [50–52].

Implications

From a theoretical standpoint, the study contributes to the understanding of complex
thinking as a context-sensitive competence in graduate education. The results do not
suggest that complex thinking develops in the same way for all students or that its dimen-
sions are perceived with equal intensity. Instead, they show that students’ self-perception
of systemic, scientific, critical, and innovative thinking may vary according to academic
progression and national trajectories. This adds an intercultural layer to the discussion of
complex thinking, complementing Morin’s view of complexity as an integrative way of
articulating knowledge and Tobón’s approach to complex competence as a relationship
between knowledge, action, and reflection [1,7].

For international master’s programs, the findings point to the importance of making
complex thinking an explicit part of curriculum design. Students in multicultural graduate
environments are not only learning disciplinary content. They are also learning how to
interpret unfamiliar perspectives, evaluate evidence across different academic traditions,
and participate in shared intellectual work with peers from diverse backgrounds. In this
sense, complex thinking can be supported through learning experiences that combine
research practice, interdisciplinary dialog, metacognitive reflection, and opportunities for
students to test ideas in collaborative settings.

At a practical level, the results suggest several areas for curricular attention. Since sys-
temic and critical thinking appeared as relatively stronger dimensions, graduate programs
could use these strengths as a basis for more demanding integrative tasks. At the same
time, the comparatively lower scores in scientific and innovative thinking indicate the value
of reinforcing methodological reasoning and solution-oriented work. This could be ad-
dressed through short research seminars, guided metacognitive journals, interdisciplinary
micro-projects, and structured activities where students move from problem analysis to
evidence-based proposal design. These actions do not require a major redesign of the
curriculum, but they can help make complex thinking more visible and intentional within
graduate training.

The differences by nationality also have implications for the management of interna-
tional classrooms. They suggest the need to avoid assuming that all students enter the
program with the same expectations about participation, argumentation, creativity, or
self-evaluation. Faculty can support more equitable academic participation by making
discussion norms explicit, rotating roles in collaborative work, and creating spaces where
different ways of reasoning can be recognized without turning cultural difference into a
deficit. Used carefully, periodic feedback on the four dimensions of complex thinking could
also help programs identify areas where students feel more or less confident and adjust
academic support accordingly.
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The semester-related findings offer another useful implication, although they should
be interpreted cautiously. Since the study is cross-sectional, the observed differences cannot
be taken as proof of individual development over time. Even so, they suggest that programs
may benefit from monitoring how students perceive their cognitive development across
the graduate trajectory. Mid-program and end-program feedback could help identify
whether students feel increasingly able to integrate evidence, evaluate complex problems,
and generate alternative solutions. This kind of monitoring would be especially useful if
combined with performance-based evidence in future evaluations.

The findings also have broader implications for international graduate education as a
space for citizenship formation. Although global citizenship, equity, and inclusion were not
measured as study variables, the results suggest that complex thinking may support some of
the cognitive conditions needed for intercultural dialog, ethical judgment, and meaningful
participation in diverse academic communities. In this sense, strengthening complex
thinking can contribute to educational environments where diversity is not treated as a
deficit but as a formative resource for democratic and globally oriented learning [48,50,52].

6. Conclusions
This study examined self-perceived complex thinking among international master’s

students at a Japanese university, with attention to differences associated with nationality
and academic semester. The results showed moderately high levels of self-perceived
complex thinking, although the four dimensions were not perceived with the same intensity.
Systemic and critical thinking appeared as relatively stronger dimensions, while scientific
and innovative thinking showed slightly lower scores. Differences by nationality and
academic semester suggest that students’ perceptions of complex thinking are associated
with cultural and academic trajectories. However, these associations should be interpreted
cautiously due to the cross-sectional and self-report nature of the study.

The main contribution of this research lies in showing that complex thinking in in-
ternational graduate education should not be approached as a uniform or purely abstract
competence. It can also be examined as a multidimensional and context-sensitive form of
perceived cognitive development. This is especially relevant for multicultural graduate
programs, where students bring different educational backgrounds, academic expectations,
and ways of interpreting their own learning. By using the eComplexity instrument and a
nonparametric multivariate approach, the study provides a basis for examining how sys-
temic, scientific, critical, and innovative thinking are perceived across academic progression
and cultural trajectories in international graduate programs.

Several limitations should be considered. The cross-sectional design does not allow
the study to establish individual development over time. The use of self-report data means
that the findings refer to perceived competence rather than objective performance, and
responses may be influenced by cultural norms of self-presentation, confidence, modesty,
language familiarity, or response style. In addition, although the quantitative design
allowed the study to identify patterns across a large and culturally diverse sample, it did
not capture the textual, visual, or narrative forms through which students may express the
meaning of complex thinking in their academic experience.

The unequal distribution of national groups also limits the interpretation of some
comparisons, even though post hoc analyses were restricted to groups with a minimum
number of participants. Future research should incorporate longitudinal designs, more
balanced samples, and performance-based measures of complex thinking. It would also be
valuable to include mixed or qualitative approaches to examine how students make sense
of complex thinking in culturally diverse learning environments. Finally, future studies
could directly analyze the relationship between complex thinking, global citizenship, inclu-
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sion, and intercultural participation, since these links were discussed here as educational
implications rather than measured outcomes.

In conclusion, international graduate education offers a valuable setting for under-
standing how students perceive complex thinking in culturally diverse academic environ-
ments. This study contributes to that discussion by showing that self-perceived complex
thinking varies across dimensions and is associated with students’ academic and cultural
trajectories. These findings can support more intentional approaches to graduate education,
where complex thinking is not assumed as an automatic result of advanced study but
cultivated through deliberate pedagogical and institutional practices.
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