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ABSTRACT

The circular economy (CE) is a key alternative in the face of current environmental and
production-related challenges. Its teaching requires pedagogical approaches that integrate
theory, practice, and critical reflection. In this study, a course was designed that not only
delivered theoretical content, but also strengthened students’ ability to apply the CE as a
framework for innovation, sustainability, and responsible decision-making. This university
course was based on constructive alignment and participatory action research; it included
lectures, guided discussions, collaborative work, and practical activities. The methodology
was grounded in constructive alignment, ensuring that each activity and assessment
corresponded to the established learning objectives. In addition, the methodology
incorporated the use of PLS-SEM, a technique suitable for analyzing complex models based
on perceptions through latent constructs derived from the empirical data collected, which
made it possible to rigorously evaluate the relationships among the model’s variables and
provide statistical evidence of their consistency. The authors observed that the course
enabled students to connect the principles of social entrepreneurship with solutions to real-
world problems, while also highlighting the relevance of social and educational variables as
driving factors for integrating CE into higher education. Furthermore, education for social
entrepreneurship is supported by learning theories and adaptive technologies that facilitate
personalized learning experiences. The findings of this investigation align with these
methodologies, since they reside within statistically acceptable parameters, hence reinforcing
the validity of the suggested model.
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RESUMO

A economia circular (EC) constitui uma alternativa fundamental diante dos atuais desafios
ambientais e produtivos. Seu ensino requer abordagens pedagogicas que integrem teoria,
pratica e reflexao critica. Neste estudo, foi elaborado um curso que n&o apenas transmitiu
conteudos tedricos, mas também fortaleceu a capacidade dos estudantes de aplicar a EC
como um referencial para inovagao, sustentabilidade e tomada de decisbes responsaveis.
Este curso universitario baseou-se no alinhamento construtivo e na pesquisa-acao
participativa; incluiu aulas, discussbes orientadas, trabalho colaborativo e atividades
praticas. A metodologia fundamentou-se no alinhamento construtivo, garantindo que cada
atividade e avaliagado correspondesse aos objetivos de aprendizagem estabelecidos. Além
disso, a metodologia incorporou o uso de PLS-SEM, uma técnica adequada para analisar
modelos complexos baseados em percepgdes por meio de construtos latentes derivados dos
dados empiricos coletados, o que possibilitou avaliar de forma rigorosa as relagdes entre as
variaveis do modelo e fornecer evidéncias estatisticas de sua consisténcia. Os autores
observaram que o0 curso permitiu aos estudantes relacionar os principios do
empreendedorismo social com solugdes para problemas do mundo real, a0 mesmo tempo
em que destacou a relevancia das variaveis sociais e educacionais como fatores
impulsionadores para integrar a EC ao ensino superior. Além disso, a educagao para o
empreendedorismo social € sustentada por teorias da aprendizagem e por tecnologias
adaptativas que facilitam experiéncias de aprendizagem personalizadas. Os achados desta
investigacado estdo alinhados com essas metodologias, uma vez que se situam dentro de
parametros estatisticamente aceitaveis, reforgcando, assim, a validade do modelo proposto.

Palavras-chave: Inovagdo e Natureza. Design Circular. Servicos e Recursos Circulares.
Impacto Social. PLS-SEM.

RESUMEN

La economia circular (EC) constituye una alternativa clave frente a los actuales desafios
ambientales y productivos. Su ensefianza requiere enfoques pedagdgicos que integren
teoria, practica y reflexion critica. En esta investigacion, se diseiid un curso que no solo
transmitia contenidos tedricos, sino que también fortalecié la capacidad de los estudiantes
para aplicar la EC como un marco de innovacién, sostenibilidad y toma de decisiones
responsables. Este curso universitario se bas6é en el alineamiento constructivo y la
investigacion-accion participativa; incluyé clases, discusiones guiadas, trabajo colaborativo
y actividades practicas. La metodologia se fundamentd en el alineamiento constructivo,
garantizando que cada actividad y evaluacién correspondiera a los objetivos de aprendizaje
establecidos. Por otra parte, la metodologia incorpora el uso de PLS-SEM, una técnica
adecuada para analizar modelos complejos basados en percepciones mediante constructos
latentes derivados de los datos empiricos recopilados, permitié evaluar de manera rigurosa
las relaciones entre las variables del modelo y aportar evidencia estadistica sobre su
consistencia. Los autores observaron que el curso permitié a los estudiantes relacionar los
principios del emprendimiento social con soluciones a problematicas del mundo real, al
tiempo que destacd la relevancia de las variables sociales y educativas como factores
impulsores para integrar la EC en la educacion superior. Ademas, la educacion para el
emprendimiento social se sustenta en teorias del aprendizaje y en tecnologias adaptativas
que facilitan experiencias de aprendizaje personalizadas. Los hallazgos de esta
investigacion se alinean con estas metodologias, ya que se situan dentro de parametros
estadisticamente aceptables, reforzando asi la validez del modelo propuesto.
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1 INTRODUCTION

The circular economy (CE) has become established as an essential approach to
addressing current environmental and production challenges. Its interdisciplinary nature
makes it an ideal field for university education, as it connects theory with practice and fosters
critical reflection. With this purpose in mind, an introductory course was designed for students
unfamiliar with the concept, structured in dynamic modules that combined lectures, class
discussions, and practical activities. The methodology was based on constructive alignment,
ensuring that each activity and assessment responded to the stated learning objectives. The
central strategy was participatory action research, which promoted collaborative work and
constant feedback, allowing students to develop analytical and practical skills. In this way,
the course not only conveyed theoretical content but also strengthened the ability to apply
the CE as a strategy for innovation and sustainability.

The purpose of the course was to provide a comprehensive overview of the circular
economy (CE). Since most students were unfamiliar with this concept, an approach was
designed that combined different perspectives and disciplines. The CE was presented as a
system that connects environmental, economic, and innovative aspects, highlighting both its
theoretical foundations and its practical applications in reducing impacts and using resources
efficiently.

The curriculum was structured in 90-minute modules and aimed to address the diverse
interests and backgrounds of the students. It began with an introductory lecture, followed by
interactive activities, class discussions, and fieldwork to connect theory with practice. The
sessions concluded with group reflections that fostered critical thinking about the topic.

The pedagogical strategy was based on the principle of “constructive alignment,”
which allowed teaching and assessment activities to be directly linked to learning objectives.
A problem-based learning approach was used, with collaborative work and continuous
feedback, so that students could apply concepts and improve their proposals throughout the
course. The readings included both classic texts and recent critical literature, ensuring a solid
and up-to-date foundation.

Finally, all assessments were conducted in class and focused on presentations that
demonstrated how students integrated the knowledge they had acquired. In this way, the
course not only conveyed content but also fostered analytical, reflective, and practical skills
aligned with the interdisciplinary nature of the circular economy.

Teaching students about the Circular Economy is the starting point for activating more
robust cognitive processes, which in turn strengthen the social dimension, understood as the

capacity for interaction, commitment, and collective action. This connection extends to a
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fourth dimension—environmental impact—which allows for the translation of acquired

knowledge into tangible circularity practices in academic and community contexts.

2 THEORETICAL FRAMEWORK
2.1 EDUCATIONAL IMPACT

Unlike the study published in 2022, where educational impact was conceived as the
result of social and cognitive dimensions, the present model takes educational impact as its
central axis. Vallaeys (2016), a recognized international authority on University Social
Responsibility (USR), proposed a model structured around organizational, cognitive, social,
and educational effects. Based on this framework, our previous research, published in
“Dilemas contemporaneos: Educacién, Politicas y Valores” (Morejon Molina; Espitia;
Montalvo-Morales, 2022), analyzed the relationships between these impacts using the PLS-
SEM technique. The results demonstrated that organizational and cognitive impacts influence
social effects, which, in turn, has a positive and significant effect on educational impact.

This article takes this finding as a starting point, positioning educational impact,
previously considered an outcome, as the initial factor that drives cognitive understanding,
social interaction, and the development of skills related to the Circular Economy.

From this perspective, the study seeks to integrate the social dimensions identified by
Padilla-Rivera et al. (2020) as an essential, but underexplored component of the circular
economy, within an educational framework that links learning outcomes with social and

cognitive impacts.

2.2 CONCEPTUAL MODEL/EXPERIMENTAL MODEL

To structure the final conceptual model (Figure 1), the trajectories between the
constructs were first defined. Subsequently, the hypothetical relationships between
constructs F1, F2, F3, and F4 with F5 were identified, thus formulating the six hypotheses of
the study.

Figure 1 shows in greater detail the relationship between the different constructs

analyzed, corresponding to the six hypotheses proposed in this research.
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Figure 1
Conceptual Model
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Source: Prepared by the authors themselves.

2.3 INNOVATION AND NATURE “BIOMIMESIS”

Several authors have conducted in-depth analyses of different notions of biomimicry
and have written extensively on theoretical and philosophical aspects (Riechmann, 2003;
Vincent et al., 2006; Benyus, 2012; Dicks, 2015; Blok and Gremmen, 2016). In defining what
the word biomimicry designates, current environmental problems tend to be considered the
very justification for innovation inspired by natural systems. The natural reference point itself
becomes part of the formula for innovating without harming nature. Some of the popular
associated definitions are the conscious emulation of the ingenuity of life, or innovation
inspired by nature (Benyus, 2012). It is understood as an approach to innovation that seeks
sustainable solutions to human challenges by emulating patterns and strategies proven by
nature by imitating the functional bases of biological forms, processes and systems to
produce sustainable solutions, noted as a rapidly growing discipline that identifies, analyzes,
and adapts natural strategies to solve technological problems (Pawlyn, 2011)

The Ellen Machartur Foundation (2022) analyzes various schools of thought, such as
cradle-to-cradle design and an economy associated with this research work, which acts with
symbiosis and biomimicry and shares different economic ideas.

Benyus (2012) defines biomimicry as the approach that studies nature's best ideas to
imitate those designs and processes to solve human problems.

Therefore, considering the information presented, it is possible to propose the

following research hypothesis
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H1: The educational impact (F1) has a positive influence on innovation and nature
(F2).

2.4 CIRCULAR DESIGN

Educational training acts as a lever for the adoption of circular design by equipping
students and professionals with the mindset, methods, and tools necessary to consider whole
systems rather than mere products. Thus, training processes allow us to transcend the linear
‘produce-use-dispose’ model towards an approach where materials and products maintain
their value for as long as possible, and where design assumes a key role in eliminating waste,
circulating materials, and regenerating nature (Ellen MacArthur Foundation, 2019; 2023).

Furthermore, the very concept of circular design demonstrates that design decisions
determine what happens to products, materials, and systems when they are no longer useful.
Therefore, by integrating circular economy principles at the beginning of the design process,
we can make the economy work for people, businesses, and nature. With circular design, we
can prevent waste and pollution from the outset. Internal circular design guides help transform
companies by connecting strategy, supply chain, and circular design practice as an
organizational, not just a technical, lever. Ellen MacArthur Foundation (2021) compiles
resources for higher education and includes the Circular Design Guide as a toolkit for
teachers and students, justifying the educational/pedagogical component of circular economy
and design.

The assessment of circularity in organizations includes considering circularity criteria
in product design, such as durability, reliability, modularity, standardization, ease of
disassembly, upgradability, refurbishment, remanufacturing, reuse, recycling, energy
efficiency, and low consumable consumption.

Issues related to the circularity strategies of the product or service offered have been
divided into Circular Design (CD) and Circular Services (CS). It is important to highlight this
distinction. Circular Services (CS) include issues related to the circular services offered by
the company, while Circular Design (CD) includes issues related to considering circularity
criteria in the design of the product or service.

The CE diagnosis focuses on the Business category, followed by Design. Business
includes issues of Circular Services, Symbiosis, and Stakeholder Engagement. Design
focuses on Circular Design, which is the most considered thematic area along with Circular
Services. (Valls-Val et al., 2023)
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Cattaneo (2022) takes as its context the transformation of education (F1) into design
(F3) and focuses on a comprehensive analysis of degree programs, curricula, methodologies,
and the intuitive influence of organizations on the shift towards social design education.

Another example of this circular design theme is the IKEA case, where circular
economy goals are translated into product design criteria (durability, repairability, reuse, etc.)
that can serve to exemplify circular design principles with a specific company (S-Mahalakshmi
et al., 2024).

Thus, the link between educational impact (which develops skills, mindsets and
knowledge) and circular design (which requires this change of focus to be implemented)
justifies hypothesis H2.

Therefore, considering the information presented, it is possible to propose the
following research hypothesis:

H2: The educational impact (F1) has a positive influence on circular design (F3).

2.5 PRODUCT SERVICE SYSTEMS (PSS)

Since the 1990s, Product-Service Systems (PSS) have been considered one of the
most effective instruments for driving society toward a circular and resource-efficient
economy, and for creating a much-needed resource revolution (Tukker, 2015). One definition
of PSS is a mix of tangible products and intangible services designed and combined in such
a way that they are jointly capable of satisfying the needs of the end customer (Tukker and
Tischner, 2006).

Product Service Systems (PSS) have been integrated into a wider range of scientific
fields and geographic regions. Recent literature has reaffirmed the definitions and concepts
of PSS established since 2006, improving the understanding of their design and their
business and environmental benefits, and identifying key success factors and problems to be
addressed. Some of these include product availability, the diversity of services offered, and
staff skills. Having control over things, objects, and life itself is one of the attributes most
valued by consumers. PSS can limit consumers' freedom of behavior and give the impression
that the provider dictates their actions, which can result in less intangible value than
competing products (Tukker, 2015).

Product service systems. A product service system consists of a mix of tangible
products and intangible services, designed and combined in such a way that, together, they
can satisfy the consumer's ultimate needs. This concept rests on two pillars: (i) the
functionality or satisfaction that the user wants to achieve is taken as the starting point for
business development (instead of product ownership as a way to satisfy the need), (ii) the
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business system that provides such functionality is developed with an "undeveloped terrain"
mentality, rather than taking existing structures and routines and the company's own position
as given and unchangeable (Tukker and Tischner, 2006).

In a product-service system, a company offers access to the product but retains
ownership. This is an alternative to the traditional "buy and own" model. It's a way to reduce
customer burden, generate profits, and achieve objectives by offering product-oriented
services or advice, usage-oriented services (such as leasing, renting, bundling, and pay-per-
service), or results-oriented services (including outsourcing and functional services).
(Lewandowski, 2016)

Therefore, considering the information presented, it is possible to propose the
following research hypothesis:

H3: The educational impact (F1) has a positive influence on circular services and

resources (F4).

2.6 CIRCULAR INNOVATION ECOSYSTEM AS A DRIVER OF SOCIAL IMPACT.

Recent literature on the circular economy recognizes that social impact (F5) does not
depend on a single factor, but rather on the simultaneous action of several complementary
dimensions. In this model, factors F2 (Innovation and Nature), F3 (Circular Design), and F4
(Circular Services and Resources) contribute in a parallel and convergent manner to
generating tangible social benefits, especially in contexts where economic, environmental, or
technological constraints prevail.

First, F2—Innovation and Nature—provides the bio-inspired and regenerative vision
that enables the creation of adaptive and resilient solutions. The integration of nature-based
principles, biomimicry, and circular ecosystems fosters strategies capable of restoring local
environments and improving community well-being (Konietzko et al., 2021; Bocken et al.,
2016). These innovations not only optimize resources but also generate new opportunities
for social collaboration and citizen participation through ecological projects, community
actions, and environmental restoration practices (Ellen MacArthur Foundation, 2019, 2023).

Secondly, F3—Circular Design—provides the methodological framework for
redesigning products, processes, and systems with criteria of durability, reuse, modularity,
and regeneration. Circularity-oriented design fosters the creation of accessible and inclusive
solutions, such as repairable products, exchange platforms, and community-based resource
management systems (Geissdoerfer et al., 2020). These approaches promote equity in

access to resources and strengthen social cohesion through collaborative practices,
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community repair, and the active participation of citizens in circular initiatives (Millar & Hall,
2021).

Finally, F4—Circular Services and Resources—translates the above principles into
practical mechanisms that the community can use directly. These services include preventive
maintenance, materials banks, product-as-a-service, and servitization (which refers to the
transition from selling physical products to providing integrated product—service solutions,
where value is created through use rather than ownership), creative reuse, and local
exchange networks (Bocken et al., 2016). The presence of these services generates social
benefits by increasing resource availability, reducing household costs, promoting circular
economy businesses, and creating green jobs locally (Schroder et al., 2020). Furthermore,
educational literature demonstrates that participating in these systems strengthens social
skills, a sense of community, and the ability to solve socio-environmental problems (Leal-
Filho et al., 2021; Ruiz-Mallén & Heras, 2022; Mendoza et al., 2019).

Taken together, factors F2, F3, and F4 contribute simultaneously to social impact (F5)
through distinct but complementary paths:

* F2 provides the regenerative and nature-based vision,
* F3 offers the methodological redesign necessary to transform production systems,
* F4 enables these transformations to materialize into services and resources

accessible to the community.

This convergence produces measurable social effects, such as greater well-being,
community cohesion, citizen participation, social inclusion, reduced inequalities, and the
generation of new sustainable economic opportunities. Therefore, social impact does not
arise from a single component, but from the integrated work of innovation, design, and circular
services, fully aligned with recent empirical evidence.

F5 Social Impact

The F5 social impact of the circular economy is related to improvements in community
well-being, the creation of green jobs, and the promotion of more equitable production models
(Schrdder et al., 2020). The literature emphasizes that circularity generates benefits in social
cohesion, environmental justice, and the strengthening of local communities through
collaborative practices, community repair, and exchange networks (Millar & Hall, 2021).

In the educational sphere, the implementation of circular strategies promotes the
active participation of students in projects with real impact, which increases social awareness,
community engagement, and the capacity to solve socio-environmental problems (Leal-Filho
et al., 2021; Ruiz-Mallén & Heras, 2022). Furthermore, educational approaches based on
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circular economy principles have been shown to strengthen institutional sustainability
practices and promote systemic thinking in higher education environments (Mendoza et al.,
2019). Taken together, these results show that circular education is not only environmentally
relevant but also socially transformative.

Accordingly, the following research hypothesis is stated as follows:

H4: Innovation and nature (F2) have a positive influence on social impact (F5). H5:
Circular design (F3) has a positive influence on social impact (F5).

H6: Circular services and resources (F4) have a positive influence on the social impact
(F5).

3 METHOTODLOGY

Padilla-Rivera, Russo-Garrido, and Merveille (2020) argue that the social component
is insufficiently represented in circular economy research, despite being an essential catalyst
for behavioral change and community transformation. This study highlights the importance of
social and educational factors as drivers of integrating circularity principles within academia.

Table 1 shows that the composite reliability values and Dijkstra—Henseler's rho
coefficient exceed 0.7, supporting the observations (Hair et al., 2017). Hair et al. (2017)
recommended utilizing the AVE index and external factor loadings to assess convergent
validity. The AVE for each construct exceeds 0.5 and the outer loadings are above 0.7,

indicating adequate convergent validity (Hair et al., 2021).

Table 1

Construct, Reliability and Validity
Construct. 9;f’;hbaa°h Dikstra- | cRy AVE

rho

F1 Educational 0.727 0.849 0.816 0.598
F2 Innovation and nature 0.903 0.910 0.939 0.837
F3 Circular design 0.962 0.963 0.981 0.963
F4 Circular services and resources 0.756 0.755 0.864 0.683
F5 Social impact 0.896 0.896 0.935 0.828

Source: Prepared by the authors themselves.

Discriminant validity analysis, shown in Table 3, assures that a construct does not
measure others. The square root of the AVE for each construct must be bigger than its
correlation with other constructs, according to Fornell and Larcker (1981). This criterion is

met since bold diagonal values are higher than associated values.
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Table 2
Discriminant Validity (Fornell-Larcker Criterion)
Construct F1 F2 F3 F4 F5
F1 Educational 0.773
F2 Innovation and nature 0.765|0.915
F3 Circular design 0.34210.295 |0.982
F4 Circular services and resources 0.603|0.616 |0.635 |0.826
F5 Social impact 0.470|0.467 |0.577 |0.778 |0.910

Source: Prepared by the authors themselves.

The Heterotrait—Monotrait Ratio (HTMT) criterion was used as a robust approach to
assess discriminant validity among the constructs (Table 2). According to Henseler et al.,
(2015), HTMT values should be below 0.85 (strict criterion) or 0.90 (more liberal criterion) to
establish discriminant validity. In this study, all values are below these limits, which reaffirms

the discriminant validity between the constructs analyzed.

Table 3
Discriminant Validity (Heterotrait-Monotrait Ratio HTMT)
Construct F1 F2 F3 F4 F5
F1 Educational
F2 Innovation and nature 0.747
F3 Circular design 0.360 | 0.314
F4 Circular services and resources 0.72610.742 |0.745
F5 Social impact 0.547 | 0.519 |0.620 |0.901

Source: Prepared by the authors themselves.

4 RESULTS AND DISCUSSIONS

Table 4 shows the results obtained from the structural model estimation. The analysis
reveals that five of the six hypotheses were confirmed. Educational impact (F1) has a positive
and notable influence on innovation and nature (F2), circular design (F3), and circular
services and resources (F4).

Similarly, innovation and nature (F2) exert a positive and significant effect on social
impact (F5) (8 = 0.464, p <0.001). In contrast, circular design (F3) does not show a significant
influence on social impact (F5), while circular services and resources (F4) have only a
marginal effect (p = 0.038). In summary, these findings indicate that educational projects
indirectly contribute to social outcomes through innovation and circular practices,
demonstrating that the educational component is key to the model.

LUMEN ET VIRTUS, Séo Jos¢ dos Pinhais, v. XVII,n. LX, p.1-18, 2026
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Table 4

Effect of projects and environmental aspects on environmental impact assessment

. Effec |T
Hypothesis (B)path | Confidence t Size | Statisti P Hypothesis
coef Interval valu
95% Fles e

H1: The educational impact
(F1) has a positive influence | 0.765 (0.961 -2.336) |1.412 [17.777 | 0.000 |supported
on innovation and nature
(F2).

H2: The educational impact| 342 |(0.034-0.357) |0.132 [3.463 | 0.000 |supported
(F1) has a positive influence

on circular design (F3).
H3: The educational impact

(F1) has a positive influence
on circular services and 0.603 (0375 -0.968 0.573 | 11.257 0.000 Supported

resources (F4).

H4: Innovation and nature

(F2) has a positive influence
on the social impact (F5). 0.464 |(0.000-0.049) |0.000 |8.266 0.000 | supported

H5: Circular design (F3) has a
positive influence on the

ial i F5).
social impact (F3) 0.002 | (0.002-0.122) | 0.030 | 0.029 | 0.488 | not

supported
H6: Circular services and
resources (F4) have a
positive influence on social
impact (F5). 0.140 (0.188 - 0.945) | 0.488 | 1.778 | 0.038 | supported

Source: Prepared by the authors themselves.

Table 5 displays the findings for the endogenous constructs: F2 Innovation and Nature,
F3 Circular Design, F4 Circular Services and Resources, and F5 Social Impact. R? values
span from 0 to 1, where elevated values signify enhanced predictive capability for the
endogenous variables. No universal thresholds exist; however, values of 0.75, 0.50, and 0.25
are commonly interpreted as substantial, moderate, and weak, respectively (Hair et al., 2021).
The coefficients of determination in this model are moderate, with R? values ranging from
0.111 to 0.608.

Q? values related to predictive relevance were derived through the blindfolding
procedure; Positive Q? values suggest that the model possesses predictive capability for a
specific construct. Table 6 indicates that all Q? values exceed zero, ranging from 0.105 to
0.496, thereby affirming the model's predictive capability for endogenous constructs (Stone,
1974)
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Table 5
Constructs
Q2 (=1- Original
SSE/SS sample
0) (R?)
F1 Educational
F2 Innovation and nature 0.473 0.582
F3 Circular design 0.105 0.111
F4 Circular services and resources | (0.219 0.360
F5 Social impact 0.496 0.608

Source: Prepared by the authors themselves.

The overall model fit, as presented in Table 6, was evaluated using the SRMR of the
saturated model, resulting in a value of 0.144. This value, while surpassing the conservative
threshold of 0.08 recommended for simple models, is still deemed acceptable given the
model's complexity and the number of parameters estimated.

The discrepancy measures (d_ULS = 2.176 and d_G = 1.112) fall within their 99%
bootstrap confidence intervals (HI99 = 0.506 and 0.477, respectively), thereby confirming the
model's internal consistency.

Hair et al. (2021) indicate that in complex PLS-SEM models, SRMR values marginally
exceeding 0.10 may still be deemed acceptable, contingent upon the corroboration of other

discrepancy measures that affirm the model's robustness.

Table 6
Global model fit indices (Saturated model).
SRMR d_ULS dG
Saturated model 0.144 2176 1.112

Source: Prepared by the authors themselves.

Note: SRMR = Standardized Root Mean Square Residual; d ULS = Squared
Euclidean distance; d_G = Geodesic distance. Values were obtained from the saturated
model to assess global fit, where lower values indicate a better model fit (Hair et al., 2021).

Within the proposed conceptual model, circular design (F3) cannot be understood as
an autonomous determinant of social impact (F5). Its contribution is embedded in a systemic
architecture formed by innovation inspired by nature (F2) and by circular services and

resources (F4). Consequently, social impact emerges from the interaction and alignment of
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these dimensions, which operate simultaneously as an ecosystem rather than as isolated
variables.

Although the relationship between innovation and nature (F2) and social impact (F5)
was not statistically significant, this finding can be interpreted thru the theoretical framework
of Vanaga and Blumberga (2015), who characterize biomimicry as the first steps in
developing bio-inspired ideas. This initial creative approach encourages students to observe
and imitate nature’s functional principles, thereby forming the basis of circular design.

At this formative stage, biomimicry exercises rarely translate into tangible social
actions, as they involve processes of individual understanding and creative exploration. This
creativity demands advanced cognitive sKkills, such as abstraction and systems thinking,
which are not developed in introductory courses.

The absence of a substantial effect can be ascribed to the temporal and practical
divergence between the ideation phase (innovation and nature) and the generation of
observable social impacts. In this sense, biomimicry serves as an inspiring starting point, but
not yet as a consolidated social practice.

This finding is consistent with Padilla-Rivera et al. (2020), who state that the social
dimension of the circular economy represents the greatest challenge to its operationalization,
as it requires converting sustainable concepts into collective and institutional behaviors. In
conclusion, the absence of validation for H4 signifies a natural stage of maturity in circular
learning, wherein nature-inspired creative thinking has yet to be fully realized in the social

domain, despite being a crucial prerequisite for its future advancement

5 CONCLUSIONS
From the discussions and results presented, the following conclusions were drawn,
with a new approach:

1) The primary feature of the employed technique is that the course not only conveyed
academic content but also enabled students to connect the essential principles of
social entrepreneurship with the solutions of real-world issues. It emphasized the
significance of social and educational variables as catalysts for incorporating circularity
ideas into academia, fostering analytical and practical abilities to enhance innovation
and sustainability.

2) The suggested methodology employs PLS-SEM, suitable for analyzing intricate
models grounded in perceptions, utilizing latent constructs produced from the gathered

empirical data.
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3) Previous research concluded that education for social entrepreneurship is grounded
in learning theories and the implementation of adaptive technologies that facilitate
tailored learning experiences. These methodologies consider factors such as learning
preferences, feedback mechanisms, cognitive load, and student motivation. The
findings of this investigation align with these methodologies, since they reside within
statistically acceptable parameters, hence reinforcing the validity of the suggested
model.

4)The technique can be enhanced by including surveys of teachers, administrators,
business professionals, and the community, as the primary weakness of this research

is that it solely involved a very small sample of kids.

REFERENCES
Benyus, J. M. (1997). Biomimicry: Innovation inspired by nature. Morrow.

Benyus, J. (2012). Biomimesis: Cémo la ciencia innova inspirandose en la naturaleza.
Tusquets Editores.

Blok, V., & Gremmen, B. (2016). Ecological innovation: Biomimicry as a new way of thinking
and acting ecologically. Agricultural and Environmental Ethics, 29, 203-217.
https://doi.org/10.1007/s10806-015-9596-1

Bocken, N. M. P., et al. (2016). Product design and business model strategies for a circular
economy. Journal of Industrial and Production Engineering, 33(5), 308-320.
https://doi.org/10.1080/21681015.2016.1172124

Cattaneo, T. (2022). Social impact in design education. In P. L. P. Rau (Ed.), Cross-cultural
design: Applications in learning, arts, cultural heritage, creative industries, and virtual
reality (pp. 87-99). Springer. https://doi.org/10.1007/978-3-031-06047-2_7

Dicks, H. (2015). The philosophy of biomimicry. Philosophy & Technology, 29, 223-243.
https://doi.org/10.1007/s13347-015-0210-2

Ellen MacArthur Foundation. (2019). Completing the picture: How the circular economy
tackles climate change.

Ellen MacArthur Foundation. (2021). Higher education resources: Circular design.

Ellen MacArthur Foundation. (2022). Economia circular.

Ellen MacArthur Foundation. (2023). Circular economy: Concept and overview.

Fornell, C., & Larcker, D. F. (1981). Structural equation models with unobservable variables

and measurement error: Algebra and statistics. Journal of Marketing Research, 18, 382—
388. https://doi.org/10.2307/3150980

=

LUMEN ET VIRTUS, Séo Jos¢ dos Pinhais, v. XVII,n. LX, p.1-18, 2026

16



Geissdoerfer, M., et al. (2020). The circular economy: A new sustainability paradigm? Journal
of Cleaner Production, 143, 757-768. https://doi.org/10.1016/j.jclepro.2016.12.048

Hair, J. F., et al. (2021). Evaluation of the structural model. In Classroom companion:
Business (pp. 115—138). https://doi.org/10.1007/978-3-030-80519-7_6

Henseler, J., Ringle, C. M., & Sarstedt, M. (2015). A new criterion for assessing discriminant
validity in variance-based structural equation modeling. Journal of the Academy of
Marketing Science, 43(1), 115-135. https://doi.org/10.1007/s11747-014-0403-8

Konietzko, J., Bocken, N., & Hultink, E. (2021). Circular ecosystem innovation: An initial set
of principles. Journal of Cleaner Production, 289, 125823.
https://doi.org/10.1016/j.jclepro.2019.119942

Leal-Filho, W., et al. (2021). Integrating sustainability and circularity into higher education.
Sustainability, 13(4), 1-18. https://doi.org/10.1108/IJSHE-10-2022-0333

Lewandowski, M. (2016). Designing the business models for circular economy: Towards the
conceptual framework. Sustainability, 8, 43. https://doi.org/10.3390/su8010043

Mendoza, J. M. F., Gallego-Schmid, A., & Azapagic, A. (2019). A methodological framework
for the implementation of circular economy thinking in higher education institutions:
Towards sustainable campus management. Journal of Cleaner Production, 226, 831—
844. https://doi.org/10.1016/].jclepro.2019.04.060

Millar, N., & Hall, J. (2021). Social dimensions of circular economy transitions. Journal of
Industrial Ecology, 25(4), 856-870.

Padilla-Rivera, A., Russo-Garrido, N., & Merveille, N. (2020). Addressing the social aspects
of a circular economy: A systematic literature review. Sustainability, 12(19), 7912.
https://doi.org/10.3390/su12197912

Pawlyn, M. (2011). Biomimicry in architecture. RIBA Publishing.
https://doi.org/10.4324/9780429346774

Riechmann, J. (2003). Biomimesis: Un concepto esclarecedor, potente y persuasivo para
pensar la sustentabilidad. El Ecologista, 36, 28-31.

Ruiz-Mallén, I., & Heras, M. (2022). Education for sustainability and community action.
Environmental Education Research, 28(3), 345-360.
https://doi.org/10.1080/13504622.2022.2070602

Ruiz-Mallén, I., et al. (2023). Nature-based solutions for climate adaptation in school
environments: An interdisciplinary assessment framework. In Sustainable urban
transitions: Research, policy and practice (pp. 87—105). Springer Nature.

S-Mahalakshmi, et al. (2024). Utilizing technology for sustainable resource management
solutions. https://doi.org/10.4018/979-8-3693-2346-5.ch017

Schroder, P., et al. (2020). The circular economy in cities and regions: Synthesis report.
OECD Urban Studies. https://doi.org/10.1787/10ac6ae4-en

=

LUMEN ET VIRTUS, Séo Jos¢ dos Pinhais, v. XVII,n. LX, p.1-18, 2026

17



Stone, M. (1974). Cross-validatory choice and assessment of statistical predictions. Journal
of the Royal Statistical Society: Series B (Methodological), 36(2), 111-133.
https://doi.org/10.1111/j.2517-6161.1974.tb00994 .x

Tukker, A. (2015). Product services for a resource-efficient and circular economy: A review.
Journal of Cleaner Production, 97, 76—91. https://doi.org/10.1016/j.jclepro.2013.11.049

Tukker, A., & Tischner, U. (2006). Product services as a research field: Past, present and
future. Reflections from a decade of research. Journal of Cleaner Production, 14(17),
1552-1556. https://doi.org/10.1016/j.jclepro.2006.01.022

Vallaeys, F. (2016). Introduccion a la responsabilidad social universitaria (Tomo 6).
Universidad Simén Bolivar.

Valls-Val, K., et al. (2023). Adequacy of existing circular economy assessment tools for higher
education institutions. Sustainable Production and Consumption, 39, 399-413.
https://doi.org/10.1016/j.spc.2023.05.011

Vanaga, R., & Blumberga, A. (2015). First steps to develop biomimicry ideas. Energy
Procedia, 72, 307-309. https://doi.org/10.1016/j.egypro.2015.06.044

Vincent, J. F. V., et al. (2006). Biomimetics: Its practice and theory. Journal of the Royal
Society Interface, 3, 471-482. https://doi.org/10.1098/rsif.2006.0127

=

LUMEN ET VIRTUS, Séo Jos¢ dos Pinhais, v. XVII,n. LX, p.1-18, 2026

18



