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Abstract

Background: The transition toward sustainable development models has increased the
relevance of the circular economy (CE) as a strategy for improving resource efficiency
and reducing environmental impacts. In this context, higher education may contribute to
strengthening sustainability-oriented competencies and environmental awareness among
university students. Methods: This study aimed to assess differences in knowledge of the
circular economy, perceptions regarding higher education in circular economy education,
and sustainability dimensions among university students in Peru, Colombia, and Mexico.
A quantitative, non-experimental, cross-sectional design was adopted using a structured
questionnaire administered to 702 university students. The analysis included descriptive
statistics, the Kruskal–Wallis test, and Dunn’s post hoc comparisons. Results: The results
showed significant differences among countries regarding knowledge of CE principles,
sustainability initiatives, and perceptions associated with higher education in circular
economy education. Peruvian students generally reported higher levels of knowledge and
more positive perceptions across several indicators, whereas Mexican students presented
comparatively lower scores. Differences were also identified across the environmental,
social, and economic dimensions of sustainability, particularly in the economic dimension.
Conclusions: Overall, the findings suggest that higher education may support the develop-
ment of CE-related competencies and sustainability-oriented educational strategies within
diverse Latin American contexts.

Keywords: circular economy; sustainability education; higher education; environmental
governance; student perceptions

1. Introduction
Growing pressure on natural resources, climate change, and environmental degrada-

tion has intensified the need to transition toward more sustainable development models
capable of balancing economic growth, social well-being, and environmental protection.
Within this context, the circular economy (CE) has emerged as a strategic approach aimed
at improving resource efficiency, reducing waste generation, and promoting regenerative
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production and consumption systems (Faggini et al. 2023; Kharat et al. 2025). Unlike the
traditional linear economic model based on extraction, consumption, and disposal, the CE
seeks to extend material life cycles and optimize resource use through recycling, reuse, and
sustainable innovation. This transition is particularly relevant in Latin America, where
economies continue to rely heavily on extractive activities and where waste management
systems remain limited. For example, only 2.2% of municipal solid waste in the region is
managed through formal recycling systems (Ospina-Mateus et al. 2023). In addition, the
strong participation of informal sectors in waste management activities reflects persistent
institutional and environmental governance challenges (Gallego-Schmid et al. 2024).

In response to these challenges, higher education institutions have gained increasing
relevance as spaces for promoting sustainability-oriented competencies and supporting
environmental awareness among future professionals. Universities contribute not only
through knowledge transmission but also through the development of critical thinking,
responsible decision-making, and innovation capacities associated with sustainability
transitions. Consequently, sustainability education has become an increasingly impor-
tant component of higher education systems, particularly in relation to environmental
governance and sustainable development policies (Biancardi et al. 2023; Deda et al. 2022).

Although concepts such as environmental education (EE), education for sustainable
development (ESD), and circular economy education (CEE) are frequently interconnected
in the literature, they represent distinct educational approaches. Environmental education
has traditionally focused on promoting ecological awareness and pro-environmental behav-
ior (Kopnina 2022). In contrast, education for sustainable development adopts a broader
perspective that integrates environmental, social, and economic dimensions into educa-
tional processes and decision-making (United Nations Department of Economic and Social
Affairs 2023). Circular economy education specifically emphasizes competencies related
to resource efficiency, regenerative systems, waste reduction, and circular production–
consumption practices (Deda et al. 2022; Waite et al. 2024). While these approaches share
common sustainability objectives, their conceptual orientations and practical implications
differ. The limited differentiation among these concepts has generated inconsistencies in
the literature and restricted the understanding of how sustainability-related competencies
are internalized in educational contexts (Wardani et al. 2025).

In this study, sustainability is approached as a multidimensional construct integrat-
ing environmental, social, and economic dimensions associated with responsible resource
management and long-term societal well-being. Within this framework, environmental edu-
cation (EE), education for sustainable development (ESD), and circular economy education
(CEE) are considered complementary but conceptually distinct educational perspectives.
EE primarily emphasizes ecological awareness and pro-environmental behavior, whereas
ESD incorporates broader sustainability-oriented competencies linked to social, economic,
and environmental decision-making processes. In contrast, CEE specifically focuses on
competencies related to resource efficiency, waste reduction, regenerative systems, and
circular production–consumption models. From this perspective, higher education insti-
tutions are understood as strategic spaces for the development of sustainability-oriented
knowledge, attitudes, and competencies associated with circular economy principles and
environmental governance.

The study is conceptually grounded in sustainability education and circular economy
education approaches, which consider higher education institutions as strategic environ-
ments for developing sustainability-oriented competencies, environmental awareness, and
responsible decision-making processes. From this perspective, universities play an im-
portant role in shaping students’ knowledge and perceptions regarding circular economy
principles and sustainability practices within diverse social and institutional contexts.
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International evidence indicates that the incorporation of sustainability and circular
economy principles into higher education remains uneven across countries and educational
systems. Studies conducted in India, China, and several European countries report impor-
tant limitations in students’ understanding of sustainability and CE concepts, particularly
in contexts where curriculum integration remains insufficiently consolidated (Green 2022;
Venugopal and Kour 2021; Virsta et al. 2020; Xie 2021). At the same time, recent studies
suggest that innovative pedagogical approaches—including STEM methodologies, partic-
ipatory learning, and game-based educational strategies—can strengthen sustainability
competencies and environmental awareness among university students (Hamid et al. 2024;
Larbi et al. 2024; Premthaisong and Chaipidech 2023; Waite et al. 2024). These findings
indicate that the effectiveness of sustainability education depends not only on curriculum
inclusion but also on institutional support and pedagogical implementation processes.

In Latin America, the incorporation of circular economy principles into public policy
and educational systems has advanced unevenly. Countries such as Colombia and Mexico
have promoted national strategies aimed at improving resource efficiency and integrating
sustainability into development policies (MADS 2024; SEMARNAT 2024). Similarly, Peru
has implemented initiatives associated with green growth and sustainable resource man-
agement (Ministerio del Ambiente 2016). Despite these advances, important challenges
persist regarding the institutionalization of sustainability education, coordination between
environmental policies and educational systems, and the effective integration of CE princi-
ples into university curricula. These differences suggest that students’ understanding of
sustainability and circular economy principles may vary substantially according to national
and institutional contexts.

The Sustainable Development Goals (SDGs) have further reinforced the importance of
higher education in promoting sustainability-oriented competencies and environmentally
responsible practices (United Nations Department of Economic and Social Affairs 2023).
Universities are increasingly recognized as relevant educational spaces for promoting
sustainability-oriented competencies, environmental awareness, and responsible decision-
making among students (Haase et al. 2024; Kankanamge 2023). However, empirical
evidence regarding how university students perceive the role of higher education in circular
economy education across different Latin American contexts remains limited.

Despite growing academic interest in circular economy education, important gaps
persist in the literature. Existing studies have predominantly focused on descriptive or
country-specific analyses, with limited comparative evidence examining how differences
in educational systems and institutional frameworks influence students’ knowledge and
perceptions regarding sustainability and circular economy principles across Latin American
countries (Ospina-Mateus et al. 2023; Padilla-Rivera et al. 2024; Wardani et al. 2025). Fur-
thermore, limited attention has been paid to the relationship between circular economy ed-
ucation and environmental governance within higher education contexts (Gallego-Schmid
et al. 2024; Waite et al. 2024).

In this regard, there remains insufficient empirical evidence regarding the extent to
which higher education contributes to the internalization of circular economy principles
among university students in Latin America. Understanding these differences is particu-
larly relevant for the design of educational strategies and sustainability-oriented policies
adapted to diverse institutional contexts.

These conceptual distinctions are particularly relevant for understanding how
sustainability-related competencies and circular economy principles are interpreted and
internalized within higher education contexts in Latin America.

Based on these conceptual perspectives, the study assumes that differences in students’
knowledge regarding circular economy principles, perceptions of higher education in
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sustainability-oriented education, and sustainability-related dimensions may vary across
national and educational contexts. Consequently, the study proposes a set of comparative
hypotheses intended to examine these differences among university students in Peru,
Colombia, and Mexico.

Therefore, this study aims to assess differences in knowledge of the circular economy,
perceptions regarding higher education in circular economy education, and sustainability
dimensions among university students in Peru, Colombia, and Mexico. Specifically, the
study examines perceptions related to the environmental, social, and economic dimensions
of sustainability, as well as the perceived role of higher education in circular economy
education.

Based on this objective, the following hypotheses are proposed:

H1. Significant differences exist among university students in Peru, Colombia, and Mexico
regarding knowledge of circular economy principles and sustainability-related concepts.

H2. Significant differences exist among university students in Peru, Colombia, and Mexico
regarding perceptions of the role of higher education in circular economy education.

H3. Significant differences exist among university students in Peru, Colombia, and Mexico
regarding sustainability-related environmental, social, and economic dimensions.

2. Materials and Methods
2.1. Study Design

This study adopted a quantitative approach with a non-experimental, cross-sectional,
and descriptive-comparative design. Data were collected at a single point in time to
analyze differences in university students’ perceptions of the circular economy (CE) and
sustainability across three Latin American countries: Peru, Colombia, and Mexico.

The analytical approach adopted in this study was informed by sustainability edu-
cation and circular economy education perspectives, which frame higher education insti-
tutions as relevant contexts for the development of sustainability-oriented competencies,
environmental awareness, and responsible decision-making processes. These perspectives
guided the definition of the analytical dimensions and the interpretation of students’ knowl-
edge and perceptions regarding circular economy principles and sustainability practices.

The study focused on three analytical dimensions considered relevant for understand-
ing the role of higher education in sustainability transitions: (i) the level of knowledge
regarding the circular economy and sustainability, (ii) the perceived role of higher educa-
tion in circular economy education, and (iii) students’ perceptions of the environmental,
social, and economic dimensions of sustainability. These dimensions were analyzed to
explore how higher education may contribute to the development of sustainability-related
competencies and the promotion of circular economy principles within university contexts.

2.2. Participants

The sample consisted of 702 university students enrolled in higher education institu-
tions in Peru, Colombia, and Mexico. Participants were selected through non-probabilistic
convenience sampling based on voluntary participation and accessibility to the target
population. This sampling strategy was considered appropriate given the exploratory
and comparative nature of the study and has been widely applied in previous research
examining sustainability perceptions within educational contexts.

The sample included students from diverse academic disciplines, including busi-
ness administration, international business, accounting, law, economics, engineering, and
marketing, allowing for the inclusion of heterogeneous academic perspectives regarding
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sustainability and circular economy education. Sociodemographic variables such as coun-
try of residence, gender, age group, field of study, and year of study were collected to
characterize the sample and contextualize the comparative analyses (Table 1).

Table 1. Sociodemographic characteristics of the participants.

N Percentage (%)

Country
Colombia 110 15.67
Mexico 282 40.17
Peru 310 44.16

Gender
Woman 378 53.85
Men 323 46.01
Others 1 0.14

Age group
Ages 18 to 20 408 58.12
Ages 21 to 23 193 27.49
Aged 24 to 26 50 7.12
27 years and older 51 7.26

Vocational schools
Business Administration 110 15.67
International Business Administration 61 8.69
Accounting 33 4.7
Law 106 15.1
Economics 33 4.7
Systems Engineering 90 12.82
Industrial Safety Engineering 10 1.42
Industrial Engineering 57 8.12
Marketing 151 21.52
Others 51 7.26

Year of study
First year 222 31.62
Second year 119 16.95
Third year 83 11.82
Fourth year 127 18.09
Fifth year 151 21.51

Total 702 100.00
Source: Compiled by the authors based on information obtained from the questionnaires.

2.3. Instruments

Data were collected using a structured questionnaire adapted from the instrument
proposed by Soto-Solier et al. (2023). The questionnaire was reviewed by specialists
in sustainability education and environmental management to evaluate the conceptual
relevance, clarity, and contextual adequacy of the items for application within the Latin
American higher education context.

The instrument included items measured on a seven-point Likert scale ranging from
1 (“Strongly disagree”) to 7 (“Strongly agree”). The questionnaire assessed three main
dimensions: (i) knowledge regarding the circular economy, green growth, and SDGs; (ii) per-
ceptions regarding the role of higher education in circular economy education; and (iii) per-
ceptions related to the environmental, social, and economic dimensions of sustainability.

These analytical dimensions were operationalized through questionnaire items de-
signed to evaluate students’ knowledge of circular economy principles, perceptions regard-
ing the role of higher education in sustainability-oriented education, and sustainability-
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related environmental, social, and economic perspectives. The organization of the di-
mensions was conceptually aligned with sustainability education and circular economy
education approaches discussed in the Introduction Section.

To evaluate the internal consistency of the instrument, Cronbach’s alpha coefficients
were calculated for each analytical dimension. The results showed acceptable reliability
levels across all dimensions, with coefficients above the recommended threshold of 0.70,
indicating adequate internal consistency of the instrument (Table 2).

Table 2. Reliability analysis of the study dimensions.

Study Dimension Number of Items Cronbach’s α

Knowledge of Circular Economy 3 0.81
Role of Higher Education in CE 5 0.84
Environmental Dimension 3 0.79
Social Dimension 2 0.82
Economic Dimension 3 0.76

Source: Prepared by the authors.

The questionnaire was adapted from previous studies related to circular economy
and sustainability education and was reviewed by specialists in sustainability and environ-
mental management to ensure conceptual consistency, content relevance, and contextual
adequacy across the three countries analyzed. Given the comparative and exploratory
nature of the study, construct validity was primarily assessed through expert review and
internal consistency analysis. The wording of the questionnaire items was also revised to
ensure linguistic clarity and cultural equivalence across Peru, Colombia, and Mexico.

Prior to data collection, minor wording adjustments were made to improve clarity and
consistency across the three national contexts.

2.4. Procedure

The questionnaire was administered digitally using Google Forms and Microsoft
Forms platforms. Participation was voluntary and anonymous, and confidentiality of the
information was guaranteed throughout the data collection process.

Data collection was conducted during 2024. In Peru, the survey was applied between
March and August, whereas in Colombia and Mexico, data collection took place between
July and October. The inclusion criteria considered students who were legally adults,
currently enrolled in university programs related to management, business, economics,
engineering, or related fields, and willing to participate voluntarily in the study.

Once collected, the data were exported to Microsoft Excel and subjected to a data clean-
ing process that included the identification and correction of inconsistencies, incomplete
responses, and typographical errors to ensure database quality prior to statistical analysis.

2.5. Data Analysis

Statistical analyses were performed using R version 4.6.0 (R Core Team, Vienna,
Austria), via the RStudio integrated development environment (version 2026-04-24 ucrt).
Initially, descriptive statistics were calculated to summarize students’ responses across
the study dimensions. Subsequently, the Shapiro–Wilk normality test was applied to
evaluate the distribution of the data within each country. The results indicated violations
of the normality assumption (Colombia: p = 0.0001; Mexico: p = 0.0003; Peru: p = 0.0005),
supporting the use of non-parametric statistical procedures.

Consequently, the Kruskal–Wallis test was employed to identify statistically significant
differences among countries regarding knowledge of the circular economy, sustainability
education, and perceptions of the environmental, social, and economic dimensions of
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sustainability. When significant differences were identified, post hoc pairwise comparisons
were conducted using Dunn’s test with adjusted p-values.

Additionally, effect sizes (r) were estimated to assess the magnitude of the observed
differences. Following conventional interpretation criteria, values around 0.10 were consid-
ered small effects, values near 0.30 moderate effects, and values above 0.50 large effects.
Statistical significance was established at p < 0.05.

2.6. Ethical Considerations

This study was conducted in accordance with the ethical principles established in the
Declaration of Helsinki (World Medical Association [1975] 2013). The research protocol
was reviewed by the Research Ethics Committee of the Universidad Tecnológica del Perú
(UTP) (2023) under authorization code INV-MA001 on 8 April 2023.

Due to the non-experimental nature of the study, the anonymous treatment of the data,
and the absence of sensitive personal information, the committee determined that formal
ethical approval was not required. Participation was entirely voluntary, and informed
consent was obtained from all participants before completing the questionnaire. The confi-
dentiality and anonymity of the collected information were strictly protected throughout
the research process.

2.7. Use of Artificial Intelligence Tools

During the preparation of this manuscript, the authors used ChatGPT (OpenAI, GPT-5
architecture) for the purposes of language editing, paraphrasing, and enhancing the clarity
and coherence of the academic writing. The authors reviewed, validated, and edited the
generated content and take full responsibility for the content of this publication.

3. Results
3.1. Level of Knowledge Regarding the Circular Economy and Sustainability

The descriptive analysis revealed differences among university students in Peru,
Colombia, and Mexico regarding their level of knowledge about the circular economy (CE),
sustainability initiatives, and the SDGs. Overall, students from Peru reported the highest
scores across most indicators, whereas students from Mexico generally presented lower
scores. Colombia showed intermediate values across the analyzed dimensions (Table 3).

Table 3. Descriptive statistics on knowledge of the circular economy and sustainability.

Peru Mexico Colombia
N = 310 N = 282 N = 110

Mean S.D. Mean S.D. Mean S.D.

Level of knowledge of CE

Knowledge of the Circular Economy 3.62 1.83 2.73 1.6 2.69 1.64

Knowledge of national sustainability initiatives (Peru)
3.77 1.79 2.35 1.53 3.34 1.76Secretariat of the Environment and Natural Resources (Mexico)

National CE Strategy (Colombia)

Knowledge of the Sustainable Development Goals (SDGs) 4.43 1.84 3.22 1.76 4.06 2.09

Note: Peru: Green Growth; Mexico: Ministry of Environment and Natural Resources; Colombia: National Circular
Economy Strategy. S.D. = Standard Deviation. Source: Compiled by the authors.

Peruvian students reported higher mean scores regarding knowledge of CE principles,
green growth initiatives, and the SDGs compared to students from Colombia and Mexico.
In contrast, Mexican students presented comparatively lower levels of knowledge across
several indicators associated with sustainability and CE-related concepts.
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The distribution of responses showed a greater concentration of positive evalua-
tions among Peruvian students, whereas responses from Mexico and Colombia presented
comparatively higher variability. These patterns indicate differences in students’ levels
of exposure to sustainability-related educational content across the analyzed countries
(Figure 1).

Figure 1. Distribution of knowledge levels regarding the circular economy and sustainability.

Overall, the descriptive findings suggest differences among countries regarding
knowledge of CE and sustainability-related concepts, providing preliminary support for
Hypothesis 1.

3.2. Perceptions Regarding the Role of Higher Education in Circular Economy Education

The results showed generally positive perceptions regarding the incorporation of
sustainability and circular economy principles into higher education across the three
countries. However, differences were identified in the extent to which students perceived
these topics as effectively integrated into university education (Table 4).

Peruvian students reported higher scores regarding the incorporation of sustainability
and CE-related content into academic training. In contrast, students from Mexico presented
comparatively lower scores across several indicators associated with sustainability-oriented
education, whereas Colombia showed intermediate values.
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Table 4. Descriptive statistics on perceptions regarding higher education in circular economy education.

Peru Mexico Colombia
N = 310 N = 282 N = 110

Mean S.D. Mean S.D. Mean S.D.

Role of Higher Education in Circular Economy Education

Need for additional training in circular economy. 5.77 1.47 5.66 1.62 5.6 1.67

Early childhood education should be included in the 5.9 1.39 5.59 1.48 5.76 1.55curriculum to improve my entrepreneurial skills.

University departments that train professionals should 5.89 1.3 5.42 1.44 5.41 1.73include training in CE.

Business professionals can contribute to solving environmental 5.76 1.38 5.5 1.35 5.64 1.52problems through circular economy practices.

Education provides training in CE-related knowledge. 5.61 1.45 5.12 1.64 5.32 1.73
Note: S.D. = Standard Deviation. Source: Compiled by the authors.

The findings also revealed differences in students’ perceptions regarding the con-
tribution of universities to environmental awareness, sustainable decision-making, and
environmentally responsible practices. Overall, the results indicate variability in how
CE-related content is perceived within higher education across the analyzed contexts
(Figure 2).

Figure 2. Distribution of perceptions regarding higher education in circular economy education.

Taken together, the descriptive results provide preliminary support for Hypothesis 2,
indicating differences among countries regarding students’ perceptions of the role of higher
education in circular economy education.

3.3. Perceptions of the Environmental, Social, and Economic Dimensions of Sustainability

The analysis of the environmental, social, and economic dimensions showed generally
positive perceptions of sustainability among university students across the three countries.
Nevertheless, differences were identified in the magnitude and distribution of responses
according to dimension and national context (Table 5).
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Table 5. Descriptive statistics on perceptions of sustainability dimensions.

Peru Mexico Colombia
N = 310 N = 282 N = 110

Mean S.D. Mean S.D. Mean S.D.

Environmental dimension

New technologies should be developed to reduce the impact of 6.09 1.22 5.85 1.42 5.64 1.57harmful by-products of production.

Biodiversity should be maintained in the local environment. 6.22 1.19 6.18 1.23 5.93 1.37

Waste recycling. 6.35 1.14 6.4 1.13 6.1 1.53

Social dimension

Helping to prevent hunger and disease. 6.26 1.14 6.26 1.14 6.15 1.37

Social progress that recognizes the needs of all. 6.05 1.27 6.08 1.27 5.86 1.58

Economic dimension

Sustainable use of natural resources while maintaining critical 5.03 1.92 6.4 1.13 4.54 2.1natural capital.

High and stable levels of economic growth must be maintained. 5.77 1.3 5.34 1.45 5.59 1.56

Prioritize environmental sustainability in development decisions. 5.33 1.42 5.33 1.42 4.9 1.83

Note: S.D. = Standard Deviation. Source: Compiled by the authors.

In the environmental dimension, students reported high levels of agreement regarding
biodiversity conservation, recycling practices, and sustainable technologies. Peru presented
the highest scores across most environmental indicators, followed by Colombia and Mex-
ico. The social dimension also showed positive evaluations across countries, particularly
regarding social well-being, equity, and collective responsibility, with comparatively more
homogeneous responses across the analyzed contexts.

More pronounced differences were identified in the economic dimension. Students
from Mexico reported comparatively higher levels of agreement regarding sustainable
resource exploitation, whereas those from Peru presented higher evaluations concerning
sustainable economic growth. In contrast, Colombia showed more moderate scores across
several indicators associated with economic sustainability. Overall, the economic dimension
showed greater variability in responses across countries compared to the environmental
and social dimensions (Figure 3).

Taken together, the descriptive findings indicate differences among countries in the
environmental, social, and economic dimensions of sustainability, providing preliminary
support for Hypothesis 3.
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Figure 3. Distribution of perceptions across environmental, social, and economic sustainability dimensions.
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3.4. Inferential Analysis: Differences Between Countries

To further examine the differences among countries, inferential analyses were con-
ducted using the Kruskal–Wallis test. The results confirmed statistically significant differ-
ences across several dimensions analyzed in the study, particularly regarding knowledge
of CE principles, perceptions of higher education in circular economy education, and the
economic dimension of sustainability (p < 0.05) (Table 6).

Table 6. Results of the Kruskal–Wallis test.

Items H df p-Value

Knowledge of circular economy and sustainability

Knowledge of Circular Economy 93.79 2 <0.001

Knowledge of Green Growth (Peru)
42.78 2 <0.001Ministry of Environment and Natural Resources (Mexico)

National Circular Economy Strategy (Colombia)

Knowledge of Sustainable Development Goals (SDGs) 61.04 2 <0.001

Role of higher education in circular economy education

Need more circular economy education. 0.42 2 0.809

Circular economy education should be included in curricula to 7.71 2 0.021improve my entrepreneurial skills.

University departments preparing professionals should include 18.54 2 <0.001circular economy training.

Business professionals can contribute to solving environmental 8.25 2 0.016problems through circular economy practices.

Education enables training in circular economy knowledge. 13.55 2 0.001

Sustainability dimensions

New technologies should be developed to reduce the impact of 6.96 2 0.031harmful by-products of production.

Biodiversity must be maintained in the local environment. 4.41 2 0.110

Waste recycling. 2.96 2 0.227

Helping to prevent hunger and disease. 0.46 2 0.795

Social progress that recognizes the needs of all. 0.92 2 0.631

Sustainable use of natural resources while maintaining critical 28.92 2 <0.001natural capital.

Maintain high and stable levels of economic growth. 14.19 2 <0.001

Prioritize environmental sustainability in development decisions. 3.22 2 0.199
Source: Compiled by the authors.

Subsequent pairwise comparisons using Dunn’s post hoc test identified the strongest
differences between Peru and Mexico, whereas Colombia generally presented intermediate
values across the analyzed dimensions. Effect size estimates indicated predominantly
small-to-moderate effects, suggesting that the magnitude of differences varied according to
the analyzed dimension.

Overall, the inferential analyses confirmed statistically significant differences among
countries regarding CE knowledge, perceptions of higher education in CE education, and
the environmental, social, and economic dimensions of sustainability. These findings
provide statistical support for Hypotheses 1, 2, and 3.
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3.5. Post Hoc Analysis and Effect Size

The statistical analyses supported the three hypotheses proposed in the study (Table 7).

Table 7. Results of Dunn’s post hoc test and effect sizes.

Items Group 1 Group 2 Z-Value p-Value Effect Size

Knowledge of the Circular Economy
Colombia Mexico −5.038 0.000 *** −0.254
Colombia Peru 1.993 0.138 0.097
Mexico Peru 9.570 0.000 *** 0.393

About National CE Strategy/Environment
Secretariat

Colombia Mexico 0.221 1 0.011
Colombia Peru 4.638 0.000 *** 0.226
Mexico Peru 5.953 0.000 *** 0.244

Knowledge of the Sustainable
Development Goals (SDGs)

Colombia Mexico −3.926 0.000 *** −0.198
Colombia Peru 1.764 0.232 0.086
Mexico Peru 7.743 0.000 *** 0.318

I need more training on circular economy
Colombia Mexico 0.283 1 0.014
Colombia Peru 0.607 1 0.029
Mexico Peru 0.431 1 0.017

Circular economy education should be
included in the curricula to improve my
entrepreneurial skills

Colombia Mexico −1.535 0.373 −0.077
Colombia Peru 0.464 1 0.022
Mexico Peru 2.725 0.019 * 0.111

University departments that prepare
professionals should include circular
economy education

Colombia Mexico −0.810 1 −0.040
Colombia Peru 2.305 0.063 0.112
Mexico Peru 4.216 0.000 *** 0.173

Business professionals can contribute to
solving environmental problems through
circular economy practices

Colombia Mexico −1.492 0.407 −0.075
Colombia Peru 0.593 1 0.028
Mexico Peru 2.839 0.013 * 0.116

Education enables training in circular
economy knowledge

Colombia Mexico −1.464 0.429 −0.073
Colombia Peru 1.246 0.638 0.060
Mexico Peru 3.681 0.000 *** 0.151

New technologies must be developed to
reduce the impact of harmful by-products
of production

Colombia Mexico 1.311 0.569 0.066
Colombia Peru 2.522 0.034 * 0.123
Mexico Peru 1.610 0.321 0.066

Biodiversity should be maintained in the
local environment

Colombia Mexico 1.950 0.153 0.098
Colombia Peru 1.955 0.151 0.095
Mexico Peru −0.027 1 −0.001

Waste recycling
Colombia Mexico 1.623 0.313 0.082
Colombia Peru 0.791 1 0.038
Mexico Peru −1.150 0.749 −0.047

Helping to prevent hunger and disease
Colombia Mexico 0.461 1 0.023
Colombia Peru −0.003 1 −0.000
Mexico Peru −0.635 1 −0.026

Social progress that recognizes the needs
of all

Colombia Mexico 0.845 1 0.042
Colombia Peru 0.305 1 0.014
Mexico Peru −0.743 1 −0.030

Sustainable use of natural resources while
maintaining critical natural capital

Colombia Mexico −1.825 0.203 −0.092
Colombia Peru 2.133 0.092 0.104
Mexico Peru 5.372 0.000 *** 0.220

High and stable levels of economic growth
must be maintained

Colombia Mexico −2.028 0.127 −0.102
Colombia Peru 0.694 1 0.033
Mexico Peru 3.708 0.000 *** 0.152

Prioritize environmental sustainability in
development decisions

Colombia Mexico 1.586 0.337 0.080
Colombia Peru 1.730 0.250 0.084
Mexico Peru 0.166 1 0.006

Note: Statistical significance levels are indicated as follows: * p < 0.05, and *** p < 0.001. Effect size (r) represents
the magnitude of pairwise differences identified through Dunn’s post hoc test. Source: Compiled by the authors.
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Hypothesis 1 was supported, as statistically significant differences were identified
among countries regarding students’ knowledge of CE and sustainability-related concepts.
Hypothesis 2 was also supported, given the significant differences observed in students’
perceptions of the role of higher education in circular economy education. Finally, Hy-
pothesis 3 was supported through the identification of significant differences across the
environmental, social, and economic dimensions of sustainability.

Taken together, the findings indicate that students’ perceptions and levels of knowl-
edge regarding CE and sustainability vary across the analyzed Latin American contexts.

4. Discussion
The findings revealed significant differences among university students in Peru,

Colombia, and Mexico regarding knowledge of the CE, sustainability initiatives, and
the SDGs. Peruvian students generally reported higher levels of knowledge across most
indicators, whereas Mexican students presented comparatively lower scores. These results
are consistent with previous studies, indicating that the incorporation of sustainability
and CE principles into higher education remains uneven across countries and institutional
contexts (Green 2022; Venugopal and Kour 2021; Xie 2021). The observed differences may
reflect variations in curriculum integration, institutional support, and the degree to which
sustainability-related topics are incorporated into university education in each country.

The results also showed differences in students’ perceptions regarding the role of
higher education in circular economy education. Students from Peru reported compara-
tively more positive evaluations concerning the incorporation of CE-related content into
academic training, whereas lower scores were observed among students from Mexico.
These findings are consistent with studies suggesting that universities may contribute
to strengthening sustainability-oriented competencies when sustainability principles are
integrated into teaching practices and curriculum design (Deda et al. 2022; Waite et al.
2024). In this regard, the observed differences may reflect variations in students’ expo-
sure to sustainability-oriented educational content and learning experiences across the
analyzed contexts.

Another relevant finding concerns students’ perceptions of the environmental, social,
and economic dimensions of sustainability. The environmental dimension showed com-
paratively high levels of agreement across countries, particularly regarding biodiversity
conservation, recycling practices, and sustainable technologies. These results are consistent
with previous studies reporting growing environmental awareness among university stu-
dents in sustainability-related educational contexts (Hamid et al. 2024; Premthaisong and
Chaipidech 2023). In contrast, the economic dimension showed greater variability across
countries, particularly regarding the sustainable use of natural resources and economic
growth. This pattern may reflect differences in national sustainability priorities, economic
contexts, and educational approaches associated with sustainability and CE principles.

The comparatively homogeneous responses identified in the social dimension sug-
gest that issues related to equity, collective well-being, and social responsibility may be
more consistently recognized among students across the analyzed countries. Previous
studies have similarly reported that social sustainability dimensions are often more broadly
accepted within educational contexts than environmental or economic dimensions, par-
ticularly in Latin American settings characterized by shared social and developmental
challenges (Padilla-Rivera et al. 2024).

The inferential analyses confirmed statistically significant differences among countries
across several dimensions examined in the study. In particular, significant differences were
identified regarding knowledge of CE principles, sustainability initiatives, and percep-
tions related to higher education in circular economy education. These findings suggest
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that students’ perceptions and knowledge of sustainability-related concepts may vary
according to institutional and national educational contexts. However, the effect sizes
identified in several comparisons were predominantly small to moderate, indicating that
although differences exist among countries, the magnitude of these differences varies
across dimensions.

Taken together, the findings suggest that higher education may contribute to promoting
sustainability-oriented competencies and CE-related knowledge among university students.
Nevertheless, the effectiveness of these educational processes may depend on factors such
as curriculum integration, institutional support, pedagogical approaches, and the broader
educational context in which sustainability-related content is implemented. In this regard,
universities may support the development of sustainability-oriented educational practices
and learning processes adapted to diverse higher education contexts in Latin America.

This study presents several limitations that should be acknowledged. First, the use of
non-probabilistic convenience sampling limits the generalizability of the findings beyond
the analyzed sample. Second, the cross-sectional design does not allow causal inferences
regarding the relationship between higher education and students’ sustainability-related
perceptions or knowledge levels. Third, the study relied on self-reported perceptions,
which may be influenced by social desirability or subjective interpretation. Future studies
could incorporate probabilistic sampling methods, longitudinal approaches, and additional
institutional variables to further examine the development of CE-related competencies in
higher education contexts.

Despite these limitations, the study contributes to the literature by providing com-
parative evidence regarding university students’ knowledge and perceptions of CE and
sustainability across three Latin American countries. The findings may contribute to fu-
ture research and educational initiatives aimed at strengthening sustainability-oriented
competencies and the incorporation of CE-related content within higher education contexts.

5. Conclusions
This study identified significant differences among university students in Peru, Colom-

bia, and Mexico regarding knowledge of the CE, sustainability initiatives, and the SDGs.
Peruvian students generally reported higher levels of knowledge across most indicators,
whereas students from Mexico presented comparatively lower scores. These findings
suggest that students’ understanding of CE and sustainability-related concepts may vary
according to national and educational contexts.

The results also revealed differences in students’ perceptions regarding the role of
higher education in circular economy education. Students from Peru reported compara-
tively more positive evaluations concerning the incorporation of sustainability and CE-
related content into academic training. These findings indicate that the integration of
sustainability-oriented educational strategies may differ across higher education contexts
in Latin America.

Regarding sustainability dimensions, the environmental dimension showed compar-
atively high levels of agreement across the analyzed countries, particularly in relation to
biodiversity conservation, recycling practices, and sustainable technologies. In contrast,
the economic dimension presented greater variability among countries, suggesting differ-
ences in how students perceive the relationship between economic growth, resource use,
and sustainability.

The inferential analyses confirmed statistically significant differences among countries
across several dimensions examined in the study, providing support for the proposed hypothe-
ses. However, the observed effect sizes were predominantly small to moderate, indicating
that the magnitude of these differences varied according to the analyzed dimension.
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Overall, the findings suggest that higher education may contribute to strengthen-
ing sustainability-oriented competencies and CE-related knowledge among university
students. Nevertheless, the effectiveness of these educational processes may depend on cur-
riculum integration, institutional support, and the implementation of sustainability-related
educational strategies within different university contexts.

Despite its limitations, this study contributes comparative evidence regarding uni-
versity students’ knowledge and perceptions of CE and sustainability across three Latin
American countries. The findings may inform future educational initiatives and research
aimed at strengthening the integration of CE-related content and sustainability-oriented
competencies within higher education contexts.
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