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Abstract
Implementing single-use plastic (SUP) reduction policies is critical for sustainability but remains a
challenge in complex institutions due to heterogeneous compliance. This study evaluated the
effectiveness of a restriction policy at the National University of Engineering in Peru, using waste
characterization data from 28 ecological points before and after a six-month intervention based on
diffusion and non-sanctioning monitoring. The analysis employed Wilcoxon tests for overall impact, K-
Means clustering for heterogeneity, and Spearman correlations to assess behavioral patterns. Results
revealed no statistically significant overall reduction in plastic bags; however, cluster analysis identified
three dis-tinct implementation patterns: 'Successful' (n = 7) with significant reductions, 'Moderate' (n = 
13), and 'Critical' (n = 8) where generation increased. Crucially, positive correlations were found between
the variation of bags and all other SUPs, indicating a "coherent behavioral response"—integral adoption
or rejection of the policy message—rather than a substitution effect. The study concludes that
interventions based solely on diffusion without effective governance yield heterogeneous results driven
by local context and institutional barriers. Consequently, future policies must combine clear regulations
with robust enforcement mechanisms and targeted incentives to ensure full compliance. This approach
not only ensures compliance but also prevents resource waste on ineffective strategies, thereby
optimizing logistical and operational efforts in the long term.

Introduction
The proliferation of single-use plastics (SUP) represents a global environmental crisis, which has driven
governments around the world to establish regulatory policies such as bans and taxes (Muposhi et al.,
2022). These interventions have demonstrated an effective capacity to generate behavioral changes on a
large scale. Notable examples include the marked reduction of 90–95% in the consumption of plastic
bags following the imposition of a levy in Ireland (a tax of 15 euro cents per bag) (Foolmaun et al., 2021;
Amir-ud-Din et al., 2024; Convery et al., 2007) and a considerable decrease in plastic bags on the coasts
of the United States (between a 25% and 47% reduction in the proportion of coastal litter) (Papp and
Oremus, 2025). Success in cases like that of Ireland has been attributed to fundamental actions in
implementation, such as the conducting of exhaustive consultations and the fostering of stakeholder
acceptance (Convery et al., 2007).

However, the efficacy of these policies is far from being universal, as they often lead to unintended
consequences that can diminish their total impact (Muposhi et al., 2022). A recurring phenomenon is
policy leakage, where consumers substitute a regulated plastic product for an unregulated one (Taylor,
2018). This effect was quantified in California, demonstrating that the reduction of 40 million pounds of
carryout bags was offset by an increase of 12 million pounds in the sales of garbage bags, which
represents a leakage rate of 28.5% (Macintosh et al., 2020). Analogously, an evaluation in the Australian
Capital Territory revealed that the decrease in thin plastic bags was largely offset by a higher
consumption of thicker alternatives, resulting in a minimal net plastic reduction of 275 tons (Macintosh
et al., 2020). This substitution effect has happened similarly in institutional environments, as
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demonstrated on a university campus like the University of Vermont where the ban on bottled water led
to an increase in the consumption of other sugary beverages packaged in plastic (Berman and Johnson,
2015).

Growing evidence suggests that the guarantee between success and failure of these policies depends
less on the type of measure implemented and more on the complexities of its enforcement and
governance (Muposhi et al., 2022; GAIA, 2025). Systematic reviews have identified important barriers to
success, including insufficient state capacity for monitoring and enforcement, the lack of viable and
affordable alternatives, and industry resistance (Muposhi et al., 2022; GAIA, 2025; Bócoli et al., 2025;
Food Standards Agency, 2025). The case of Mauritius, an island country in Africa, serves as a clear
example of these challenges, where a national ban on the use of plastic bags was cataloged as a failure
by 65% of the population due to poor enforcement and insufficient awareness (Foolmaun et al., 2021).

Conversely, success is strongly associated with the engagement of all stakeholders (Milbreta et al.,
2025). In fact, a comparative study of 12 countries concluded that the degree of participation of the
retail sector is often more critical for success than the policy instrument itself implemented (ban or levy)
(Milbreta et al., 2025). Furthermore, strategic analyses suggest that positive incentives (such as
subsidies to promote recyclable bags) and robust enforcement are more effective tools than purely
punitive measures (such as taxes or fines) to ensure the collaboration of economic actors in the long
term (Ali et al., 2021; Wang et al., 2022).

University campuses, as transcendental formative spaces of a society, are ideal scenarios to study these
implementation dynamics (Oludoye and Supakata, 2024; Seblos et al., 2023). The success of any policy
in this environment depends fundamentally on the awareness and behavior of the community, as has
been demonstrated in studies in Kenya (Omondi and Asari, 2021). Evidence suggests that even "soft"
and low-cost interventions, such as personal commitments, can be effective in reducing plastic
consumption in these environments (Truelove et al., 2023; Sustainability Online, 2025), especially when
policy adoption is influenced by social dynamics and factors (such as wealth, education, and social
network centrality) within the institution (Yang and Kim, 2019; Yang and Kim, 2020).

However, while macro-level factors influencing policy efficacy are well documented, there is a knowledge
gap in understanding how these factors operate to create markedly heterogeneous results within the
same institution. Few studies have analyzed the spatial and social variability of a policy's impact to
explain why it may succeed in one area of a campus while failing in another. This study addresses that
gap using a waste characterization methodology combined with a cluster analysis to verify the variable
efficacy of a single-use plastic reduction policy at the National University of Engineering in Peru. The
objective is to identify and characterize the distinct patterns of success and failure in implementation,
and to diagnose the institutional and behavioral barriers that foster this heterogeneity. The main findings
reveal that, in the absence of sanctions, the community's response was not uniform nor a simple
substitution, but a "coherent behavioral response" highly dependent on the local context, generating
three distinct implementation patterns: critical, moderate, and successful.
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Materials and methods

Study area and political context
The study was conducted at the National University of Engineering (UNI), a public university located in
Lima, Peru. For the 2024-1 semester, UNI registered a student population of 11,352 (UNI, 2025),
distributed across its eleven faculties: Architecture, Urban Planning, and Arts (FAUA); Science (FC);
Environmental Engineering (FIA); Civil Engineering (FIC); Economic Engineering, Statistics, and Social
Sciences (FIEECS); Electrical and Electronics Engineering (FIEE); Geological, Mining, and Metallurgical
Engineering (FIGMM); Industrial and Systems Engineering (FIIS); Mechanical Engineering (FIM);
Petroleum, Natural Gas, and Petrochemical Engineering (FIP); and Chemical and Textile Engineering
(FIQT).

During the preliminary visits conducted between November (2024) and May (2025), a total of 43 food
concessionaires, kiosks, and photocopy centers were identified operating within the campus. A review of
the available contracts and interviews with the managers of each establishment indicated that these
concessionaires operated under different contractual conditions, and none of the reviewed contracts
included specific clauses requiring compliance with university environmental regulations regarding
plastics.

The regulatory framework of the study is Rectoral Resolution No. 1788 – DIRECTIVE No. 010-2019-DIGA
UNI (UNI, 2019), titled "Law regulating single-use plastic and disposable containers or packaging at the
National University of Engineering," published on December 24, 2019. This resolution prohibits the use of
single-use plastics on campus. However, although the regulation formally exists, it lacks an explicit and
effectively applied protocol for enforcement and sanctions. This absence of robust governance
mechanisms is a known barrier to the effectiveness of environmental policies, a situation documented in
other international contexts, such as the case of Mauritius, an island country in the Indian Ocean, where
poor enforcement was identified as the main cause of failure (Foolmaun et al., 2021). This particular
scenario at UNI, characterized by a formal policy without coercive enforcement (low governance) and a
heterogeneous population of actors (faculties, concessionaires), offers a valuable opportunity to
evaluate the effectiveness of non-sanctioning interventions.

Quasi-experimental design and intervention
Given that existing literature has identified implementation as a critical factor leading to heterogeneous
outcomes in plastic policies, even among countries with similar policies (Muposhi et al., 2022; GAIA,
2025), it is necessary to analyze this variability at a finer scale, such as within a single institution.
Therefore, the following quasi-experimental methodology was developed. This approach allows for
evaluating the impact of a policy in a real-world setting (a university campus), where complete
experimental control is not feasible (Truelove et al., 2023; Botella et al., 2022).
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The study design consisted of four main phases: (1) the establishment of a baseline through an initial
waste characterization; (2) the design and implementation of an intervention based on dissemination
within a context of low enforcement; (3) the final quantification of changes in plastic waste generation
through a post-intervention measurement (pre-test/post-test design); and (4) a multilevel statistical
analysis to evaluate both the overall impact and heterogeneous implementation patterns. Figure 3
summarizes the methodological flow of the study.

Between the two waste measurements (pre-test and post-test), a targeted intervention was implemented
over a 2-month period. This intervention combined dissemination and monitoring strategies, approaches
shown to be effective in influencing behavior in community settings (Seblos et al., 2023; Van Hau et al.,
2025), especially when sanctioning measures are not applicable. The institutional barriers that prevented
the application of sanctions included: (a) the absence of specific environmental clauses in current
concessionaire contracts and (b) the lack of authorization from the General Directorate of Administration
(DIGA) to impose penalties.

The intervention consisted of two main components:

Educational and dissemination component

In accordance with studies underscoring the importance of consumer awareness (Oludoye & Supakata,
2024), a total of 20 sensitization talks were conducted, both in-person and virtually (lasting 30–45
minutes), targeted at concessionaires, administrative staff, and students. Attendance averaged 30
people for in-person talks (FIIS, FIC, FIEE, FIQT, FIEECS) and 50 for virtual sessions (FIM, Central
Pavilion), covering approximately 70% of workers and 15% of students. These talks addressed the
environmental consequences of single-use plastics (bags, cups, straws, etc.) and presented available
alternatives. Additionally, informative posters detailing the current regulations (Rectoral Resolution No.
1788–2019) were distributed and placed at each concessionaire point of sale. Photos of the poster
delivery are provided in Online Resource 1 (Fig. S1).

The alternatives proposed during the talks were as follows:

For university concessionaires: The complete substitution of the monitored plastics (bags, straws,
breakfast bottles, beverage bottles, and food containers) with kraft paper bags and natural fiber
materials was proposed, an alternative recommended by the research project “Alternatives to single-
use plastics in food packaging and production” due to its acceptance by various consumers (Food
Standards Agency, 2025; Omondi & Asari, 2021). In line with "zero waste" models applied on other
campuses such as Xi'an Shiyou University, vendors were urged not to provide takeout food by
default or, when necessary, to migrate towards the use of bamboo, cardboard, or biodegradable fiber
containers to minimize the impact of disposable packaging (Food Standards Agency, 2025; He & Yu,
2023). Photos of the talks given to administrative staff and concessionaires (Online Resource 1, Fig.
S2).
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For students and workers: During the sensitization talks, the importance of voluntary individual
action was emphasized (Sustainability Online, 2025). They were actively requested to try to
consume food within the establishment; if unable, to bring their own container for food consumption
and use reusable bottles for beverages, thus promoting a refill and reuse model that reduces
dependence on single-use plastic, as indicated by the literature review conducted in the research
project “Alternatives to single-use plastics in food packaging and production” (Food Standards
Agency, 2025). Photos of the sensitization process (Online Resource 1, Fig. S3).

Monitoring component (Non-Sanctioning)

Periodic unannounced inspections of concessionaires were conducted. These inspections were purely
observational, recording the degree of compliance and barriers reported by vendors in a standardized
format (Online Resource 1, Table S1). The collected information was verbally communicated to the
concessionaires. This absence of formal administrative consequences reflected the practical realities of
policy implementation in contexts with low enforcement capacity. Photos of inspection activities are
available in Online Resource 1 (Fig. S4).

Data collection and quantification
A pre-test/post-test design was employed. Two plastic waste characterization studies were conducted
at 28 ecological points strategically distributed throughout the campus: a baseline measurement
("before") and a final measurement ("after"); all measurements were completed using a standardized
format (see Online Resource 2, Table S3). Both measurements were carried out during a full week prior
to the end-of-cycle academic evaluations.

Cleaning staff daily collected the contents of the bins corresponding to recyclable and non-recyclable
waste from these points. The quantification of the items of interest was performed daily as follows:

Plastic bags, straws, and bottles: A direct count of the number of units present in the waste bags
collected from the appropriate bins was performed. Two types of PET bottles were distinguished
based on their predominant use on campus: "breakfast bottles" (containers for drinks such as
quinoa, maca, oats, usually < 500mL) and "water/soda bottles" (containers for water, sodas,
rehydrating drinks, usually > 500mL).

Food containers (Tuppers): Disposable food containers (expanded polystyrene, polypropylene, etc.)
were separated, visible food residues were removed, and the total mass (in kg) was weighed using a
calibrated scale.

Photos of the characterization process are shown in Online Resource 1 (Fig. S5).

Statistical analysis
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Two levels of statistical analysis were applied to evaluate the impact of the intervention. All analyses
were performed using R statistical software (version 4.2.0).

Global impact assessment
To determine if there was a statistically significant change in the generation of each type of waste at the
campus level, the non-parametric Wilcoxon signed-rank test was used (Botella et al., 2022; Wilcoxon,
1945). This method is standard for comparing paired samples that do not exhibit normal distribution and
is used in similar contexts of waste intervention evaluation (Botella et al., 2022; Zulfa & Nugraheni, 2020;
Geiger et al., 2019). This test was selected because the waste characterization data did not meet the
normality assumptions required for parametric tests. The medians of the differences between the paired
observations ("Before" vs. "After") were compared to determine if they were significantly different from
zero.

Heterogeneity analysis
To investigate the variability of the results, a K-Means cluster analysis was performed, a technique widely
used for data segmentation and classification of individuals into homogeneous groups (Bantel et al.,
2013; Sipayung & Hasugian, 2025). This approach allows for the identification of groups of ecological
points with similar patterns of change.

Data Preparation: The input variables for the algorithm were the differences ("After" - "Before") in the
generation of the five types of waste (bags, straws, breakfast bottles, water/soda bottles, food
containers) for each ecological point. Given that the variables had heterogeneous units and scales,
the data were standardized (transformed to Z-scores) prior to analysis (Sipayung & Hasugian, 2025;
Luo, 2026). This step is crucial to ensure that all variables contribute equally to the distance
calculation in the clustering.

Determination of the number of clusters: The Elbow Method was used to identify the optimal
number of clusters (k = 3) (Sipayung & Hasugian, 2025; Luo, 2026; Bertilsson & Remle, 2018).

Visualization: Principal Component Analysis (PCA) (Zhang & Srinivasan, 2021; Seblos et al., 2023;
Análisis exploratorio por Componentes Principales y Clúster, 2025; IBM, 2025) was employed on the
standardized data to visualize the separation of the clusters on a two-dimensional scatter plot.

Correlation analysis
To explore the interrelationship between behavioral changes, the Spearman Rank Correlation test was
used (Zhang & Srinivasan, 2021; Dalu et al., 2023; Jeon & Campbell, 2025; Mester et al., 2021), suitable
for non-parametric data and ordinal scales (Zhang & Srinivasan, 2021; Chauhan et al., 2025). The
association between the variation in plastic bags and the variation in each of the other four types of
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waste (straws, breakfast bottles, water/soda bottles, and food containers) was evaluated across the 28
ecological points.

Finally, the patterns identified in the clusters were interpreted considering the context and qualitative
observations collected in the different zones of the campus during the intervention period. The full raw
data used for the analysis are provided in Online Resource 1 (Table S2).

Results

Overall impact of the intervention
The analysis of the overall impact of the intervention across the 28 ecological points is presented in
Table 1. The application of the Wilcoxon signed-rank test for paired samples indicated that there was no
statistically significant reduction in the generation of plastic bags (W = 160, p = 0.218), straws, or plastic
breakfast bottles at the campus-wide level.

In contrast, a statistically significant increase was found in the mass of disposable food containers
(tuppers) discarded (W = 329, p = 0.015), increasing from a median of 0.34 kg in the initial measurement
to 0.53 kg in the final measurement. While this finding initially indicated a compensatory increase in
disposable containers, the underlying behavioral mechanism is further clarified in the correlation
analysis (Section 3.3).

Table 1
Results of the Wilcoxon test for the variation in plastic waste generation before and after the intervention

(n = 28).
Residue Type Median

"Before"
Median
"After"

W
Statistic

p-
value

Result (α = 0.05)

Plastic bags (units/day) 117.00 106.00 160.0 0.218 Not Significant

Straws (units/day) 8.00 10.00 208.5 0.648 Not Significant

Breakfast plastic bottles
(units/day)

17.00 24.00 249.0 0.152 Not Significant

Beverage bottles
(units/day)

34.00 33.00 121.0 0.038 Statistically
Significant

Tuppers (kg/day) 0.34 0.57 329.0 0.015 Statistically
Significant

Heterogeneity Analysis: Implementation Patterns
To investigate the variability in the response to the intervention, K-Means cluster analysis was applied.
The choice of the optimal number of clusters (k = 3) was determined using the Elbow Method, the results
of which are presented in Fig. 4. Once the algorithm was applied, three distinct and statistically
separable groups were identified among the 28 ecological points.
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These clusters represent different patterns of change in plastic waste generation observed at the
ecological point level. The quantitative characterization of each cluster, based on the average variation
("After" - "Before") of each waste type, is detailed in Table 2.

To contextualize these patterns, Table 3 presents the assignment of each ecological point (PE) to its
corresponding cluster, along with its main location within the campus (Faculty or administrative area).

Figure 5 visualizes the clear separation of these three clusters in a two-dimensional space using
Principal Component Analysis (PCA), where each point represents a labeled ecological point.

As observed in Fig. 5 and detailed in Table 3, the clusters group ecological points with distinct behaviors:

Cluster 1 ('Moderate Improvement', n = 13): The largest group, shown in red, represents EPs with
mixed results (slight reductions in some items, increases in others). These points were distributed
across diverse areas, including FIM, Central Pavilion, FIGMM, FIQT, Central Library, FC, FIIS, FIP, and
FIA.

Cluster 2 ('Successful Points', n = 7): Shown in green, this group aggregates PEs that experienced a
significant reduction in most types of plastic waste. These points were located near main entrances
(Gates 4 and 5) and in areas associated with the faculties of Architecture (FAUA), Chemical
Engineering (FIQT), Central Library, Environmental Engineering (FIA), and Civil Engineering (FIC).

Cluster 3 ('Critical Points', n = 8): Visualized in blue, this group aggregates PEs where a generalized
increase in the generation of most types of plastic waste was observed (see Table 2). These points
were predominantly located in areas associated with the faculties of Mechanical Engineering (FIM),
Electrical Engineering (FIEE), the Central Pavilion, and the Medical Center.

Table 2
Quantitative characterization of implementation clusters according to the average change in waste

(After - Before).

  Average Change in Waste Generation

Cluster Profile n Plastic
bags

Straws Breakfast
plastic bottles

Beverage
bottles

Tuppers
(kg)

Cluster 1: Moderate
Improvement

13 -10.2 -1.5 1.4 -8.5 0.3

Cluster 2: Successful
Points

7 -116.0 -4.6 -8.9 -44.3 -0.3

Cluster 3: Critical
Points

8 67.4 8.8 20.1 13.5 1.4

Notes: n: Number of ecological points belonging to each cluster.

Values (+): Indicate an average increase in the generation of that residue.
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Values (-): Indicate an average decrease in the generation of that residue.



Page 11/23

Table 3
Cluster assignment and main location of each EP on campus.

No. Ecological Point (EP) Main Location (Faculty/Area) Assigned Cluster

1 PE1 FIM 1 (Moderate)

2 PE2 FIM 3 (Critical)

3 PE3 Gate 3 3 (Critical)

4 PE4 FIM 3 (Critical)

5 PE5 Central Pavilion 1 (Moderate)

6 PE9 Gate 4 2 (Successful)

7 PE10 Central Pavilion 1 (Moderate)

8 PE11 FIGMM 1 (Moderate)

9 PE12 Central Library 3 (Critical)

10 PE14 FAUA 2 (Successful)

11 PE15 FIA 1 (Moderate)

12 PE16 FIM 3 (Critical)

13 PE18 FIQT 1 (Moderate)

14 PE21 FIQT 2 (Successful)

15 PE22 FIGMM 1 (Moderate)

16 PE23 Central Library 1 (Moderate)

17 PE25 Central Library 2 (Successful)

18 PE26 Gate 5 2 (Successful)

19 PE27 FC 1 (Moderate)

20 PE28 FIIS 1 (Moderate)

21 PE35 FIIS 2 (Successful)

22 PE39 FC 1 (Moderate)

23 PE40 FIP 1 (Moderate)

24 PE41 FIEE 3 (Critical)

25 PE42 FIA 1 (Moderate)

26 PE43 Central Pavilion 3 (Critical)

27 PE44 Medical Center 3 (Critical)
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No. Ecological Point (EP) Main Location (Faculty/Area) Assigned Cluster

28 PE45 FIC 2 (Successful)

Correlation analysis of changes in plastic waste
To investigate whether changes in plastic bag usage were related to changes in other plastics, Spearman
correlations were calculated. The results, presented in Fig. 6, show a consistent and notable pattern:
positive and statistically significant correlations were found between the variation in plastic bags and the
variation in all other analyzed waste types (straws, beverage bottles, breakfast bottles, and food
containers). These results indicate a comprehensive coherent behavioral response rather than a
substitution effect. This effect had already been presented in previous contexts such as the COVID-19
pandemic (Jayasinghe et al., 2022; Krawczyk et al., 2024).

The strongest association was observed with food containers (ρ = 0.678, p < 0.001) and beverage bottles
(ρ = 0.662, p < 0.001), followed by straws (ρ = 0.570, p = 0.002) and breakfast bottles (ρ = 0.497, p = 
0.007). These results indicate that ecological points where plastic bag generation decreased also tended
to experience a decrease in other plastics, and vice versa. This pattern suggests a coherent behavioral
response to the comprehensive intervention, rather than a substitution effect between waste types. In
other words, sub-communities tended to either adopt or reject the sustainability message in a
generalized manner for all plastic products included in the dissemination campaign.

Discussion

Principal findings and interpretation
The results of this study reveal a complex narrative regarding the implementation of plastic reduction
policies in institutional settings. The finding that there was no statistically significant global reduction in
plastic bag generation should not be interpreted as an intrinsic failure of the regulatory policy itself, but
rather as a direct consequence of the limitations of the implemented intervention, which lacked rigorous
enforcement mechanisms, thus responding to the objective of evaluating efficacy in a low-governance
context. Conversely, this average result suggests that the response to the intervention varied
considerably across different campus areas, a heterogeneity that the cluster analysis successfully
highlighted. The findings of the present research indicate that the efficacy of an intervention based on
dissemination and non-sanctioning monitoring is extremely dependent on the reality and commitment of
each faculty, as well as preexisting systemic barriers. Although ecological points are freely accessible,
the waste patterns observed in them evidence a correlation with the dynamics and degree of
commitment prevailing in neighboring faculties and offices.

Cluster 2 ('Successful Points', n = 7) demonstrates that, in certain campus areas, the intervention was
sufficient to catalyze positive change in areas with greater collaboration. This success, observed in PEs
associated with faculties such as FIC and FAUA (see Table 3), where greater collaboration for talks and
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visible commitment were documented, aligns with the effectiveness that voluntary interventions have
shown (Truelove et al., 2023; Sustainability Online, 2025). Cluster 1 ('Moderate Improvement', n = 13),
which includes PEs in zones like FIIS, FC, and FIP, represents partial compliance, reflected by
administrative-level support (dean's office) that did not fully translate into change by all concessionaires
and users in those areas. On the other hand, Cluster 3 ('Critical Points', n = 8), with PEs located
predominantly near FIM, FIEE, and the Central Pavilion, represents a clear case of implementation
barriers. Specifically, systemic obstacles were identified such as the absence of environmental clauses
in current contracts, lack of basic infrastructure (washing points) necessitating the use of disposables
for hygiene, and economic resistance from vendors facing the higher cost of alternative packaging. The
increase in waste in these zones directly correlates with these field observations, added to a high
demand for takeout food and low visible commitment from local authorities. This scenario reflects that
poor compliance and lack of enforcement drastically limit the success of plastic bans (Milbreta et al.,
2025; Seblos et al., 2023; Heyde & Butcher, 2024). The observed dynamics, where some concessionaires
complied while others did not, generated unequal competition that ultimately discouraged generalized
change.

The coherent behavioral response: A novel finding
A particularly significant finding of this study was the pattern revealed by the correlation analysis.
Contrary to the initial expectation of a "substitution effect" (Taylor, 2018; Macintosh et al., 2020; Berman
& Johnson, 2015), positive and statistically significant correlations were found between the variation of
plastic bags and all other analyzed waste types (Fig. 6). Given that the educational intervention covered
all types of plastics, this result suggests a coherent behavioral response. This means that the different
campus sub-communities tended to adopt or reject the sustainability message holistically for all
products, rather than substituting one bad habit for another.

This coherent response is clearly manifested through the three identified clusters. Cluster 2 ('Successful
Points') represents the groups that adopted the integral message. In PEs such as PE14 (FAUA), the
notable reduction in bags was accompanied by a reduction in food containers, reflecting the high
cooperation observed in that faculty. Conversely, Cluster 3 ('Critical Points') exemplifies the coherent
rejection of the policy. PEs in FIM (such as PE2, PE4, PE16) showed considerable increases in both bags
and food containers, which correlates with the observed barriers: symbolic enforcement, concessionaire
resistance, and low interest from authorities. This scenario validates the critical importance of
governance; without effective enforcement, compliance is left at the mercy of individual will, generating a
gap between attitude and actual action (Milbreta et al., 2025; Sustainability Online, 2025; Heyde &
Butcher, 2024). Previous studies explain that motivation alone is insufficient if physical opportunity
(adequate infrastructure) and capacity (practical knowledge) are not guaranteed (Sustainability Online,
2025; Van Hau et al., 2025).

All mentioned factors (impossibility of applying sanctions, concessionaires without contracts, lack of
incentives, uncommitted authorities) evidence systemic barriers that limited the intervention (Muposhi et
al., 2022). This research empirically validates that stakeholder engagement and effective governance are
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more determinant than the regulation itself (Milbreta et al., 2025). The lack of effective enforcement
mechanisms left the decision to comply entirely to the will of each sub-community, originating coherent
but heterogeneous responses.

Limitations
Finally, limitations must be noted: this is a single case study and the intervention period was short;
furthermore, the registration of new students each semester can complicate intervention perspectives,
which is why this analysis should be conducted over the long term. However, the depth of the contextual
analysis and the identification of implementation patterns offer valuable lessons. Future research should
explore long-term impacts and evaluate interventions that include economic incentives (Ali et al., 2021).

Conclusions
This article addresses the efficacy of plastic reduction policies in complex institutional settings, a key
challenge in global waste management. Specifically, the effectiveness of an intervention based on
dissemination and non-sanctioning monitoring, applied on a university campus in Peru, was evaluated.
The results did not show a statistically significant relationship between this specific intervention and a
generalized reduction in plastic waste. On the contrary, efficacy was strongly influenced by
implementation barriers and local context, leading to the identification of three heterogeneous response
patterns: success, partial compliance, and failure.

The findings of this study highlight key considerations for policymakers. First, they demonstrate that
policies lacking robust enforcement and sanction mechanisms, and/or failing to achieve effective
awareness and engagement across the entire community, have limited efficacy and can generate
unintended consequences, such as the increase of certain types of plastics. The evidence of a coherent
behavioral response suggests that comprehensive interventions provoke a radical adoption or rejection
of the message. Second, cluster analysis reveals itself as a powerful diagnostic tool to identify "critical
points" and "successful points" requiring differentiated strategies. Therefore, it is concluded that a one-
size-fits-all approach is insufficient; to achieve comprehensive change, future waste management
policies must combine clear regulations with tangible incentives, effective governance, and a structured,
continuous plan for both enforcement and awareness adapted to the different actors.
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A Ecological Point
B Green container

Figure 2

Map of ecological points



Page 20/23

Figure 3

Summary of the steps, methods, and results of the study.
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Figure 4

Visualization of the optimal number of clusters using the Elbow Method.
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Figure 5

Visualization of the three implementation clusters using Principal Component Analysis (PCA).



Page 23/23

Figure 6

Spearman Rank Correlation between the variation of Plastic Bags and other characterized plastics.
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