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Abstract

Introduction: universities fulfill two roles, firstly, being an urban microcosm, they generate a large amount of solid
waste, but they are also training institutions that educate those who will have the responsibility of leading the
transition to circular economy, in these conditions campuses are fertile ground to cultivate environmental culture.
Objective: To synthesize and present recent evidence on environmental education and culture strategies aimed
at recycling in HEls, which allow deriving guidelines applicable to the UG.

Methodology: The integrative review method of Whittemore and Knafl was employed; multidisciplinary databases
were searched; for screening, an adaptation of PRISMA 2020 was used; and study quality was assessed using
the MMAT tool for mixed-methods studies. The final corpus comprised empirical studies published between 2020
and 2026, which were grouped into five categories: knowledge; attitudes and values; practices; pedagogical-
institutional strategies; and barriers and facilitators.

Results: Environmental knowledge proved to be necessary but not sufficient. Pro-environmental attitudes bridge
the gap between knowledge and action. Experiential and curriculum-based interventions produce measurable
improvements in solid waste management; however, these gains diminish in the absence of adequate
infrastructure and sociocultural support.

Conclusions: A university recycling culture does not stem from any single factor; it depends on the alignment of
environmental education, institutional governance, and infrastructure. This relationship provides the basis for the
strategic guidelines proposed for the University of Guayaquil.

Keywords: Environmental culture, circular economy, environmental education, higher education institutions,
recycling, solid waste.

Highlights

. Environmental knowledge is a necessary but insufficient condition for recycling.
. Pro-environmental attitudes mediate between knowledge and recycling behavior.
. Experiential interventions go beyond merely informative teaching.

. Infrastructure and governance decide the move from intention to action.

. Five recycling culture guidelines are proposed for the University of Guayaquil.

Introduction
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General Context

Solid waste management is an issue that socio-environmental policies cannot ignore, as it intertwines political,
socioeconomic, institutional, and environmental dimensions (Debrah et al.,, 2021). The accelerated urban
development of recent decades has caused its waste to grow to the same extent. The result is a structural
challenge for developing economies, where the scarcity of infrastructure and technical resources coexists with
increasing regulatory pressure to move towards circular models (Debrah et al., 2021; Ferronato et al., 2020).

The transition from the linear economic model (extract, produce, discard) to a circular economy, which
incorporates waste and converts it into resources, has been consolidated as a public policy horizon. Transition
has been affirmed as a consolidated object of interdisciplinary research (Nagatomo, 2024; Stephan et al., 2020;
Vergani, 2024).

Within this transition, higher education institutions (HEIs) occupy a unique position, because their campuses
function as urban microcosms. They have very high concentrations of population that generate waste of a very
different nature, such as paper, cardboard, plastics, food waste, electronic waste and laboratory waste. Its
management reproduces the complex municipal situation on a scale (Owojori et al., 2020; Rodriguez-Guerreiro
et al., 2024; Stephan et al., 2020; Vergani, 2024).

Rodriguez-Guerreiro et al. (2024) measured the waste generated on average by a person in universities around
the world and reported 0.19 + 0.21 kg per person per day, with a predominance of organics (30 + 19%), followed
by paper and cardboard. These data reveal that the problem is real in material terms and highly variable
depending on the context.

In this reality, however, universities are continuously training the new generations who are going to lead the
ecological transition in values, knowledge, and practices (Manfredi et al., 2021; Owojori et al., 2022; Vergani,
2024). This double condition, i.e. being both a source of waste and an agent of cultural transformation, places
HEls at the centre of any serious sustainability strategy.

By fulfilling this role, universities connect with the 2030 Agenda, through two Sustainable Development Goals,
SDG 11 which deals with sustainable cities and communities and SDG 12 on responsible production and
consumption (Abdulghaffar & Williams, 2021; Sen et al., 2021). Authors such as Alazaiza et al. (2024) and
Owojori et al. (2022) attribute specific social responsibilities to HEls such as raising awareness of both the
university community and its political-social environment on the importance of waste management.

The sustainability strategies of Australian universities were studied by Sen et al. (2021), who reported that
achieving carbon neutrality and meeting waste diversion goals depends much more on HEls themselves
incorporating sustainability into their teaching, research, and campus operations, than on purely technical
conditions.

This global panorama is reflected in Ecuadorian regulations, since the Organic Environmental Code (National
Assembly of Ecuador, 2017) declared integrated waste management a national priority. Ministerial Agreement
061 (Ministry of the Environment of Ecuador, 2015) established the technical regime for non-hazardous and
special waste. More recently, the National Strategy for the Inclusive Circular Economy (Ecuador, 2021) has
articulated public policy axes, such as innovation and sustainable consumption.

This regulatory support offers the University of Guayaquil, one of the largest institutions of higher education in
the country, an explicit legal basis to design and implement a solid waste management system based on recycling
and the formation of an environmental culture, also articulated with regional experiences that have already tested
circular economy models in Ecuador (Garabiza et al., 2021).

State of the art

Recent literature has addressed university recycling from multiple disciplinary angles, which in the case of this
review is organized into five analytical axes: environmental knowledge, attitudes and values, practices and
behaviors, pedagogical-institutional strategies, and sociocultural barriers and facilitators. Each axis is based on
a consolidated theoretical construct, on whose development depends how the findings are interpreted and how
this synthesis was operationalized.

The first axis places environmental knowledge as the cognitive basis of recycling behavior. Frick et al. (2004)
distinguished three types of knowledge: systems, action, and effectiveness. The contribution of this typology
changed the approach: it is no longer only factual information that matters, but the knowledge that really drives
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action. This line of research is still in force in universities, where it is argued that the lack of knowledge aggravates
the problems arising from waste management, especially in developing countries, and from this arise numerous
diagnoses and training proposals (Debrah et al., 2021). This is a half-correct posture, because more is needed.

Attitudes and values shape the second axis, which is affirmed on the scale of the New Ecological Paradigm of
Dunlap et al. (2000), consolidated as the way to measure the pro-environmental approach at a general level,
which allowed, over two decades, to document the diffusion of an ecological awareness that, even so, rarely
translates linearly into behavior.

This relationship was addressed by subsequent research, which showed that the affective component acts as a
bridge between knowledge and action, although it is conditioned by contextual and cultural factors, which by their
nature are difficult to fully quantify. That is why attitude can be measured, but, even so, it is not enough.

Within the third axis, observable practices and behaviors are addressed, theoretically dominated by Ajzen's (1991)
Theory of Planned Behavior, its triad of attitude, subjective norm and perceived behavioral control, has become
the most widely used predictive framework to explain separation and recycling behavior, and has demonstrated
a remarkable ability to adapt to contexts as diverse as the recycling of electronic waste. municipal separation or
waste management by academic staff, then the incorporation of perceived behavioral control was especially
fruitful, since it explicitly introduced the role of material conditions, the available infrastructure, in the very
possibility of acting. Intent alone does not guarantee action.

We propose the fourth axis, central to this review, where pedagogical and institutional strategies are brought
together, and we find that the model of behavioral change in environmental education of Hungerford and Volk
(1990) anticipated that the formation of responsible environmental behaviors depends on input, ownership and
empowerment variables, a scheme that contemporary interventions have operationalized in modalities ranging
from curricular integration to playful pedagogy and service-learning.

The analysis of the studies reviewed raises a warning: education understood as the simple delivery of information
raises awareness, but does not ensure behavior change (Manfredi et al., 2021). To analyze how barriers and
sociocultural facilitators that mediate between action and intention affect it, a fifth axis is proposed. Kollmuss
and Agyeman's (2002) formulation of the gap between value and action helps to interpret why favorable attitudes
do not become behavior. In addition, there is evidence that presents higher education, in itself, as a structural
facilitator of pro-environmental behavior (Kountouris & Remoundou, 2023).

The reviews that map management practices and the institutionalization of university recycling converge in
pointing out that there are still infrastructure and governance gaps (Rodriguez-Guerreiro et al., 2024; Vergani,
2024). The evidence that brings these five axes together in universities is abundant, but it comes mostly from
Europe, Asia and North America, while Ibero-American production remains small and dispersed. This review sorts
that evidence and condenses it, study by study, in Table 1.

Identified Gap

Although the available evidence is abundant, three gaps remain, and from them the present review is born. The
first gap is fragmentation: technical analyses on waste characterization and diversion do not match socio-
educational studies on knowledge, attitudes, and behavior. That is why the environmental culture of recycling, a
phenomenon that combines cognition, affect, behavior, and governance, is not fully theorized (Manfredi et al.,
2021; Vergani, 2024).

Second, empirical production is concentrated in high-income social contexts or in Asian and European countries,
while Latin American and, in particular, Ecuadorian evidence is scarce and dispersed, frequently published in
regional journals and with limited conceptual integration (Garabiza et al., 2021; Gonzales et al., 2023; Silva
Jaramillo et al., 2024). The third gap is methodological: there are few syntheses that apply an explicit integrative
method to bring together quantitative, qualitative and mixed studies and propose ways that can be carried out in
a specific university in the global South.

Rationale and Objective

The relevance of this review is based on three considerations: at the scientific level, the fragmentation between
technical research on residues and socio-educational research on knowledge, attitudes and behaviors calls for
an integrative synthesis that the integrative review method is able to offer, by admitting evidence of
heterogeneous designs within the same analytical framework.
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At the regional level, the scarcity and dispersion of Ibero-American and, in particular, Ecuadorian evidence, justify
a deliberate effort to incorporate it and put it in dialogue with international production, so that the resulting
guidelines are culturally relevant and not a mere transfer of foreign models. At the institutional level, the University
of Guayaquil does not start from scratch, it has a national regulatory framework, made up of the Organic
Environmental Code, Ministerial Agreement 061 and the National Strategy for Inclusive Circular Economy, which
calls for evidence-based interventions, to which this review seeks to respond.

Therefore, the general objective of this work is to synthesize recent scientific evidence on environmental
education and culture strategies that promote solid waste recycling in higher education institutions, in order to
support pedagogical and institutional guidelines applicable to the University of Guayaquil.

Four specific objectives guide this synthesis, the first characterizing environmental knowledge as a condition of
recycling behavior. The second examines how attitudes and values mediate between that knowledge and practice.
The third weighs the effectiveness of the documented pedagogical and institutional strategies. The fourth tracks
the barriers and sociocultural facilitators that decide whether intention translates into behavior.

Behind these objectives beats a fundamental purpose: to articulate the five analytical categories and put Ibero-
American and Ecuadorian evidence in dialogue with international evidence, to build a bridge between technical
and socio-educational research and offer the Guayaquil university community an empirical base with which to
move towards a sustained recycling culture.

Materials and methods
Study design

The integrative literature review design was adopted, according to the method proposed by Whittemore and Knafl
(2005) and updated by Dhollande et al. (2021). This design is the only one that allows the integration in a single
synthesis of evidence from dissimilar methodological designs (experimental, observational, qualitative, mixed
and theoretical). In this way, the environmental culture of recycling is addressed, which has been investigated
from very different disciplinary traditions. The method has five stages, namely: identification of the problem,
literature search, evaluation of the data, analysis of the data and presentation of the synthesis.

The classic systematic review encompasses studies within the same profile and adds their effects, a situation
that is not the one that arises as they are studies of all kinds; in contrast, integrative seeks to understand the
entire phenomenon. Therefore, as the topic analyzed is not a single discipline, but encompasses education,
organizational culture and waste management, a search and screening was chosen with an exploratory protocol
defined a priori, which is in line with an integrative and non-confirmatory synthesis.

Research Question

The PICo scheme (Population, phenomenon of Interest, Context) constitutes the appropriate framework when the
review incorporates qualitative data; with it the integrative question was constructed: in higher education
communities (Population), how do environmental education and culture interventions (phenomenon of Interest)
shape the knowledge, attitudes and practices of solid waste recycling (Context)?

Search strategy

The search was carried out in multidisciplinary databases (Scopus, Web of Science, Crossref and SciELO); Google
Scholar joined to contribute regional literature. A Boolean equation was used built on three conceptual blocks:
("environmental education" OR "sustainability education" OR "environmental awareness" OR "environmental
culture" OR "environmental culture" OR "pro-environmental behavior") AND ("recycling" OR "solid waste" OR "waste
separation" OR "circular economy" OR "recycling" OR "solid waste") AND ("university" OR "higher education" OR
"campus" OR "college students" OR "higher education").

The search process report followed the recommendations of the PRISMA-S extension (Rethlefsen et al., 2021).
The identification combined two complementary sources: a reference library previously curated by the researcher
and the searches carried out in the aforementioned databases.

The time horizon was set at the period 2020-2026 for the empirical body, in order to privilege the most recent
evidence, and publications in Spanish, English and Portuguese were admitted to capture Ibero-American
production, frequently absent from the English-speaking indexes. The restriction on open access documents,
adopted for criteria of transparency and reproducibility, guarantees that any reader can verify the sources that
support the synthesis.
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Eligibility Criteria

The screening considered empirical research, whether quantitative, qualitative or mixed, and also reviews. Both
had to address education, culture, knowledge, attitudes or practices of recycling and solid waste management in
higher education institutions, be published between 2020 and 2026, in Spanish, English or Portuguese, and in
open access. Purely technical waste engineering works without a socio-educational component, those limited to
hazardous laboratory waste, editorials without data and duplicates were left out.

The seminal texts that support the theoretical bases (Ajzen, 1991; Dunlap et al., 2000; Frick et al., 2004;
Hungerford & Volk, 1990; Kollmuss & Agyeman, 2002) were integrated as conceptual anchors; Its validity is
explained by its canonical value. For the construction of the empirical base, studies from the last five years were
used; the previous texts remained only to substantiate the constructs. Additionally, the existence of each selected
source was corroborated and the accuracy of the attributed data was validated through its digital object identifier
(DOI); any reference that did not pass this check was discarded.

Data Selection and Extraction Process

An adaptation of the PRISMA 2020 protocol (Page et al., 2021) was applied for screening, developed in four
phases: identification, screening by title and abstract, eligibility assessment by reading the full text, and final
inclusion. Clarivate's EndNote bibliographic manager was used for the management of references and the control
of duplicates. Finally, screening by title and abstract and recording of inclusion and exclusion decisions were
carried out in Microsoft Excel spreadsheets, using the logic of Rayyan, a tool specialized in systematic reviews
(Ouzzani et al., 2016).

From each included study, the following fields were extracted in a standardized analysis matrix: authorship, year,
country, design, sample, analytical category, main finding and level of evidence, of the 312 records identified
from the researcher's curated library added to that of database searches, 240 were excluded because they did
not align with the socio-educational approach in higher education institutions. to form a corpus of 72 studies
included in the synthesis, complemented with six seminal conceptual anchors and three Ecuadorian normative
sources used for framing.

The screening by title and abstract and the subsequent reading of the full texts were carried out independently,
the most frequent reasons for exclusion were the exclusively technical-engineering approach to waste
management, the absence of a socio-educational component, the non-university nature of the context studied
and the unavailability of the full text in open access. The selection process is summarized in Figure 1.
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Figura 1. Flujo de seleccion de estudios (PRISMA 2020, adaptado a revision integrativa)
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Figure 1. Study selection flow (PRISMA 2020, adapted to integrative review).

Quality assessment and synthesis

The methodological quality of the studies was assessed with the Mixed Methods Assessment Tool (MMAT) version
2018 (Hong et al., 2018), which is suitable for jointly appreciating quantitative, qualitative and mixed studies. Its
application integrated the five design categories established by the tool: qualitative studies, randomized trials,
non-randomized quantitative studies, descriptive quantitative studies, and mixed studies. The quality standards
of each category were considered.

The synthesis process was based on thematic analysis and narrative synthesis, in accordance with the
methodological standards for synthesis without meta-analysis (SWiM) of Campbell et al. (2020). The thematic
analysis was developed in three sequential phases: first, the findings of each study were coded according to the
five analytical categories; then the codes were grouped into convergent and divergent patterns; finally, an
integrative narrative was constructed that puts evidence in front of the theoretical frameworks and the
Ecuadorian context.

Results and Discussion

Based on the analysis of the corpus, the results were structured into the five analytical categories defined above.
Table 1 groups the 72 studies analyzed, organized by author, country, research design, sample, category, and
main finding. Next, a summary of each axis is presented, which confronts the convergent and divergent patterns
identified in different studies and geographical contexts.

Table 1: Studies included in the integrative synthesis (n = 72)

Study Country Design Sample Category Main finding
(author,
year)
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Owojori et | South Africa CAP Survey University 1 Knowledge | Knowledge is
al. (2022) students instrumental; The
(rural) rural-urban divide

persists.

Cebi & | Turkiye Quasi-experimental 7th grade | 1 Knowledge | Project-based

Arslan schoolchildre education raises

(2025) n the level of
knowledge about
recycling.

Erhabor & | Nigeria/Canad | Quasi-experimental Future 1/2 Low-cost

Reis (2026) | a teachers univ. materials improve
knowledge and
attitudes.

Abdulghaffa | Saudi Arabia Exploratory cross- | University 1 Knowledge | Institutional

r & Williams sectional (KAU) maturity is

(2021) associated with
greater
environmental
literacy.

Bennett & | USA Review/Educational Audience and | 1 Knowledge | Educating

Alexandridis students increases the

(2021) fraction of plastic
effectively
recycled.

Al-Zohbi & | Saudi Arabia Case Study 430 university | 1/2 Fragmentary

Pilotti students visions of

(2023) sustainability in
an oil-producing
country.

Slotnick et | USA Transversal University 1 Knowledge | Climate

al. (2023) students perceptions are
associated with
lower red meat
intake.

Spinola Portugal Survey (NEP) Univ. de | 2 Attitudes It measures

(2023) Madeira environmental
attitudes and
challenges for
environmental
education.

Arslan et al. | Turkiye Comparative (EAI) 320 university | 2 Attitudes Outdoor  sports

(2024) students are  associated
with better
attitudes.

Alves et al. | Portugal Survey University 2 Attitudes Positive attitudes

(2023) students with a gap
between attitude
and action.

Pardal et al. | Portugal Survey (20 HEls) 400 students | 2 Attitudes Articulate

(2025) knowledge,
attitudes and
circular

behaviour.
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Ferreira et | Portugal Longitudinal mixto Management | 2 Attitudes Low knowledge

al. (2023) students despite favorable
attitudes.

Lorincova & | Slovakia Survey Population 2 Attitudes Sociodemographi

Osvaldova ¢ factors shape

(2025) attitudes and
intentions.

Diaz Horna | Peru Experimental Univ. (first | 2 Attitudes An  experiential

& Mejia cycle) program

(2025) strengthens
conservation
attitudes.

Hassooni et | UAE CAP Survey Population 2 Attitudes Jointly evaluates

al. (2024) knowledge,
attitudes and
practices.

Kyambade Uganda Focus groups 22 students 2 Attitudes Heterogeneity of

et al. (2024) attitudes towards
climate change.

Muniandy et | Malaysia TPB (survey) 252 3 Internship Attitude, norm,

al. (2021) academics and perceived
control predict
behavior.

Abdul UAE TPB (model) Residents 3 Internship | Awareness,

Waheed et infrastructure

al. (2023) and cost predict
WEEE recycling.

Yang et al. | China Survey 814 university | 3 Internship Identifies factors

(2021) students of the willingness
to separate
waste.

Daoud et al. | UAE Survey University 3 Internship Socioeconomic

(2025) population factors condition
behavior.

Guan et al. | China Case Study University 3 Internship Perceptions

(2023) students about plastic
takeaway
packaging.

Bang et al. | Viethnam Survey Students 3 Internship Self-efficacy,

(2025) incentives, and
facilities explain
the separation.

Ugulu Turkiye Scale Validation | University 3 Internship Validate a

(2026) (Mixed) students multidimensional
scale of recycling
behavior.

Dalu et al. | South Africa Survey Staff and | 3 Internship Evaluate pro-

(2023) students environmental
behavior towards
plastics.

Zhang et al. | China Mixed AEC Students | 3 Internship Inconsistency

(2021) between
perceptions and
behaviors of

sustainability.
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Alarinta et | Finland Behavioral Monitoring | Households 3 Internship Objective

al. (2023) with univ. measurement of
plastic packaging
recycling.

Karakuyu & | Turkiye Mixto pretest-postest 32 3/4 STEM-recycling

Cardfil schoolchildre education

(2026) n improves
attitudes and
behaviors.

Nagatomo Taiwan EDS (design-based) N.A 3 Internship | Analyze

(2024) consumer
engagement in
recycling.

Ayoub UAE Quasi-experimental 90 university | 4 Strategies Project-based

Moubareck students learning

(2022) outperforms the
traditional
classroom.

Iglesias- Spain Laboratory practice Undergraduat | 4 Strategies Introduce the

Gonzéalez et e students circular economy

al. (2024) in the laboratory.

Bohvalovs Latvia System Dynamics N.A 4 Strategies Interactive  tool

etal. (2025) for cleaner
production.

of Ugly | Italy Educational framework | 90,000 4 Strategies Greenopoli:

(2026) students playful pedagogy
for waste
management.

Grillot & | France Serious play Students 4 Strategies CircAgri:

Martin experiencing

(2026) circularity
through role-
playing.

Sulaiman et | Malaysia Service-learning 32 univ. / 55 | 4 Strategies University

al. (2025) schoolchildre students as

n trainers in

recycling.

Kowasch Austria Qualitative (outputs) Teacher 4 Strategies It incorporates

(2022) training CE, cradle-to-
cradle and zero
waste into
teacher training.

Machado & | Portugal Review N.A 4 Strategies | Curricular

Davim transformation

(2023) and sustainable
campus.

Manfredi et | USA Pretest-postest University 4 Strategies Education raises

al. (2021) students awareness, but it
is not enough for
behavior.

Aedi (2024) | Indonesia Review N.A 4 Strategies Green  campus
strategies
through change

management.
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Pisuttu et al. | Italy Case Study (Master's) Postgraduate | 4 Strategies It integrates the
(2024) EC in the
management of
MSW; public
participation.
Al-Dmour Jordan Survey (PLS) 1,000 4 Strategies Model the
(2023) students motivators of the
green-smart
campus.
Mansour Iraq Technical/Educational | Academic 4 Strategies Sustainable
(2024) institutions paper recycling
techniques.
Craveiro et | Portugal Case Study IES 4 Strategies Composting and
al. (2025) awareness
campaigns for
circularity.
Jimu & | South Africa Qualitative University 4/5 Identify  barriers
Rennkamp (governance) and enablers of
(2024) transitions.
Kountouris Greece Quasi-experimental Cohorts 5 Causal evidence:
& causal Barriers/eas | Higher education
Remoundou y. increases
(2023) recycling.
Oliveira & | Portugal Systematic review N.A 5 Synthesize
Proenca Barriers/eas | sustainable
(2025) y. campus
operations.
Vergani Sweden Review N.A 1/5 HEls as a
(2024) microcosm of the
circular economy.
Alazaiza et | Oman/Jordan Bibliometric N.A 5 Evolution of
al. (2024) Barriers/eas | research in
y. student
consciousness.
Rodriguez- Spain Review IES (world) 1/5 Average rate 0.19
Guerreiro et kg/day-person;
al. (2024) management
practices.
Sen et al. | Australia Review Universities 4/5 Sustainability and
(2021) carbon neutrality
strategies.
Owojori et | South Africa Characterization University 1/3 It characterizes
al. (2020) the composition
and the potential
for recycling.
Budihardjo Indonesia Case Study Univ. (UNDIP) | 3/4 Campus  waste
etal. (2021) management
strategies.
Stephan et | Australia Flow analysis Univ. of | 5 Material flows
al. (2020) Melbourne Barriers/eas | and circular
y. economy on
campus.
Gonzalez et | Peru Quantitative 244 university | 1/2 Diagnoses waste
al. (2023) descriptive students management and
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environmental
culture.

Valencia- Mexico Explanatory Business 2/4 VARICA model of

Ordéiez et quantitative Univ. environmental

al. (2025) culture.

Barboza- Colombia Action research Primary 4 Strategies Didactic

Contreras & school strategies for

Soto-Lopez children environmental

(2021) culture.

Munoz Colombia Quantitative Schoolchildre | 4 Strategies Pedagogical

Ramirez n 4th-5th strategies for

(2025) environmental
culture.

Piarpuezan | Colombia Action research Schoolchildre | 4 Strategies Pedagogical

et al. (2023) n (Awa) strategies in the
indigenous
community.

Cirimarco & | Brazil Conceptual model N.A 4 Strategies Socio-

De Oliveira environmental

(2022) education based
on the circular
economy.

Carvalho & | Brazil Qualitative review N.A 4 Strategies Pedagogical

Cruz (2025) approaches to EE
through EC.

Silva- Ecuador Educational proposal University 4 Strategies Collaborative

Jaramillo et students work to reduce

al. (2024) the impact of
waste.

Garabiza et | Ecuador Case Study N.A 4/5 Application of the

al. (2021) circular economy
model in Ecuador.

He lies the | Mexico Model IES 5 Environmental

Building et Barriers/eas | management

al. (2025) y. model for HEls.

Jiménez- Mexico Case Study Campus 4/5 Zero Waste

Martinez & University

Garcia- Programme as a

Barrios Social Innovation.

(2020)

Villalba & | Venezuela Methodological Universities 5 Construction  of

Useche Barriers/eas | environmental

(2021) y. management
indicators.

Navarrete et | Chile Reflection/methodolo | Higher 4/5 Sustainable

al. (2020) gy Education model of higher
education.

Borges et al. | Brazil Collection/guides Private HEIs 5 Guidelines for the

(2024) Barriers/eas | management of

y. WEEE.

Savi- Brazil Case Study Univ. (UFSC) 4/5 Successful

Bortolotto et selective

al. (2025) collection

initiative.
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Gherhell et | Romania Survey Students 5 Waste generation
al. (2024) Barriers/eas | and disposal
y. practices.
Pérez-Lopez | Spain Footprint calculation University 5 Ecological
etal. (2021) Barriers/eas | footprint of
y. university
mobility.
Silva et al. | Portugal Measurement 10,278 meals | 5 Inadequacy of
(2024) Barriers/eas | portions and
y. waste in the
dining room.
Du Rand et | South Africa Systems theory Food service 5 Prevention of
al. (2024) Barriers/eas | food waste.
y.
Meireles et | Brazil Impact assessment Univ. (UEPA) 5 Assesses the
al. (2022) Barriers/eas | environmental
y. impacts of solid
waste.

Note. The codes in the Category column correspond to the five analytical categories: 1 = knowledge; 2 = attitudes
and values; 3 = practices; 4 = pedagogical-institutional strategies; 5 = barriers and facilitators. When a study
contributes to two categories, both codes are indicated separated by a bar (e.g., 1/2).

Environmental knowledge: necessary but insufficient foundation.

Environmental knowledge is a necessary condition for recycling behavior, although it is insufficient on its own.
The experience of a tertiary institution in the rural sector of South Africa, documented by Owojori et al. (2022),
confirmed that, although knowledge was a strategic resource for the resolution of the problem, the rural-urban
divide slowed down its materialization in practice. This dynamic corroborates what was postulated by Frick et al.
(2004), who, through their categorization of knowledge into systems, action, and effectiveness, laid the
foundations for understanding that the effect of knowledge on behavior is selective and depends on the nature
of the information.

The malleability of knowledge is evident in the light of contemporary educational practices: with project-based
work, students learned more about recycling than with the traditional classroom (Cebi & Arslan, 2025). In addition,
low-cost laboratory materials, conceived from Vygotsky's theory as cultural mediating tools, strengthened the
knowledge and attitudes of future educators (Erhabor & Reis, 2026).

The lag in environmental education, so common among youth in the developing world, exacerbates deficiencies
in waste management; this lag, however, can be corrected (Debrah et al., 2021). In parallel, institutional maturity
goes hand in hand with greater environmental literacy (Abdulghaffar & Williams, 2021). Simultaneously educating
and informing the community and students increases the proportion of waste effectively recycled (Bennett &
Alexandridis, 2021). Despite these advances, the distribution of knowledge remains heterogeneous: fragmentary
visions of sustainability persist (Al-Zohbi & Pilotti, 2023) together with situated perceptions that affect specific
behaviors (Slotnick et al., 2023).

Attitudes and values: the affective mediation between knowing and acting.

Various studies establish that the affective component, made up of attitudes and values, acts as a bridge between
the acquisition of knowledge and observable action. The revised scale of the New Ecological Paradigm (Dunlap
et al., 2000) stands as the main reference tool for measuring environmental beliefs. Spinola (2023) applied this
scale to students at the University of Madeira and drew two lessons: that working on attitudes is key to rebuilding
people's relationship with the planet, and that the diagnosis reveals the local challenges of environmental
education. In their analysis, Arslan et al. (2024) evaluated the influence of outdoor physical activity on the
environmental attitudes of 320 students and found differences that they attribute to interaction with the natural
environment.

When addressing the circular economy, studies in the Ibero-American context reveal a persistent gap between
discourse and practice. Although students manifest favorable attitudes, they incur inconsistencies when
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executing concrete actions (Alves et al., 2023; Pardal et al., 2025); in certain cases, a positive attitude comes to
coexist with little knowledge (Ferreira et al., 2023).

In Latin America, the VARICA model assesses the environmental culture of university business students (Valencia-
Ordénez et al., 2025), and waste management and environmental culture in Peruvian university students have
been diagnosed together (Gonzales et al., 2023). This tension admits intervention: an experiential program
strengthened conservation attitudes in a Peruvian university (Diaz Horna & Mejia Mejia, 2025). The measurement
of attitudes has also been refined in different latitudes (Hassooni et al., 2024; Kyambade et al., 2024; Lorincova
& Osvaldova, 2025). Overall, the affective component is both universal in its importance and specific in its cultural
determinants.

Recycling practices and behavior: from purpose to observable behavior.

The third axis concentrates the evidence on effective separation and recycling practices, interpreted mostly
through the Theory of Planned Behavior (Ajzen, 1991). In this regard, Muniandy et al. (2021) demonstrated,
through the analysis of 252 Malaysian academics, that both attitude and subjective norm and perceived
behavioral control are determining factors in behavior aimed at sustainable waste management.

The application of the model to e-waste recycling in the United Arab Emirates was developed by Abdul Waheed et
al. (2023), who added environmental awareness, infrastructural support, and cost as new predictors. Their
findings support the notion that recycling behavior arises from the interaction between the individual's intrinsic
predispositions and situational factors.

The situated evidence offered by campus-scale case studies shows that socioeconomic and attitudinal
determinants (Daoud et al., 2025; Yang et al., 2021), coupled with perceptions of plastic packaging (Guan et al.,
2023), directly influence the decision to separate waste.

Metric rigor in this field was consolidated through the validation of a multidimensional instrument of responsible
recycling behavior (Ugulu, 2026). Several studies have documented both the pro-environmental behavior in the
face of plastic management (Dalu et al., 2023) and the dissonance between the perceptions and real behaviors
of architecture, engineering, and construction students. This group is strategic due to its direct impact on the
industry with the highest waste generation (Zhang et al., 2021). The analysis of material flows compensates for
the limitations of self-reports by providing objective behavioral indicators (Alarinta et al., 2023). Finally, recycling-
based STEM educational interventions show a positive impact on students' environmental attitudes and practices
(Karakuyu & Karafil, 2026; Nagatomo, 2024).

Pedagogical and institutional strategies: intervening to transform

The fourth axis represents the articulating core of this review, as it groups together those interventions aimed at
modifying knowledge, attitudes and practices. This approach is based on the postulates of Hungerford and Volk
(1990) regarding the variables of environmental behavior change. Recent evidence, on the other hand,
materializes this theoretical framework through three different modalities.

The first modality is curricular integration, within which Ayoub Moubareck (2022) evaluated a composting project
within a microbiology course and measured its impact compared to conventional pedagogy. In turn, Iglesias-
Gonzalez et al. (2024) incorporated the principles of the circular economy and waste recovery in a laboratory
practice with undergraduate students. Along the same lines, Bohvalovs et al. (2025) designed an interactive
pedagogical tool for cleaner production, based on system dynamics.

The second modality is playful and experiential pedagogy; Within it, two key approaches stand out. First, the
experience reported by De Feo (2026) mobilized more than 90,000 students by combining science and creativity
to empower them. Second, the serious game CircAgri, developed by Grillot and Martin (2026), allows participants
to explore circularity through role-playing. The third modality corresponds to service-learning: Sulaiman et al.
(2025) documented an experience in which 32 university students served as retraining instructors for
schoolchildren.

At the institutional level, the literature evidences the need to link the educational process with campus
governance. Approaches such as the circular economy, cradle-to-cradle principle, and zero waste can be
integrated into teacher education (Kowasch, 2022). At the same time, the adequacy of curricula and the
development of sustainable campuses are consolidated as strategic pillars for the modernization of higher
education (Machado & Davim, 2023).
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This axis reveals a crucial limitation, as Manfredi et al. (2021) point out: the development of awareness through
environmental education does not guarantee, by itself, an alteration in the individual's habits. Hence, it is
necessary to couple it with the management of institutional change (Aedi, 2024). It is also essential to promote
initiatives that link environmental education and the circular economy, including at the postgraduate level (Pisuttu
et al., 2024; Silva Jaramillo et al., 2024). On the other hand, a group of interventions is oriented towards the
modification of the culture and institutional image (Al-Dmour, 2023; Craveiro et al., 2025; Mansour, 2024), while
others focus on the governance of sustainability transitions (Jimu & Rennkamp, 2024).

A series of action research studies shows the feasibility of adapting these strategies to basic education, which is
thus consolidated as a fundamental space to promote environmental culture (Barboza-Contreras & Soto-Lopez,
2021, Cirimarco & De Oliveira, 2022; Mufoz Ramirez, 2025; Piarpuezan et al., 2023). At this level, the circular
economy model has been implemented as an eco-pedagogical strategy that familiarizes students early with
recycling practices (Carvalho & Cruz, 2025).

Barriers and sociocultural facilitators.

The fifth axis categorizes the variables that condition the passage from intention to action. Kollmuss and
Agyeman's (2002) model of the value-action gap provides a theoretical framework for understanding why
favorable disposition toward a cause does not always translate into tangible behaviors. Regarding facilitating
factors, Kountouris and Remoundou (2023) presented causal evidence when employing educational reforms in
Greece as an exogenous variation. Their findings show that higher education increases recycling at home and
makes university education a structural facilitator of pro-environmental behavior.

When examining the recent literature, the convergence between two syntheses stands out: that of Oliveira and
Proenca (2025) on sustainable campus operations and that of Vergani (2024). Their findings identify three
structural barriers: insufficient infrastructure, fragmentation of governance, and weak institutionalization.
Bibliometric studies complement the current panorama: while Alazaiza et al. (2024) examine the evolution of
research on student awareness, Rodriguez-Guerreiro et al. (2024) analyze management practices. Together, both
works delimit both the advances and the existing gaps in the discipline.

Regional evidence, on the other hand, shows that barriers and enablers depend to a large extent on the
institutional particularities of each country. This is corroborated by research in the European context (Gherhel
et al.,, 2024) and in Latin America, with the cases of Brazil (Borges et al., 2024; Savi-Bortolotto et al., 2025),
Mexico (Herrera Godina et al., 2025; Jiménez-Martinez & Garcia-Barrios, 2020), Chile (Navarrete et al., 2020)
and Venezuela (Villalba & Useche, 2021). This contextual dependence underlines the need to formulate situated
diagnoses prior to any intervention.

These situated diagnostics reveal that the particular components of campus metabolism operate in a dual way:
they are both barriers and opportunities. Perez-Lopez et al. (2021) evaluated the ecological footprint derived from
mobility at the University of A Coruna as an initial phase for the formulation of reduction policies. Silva et al. (2024)
measured, in 10,278 meals from a Portuguese university canteen, the inadequacy of the portions served and
food waste.

Du Rand et al. (2024) applied systems theory to food waste prevention in a university food service. Meireles et
al. (2022), in turn, evaluated the environmental impacts of solid waste in a Brazilian university, in dialogue with
the National Solid Waste Policy. All these cases show that detecting technical and socio-institutional obstacles in
time is essential to design more effective waste management strategies in the university environment.

Main finding

The literature review indicates that the environmental culture of recycling in higher education institutions acts as
an emergent property. This construct emerges from the joint action of three interdependent dimensions: cognitive
(environmental knowledge), affective (attitudes and values) and structural (infrastructure and governance); none
of them, isolated, is sufficient to produce it.

The mere acquisition of knowledge represents an essential starting point, but not a guarantee. Attitude serves
as a link between cognition and action, while the effectiveness of pedagogical strategies depends directly on the
institutional context. This integrative view transcends the fragmentation that was denounced in the introduction
and offers a structured scheme to understand the heterogeneity of the literature reviewed.

Comparison with the literature and explanatory mechanisms
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The evidence obtained validates and refines the postulates of the classical theoretical models. The limitation of
isolated knowledge is alighed with the typology proposed by Frick et al. (2004). On the other hand, the gap
between attitude and action, which persists throughout the corpus, is understood through the model of Kolimuss
and Agyeman (2002), which attributes this disconnection to internal and external factors. Finally, from the Theory
of Planned Behavior (Ajzen, 1991), the role of perceived behavioral control explains why the intention to recycle
lacks practical viability in the absence of adequate infrastructure, such as differentiated containers and collection
centers.

The evidence indicates, as Manfredi et al. (2021) have already warned, that the policies with the greatest impact
are those that go beyond purely informational measures and integrate them with experiential approaches and
structural modifications in university governance. In a complementary way, the findings of Kountouris and
Remoundou (2023) indicate that the active intervention of universities in the promotion of an environmental
culture enhances an effect that higher education itself exerts underlying.

The joint action of the three dimensions responds to three mechanisms. The first is cognitive: behavior is
activated with knowledge of action and effectiveness, rather than with factual information alone. For this reason,
interventions based on learning by doing (projects, laboratory practices and serious games) are more effective
than classic expository teaching (Cebi & Arslan, 2025; Erhabor & Reis, 2026; Grillot & Martin, 2026; Iglesias-
Gonzalez et al., 2024).

The second mechanism is of an affective-normative nature; that is, the intention is mediated by pro-environmental
attitudes and social norms, but it is diminished when the social and institutional environment does not
accompany. This dynamic explains the constant discrepancy between favorable dispositions and materialized
actions (Alves et al., 2023; Ferreira et al., 2023; Pardal et al., 2025).

The third mechanism has a structural basis; that is, perceived behavioral control, highly dependent on the
institutional environment (infrastructure and governance), defines whether the intention finally leads to a
concrete act. Consequently, material investment and institutional coordination are not secondary elements, but
fundamental prerequisites for behavior development (Abdul Waheed et al., 2023; Muniandy et al., 2021; Oliveira
& Proencga, 2025; Vergani, 2024). In summary, the results show that interventions with the greatest impact
require a multidimensional and simultaneous approach, as opposed to actions that are limited to a single
dimension.

Implications for the University of Guayaquil

Based on the synthesis, it is imperative to establish for the University of Guayaquil five guidelines that are
consistent with the national regulatory framework (National Assembly of Ecuador, 2017; Ecuador, 2021). The
sensible thing to do is to start with a baseline diagnosis that characterizes, quantitatively and qualitatively, the
generation and composition of waste by faculty and by campus, following the logic of university characterization
studies (Budihardjo et al., 2021; Owojori et al., 2022; Rodriguez-Guerreiro et al., 2024).

The absence of such a baseline compromises the verifiability of deviation targets and the subsequent evaluation
of interventions. Therefore, the transversal curricular integration of environmental education is urgent to prevent
sustainability from being relegated to isolated subjects. This should permeate the curricula of the different
disciplines, based on previous practices that have incorporated recycling and the circular economy both in regular
courses and in teacher training (Ayoub Moubareck, 2022; Iglesias-Gonzalez et al., 2024; Kowasch, 2022).

Third, it is recommended to implement experiential and service-learning approaches to train students as active
agents of change in their community (De Feo, 2026; Sulaiman et al., 2025). The fourth guideline consists of
guaranteeing the infrastructure for separation at source through differentiated containers and collection centers.
This is a basic material requirement, since without it the perceived behavioral control is low, which prevents the
intention to recycle from landing in a real action (Ajzen, 1991; Daoud et al., 2025).

Environmental education is insufficient if it is not accompanied by the infrastructure and resources necessary for
action. Consequently, the fifth guideline requires institutional governance of sustainability that brings together
teaching, research, and campus operation. This framework must be governed by responsible policies and
structures, in accordance with the environmental management models designed for HEIs (Herrera Godina et al.,
2025; Jiménez-Martinez & Garcia-Barrios, 2020; Sen et al., 2021), and to provide feedback on Ecuadorian
experiences already documented (Garabiza et al., 2021; Silva Jaramillo et al., 2024). The five guidelines make
up an interdependent ecosystem: the diagnosis is the basis for training, this has an impact on attitudes, while
the infrastructure enables the conduct and governance sustains the viability of the process in the long term.
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Limitations

The scope and restrictions of this review need to be recognized. The decision to limit the corpus to open access
literature responds to criteria of transparency and reproducibility; However, this choice carries the risk of having
excluded significant contributions available only under subscription. There is also a fundamental limitation: the
integration of diverse designs makes it impossible to reduce the results to a unified metric and orients the
approach to evidence towards a narrative reading. This process inherently involves an interpretation; to narrow it
down, we set the categories in advance and contrast each study with the WMAT criteria.

We also recognize the existence of a possible selection bias. The integration of the library curated by the
researcher with systematic searches in databases expanded the documentary scope, but it implied that risk. To
mitigate this, explicit eligibility criteria and a unified coding protocol were applied for all studies. Finally, there is
a limitation that restricts the applicability of the proposals: the scarcity of empirical evidence circumscribed to
the Ecuadorian context. For this reason, various guidelines are based on analogies with nearby countries in Ibero-
America, which requires a prudent interpretation when extrapolating these results to the reality of Guayaquil.

Future research

In order to guide future research, four priority lines are formulated. The first of them focuses on the execution of
primary empirical studies in the Ecuadorian university context, with measurement tools already validated (the
Ugulu scale, 2026, and the VARICA model of Valencia-Ordonez et al., 2025), in order to measure the knowledge,
attitudes and practices of their community, second, longitudinal and quasi-experimental designs that evaluate
the sustained effect of educational interventions combined with infrastructural changes.

Third, research on the institutional governance mechanisms that allow university recycling initiatives to be scaled
up and sustained over time, fourth, comparative studies between faculties and between public and private
universities in Ecuador that allow contrasting the effect of different governance models and infrastructure
endowment on recycling results, as well as cost-benefit economic evaluations that support decision-making.

Conclusion

This review gathered recent evidence on the environmental education and culture strategies that promote solid
waste recycling in higher education, the picture that emerges is clear: the university recycling culture does not
depend on an isolated factor, it is formed at the intersection of five planes, environmental knowledge, attitudes
and values, the practices of separation, the pedagogical-institutional strategies and the conditions of
infrastructure and governance, it is worth insisting on the nuance that runs through all the evidence, knowledge
is necessary, but it is not enough; attitudes mediate behavior; and education performs at its best only when it is
accompanied by structural changes on campus.

For the University of Guayaquil, this analysis is materialized in a structured planning that includes five
fundamental actions: quantifying, as a baseline, the volume and typology of the waste generated, mainstreaming
environmental education within the curricula, executing experiential learning dynamics in the university
community, financing the adaptation of physical facilities and institutionalizing sustainability through governance
responsible; a set of measures that is legally based on national legislation, while converging with the 2030
Agenda and its Sustainable Development Goals.

The fundamental value of this study lies in having combined two traditionally distant approaches (the technical
and the socio-educational) through their application in a specific institutional context. The validity of the five axes
and guidelines proposed goes beyond the case of Guayaquil; These can be hosted by other universities in the
region, as long as they adapt to their institutional realities. After all, recycling practices go beyond simple logistical
management: they represent a way for citizen training.
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