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Abstract 

Introduction

Safe medication disposal is crucial for public health and environmental sustainability, 

yet public awareness remains limited. While educational campaigns exist, pharmacy 

students can serve as key advocates in promoting proper disposal practices. This 

study integrates experiential learning and peer-led education to enhance students’ 

advocacy skills.

Methods

A two-phase mixed-method approach was used. In Phase 1, 35 pharmacy student 

ambassadors underwent hands-on training at community pharmacies, actively partic-

ipating in medication take-back programs. Their experiences were documented and 

analyzed thematically. In Phase 2, they conducted a peer-led workshop for 43 under-

graduate pharmacy students. A pre- and post-test assessed knowledge improvement 

among workshop participants.

Results

The thematic analysis identified five key themes: increased awareness, recognition of 

environmental and health risks, sense of responsibility, motivation for advocacy, and 

challenges in promoting safe disposal. Knowledge among workshop participants sig-

nificantly improved, increasing from mean score 6.86 to 8.44 (Z = −4.827, p < 0.001), 

demonstrating the effectiveness of peer-led education.
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Conclusion

Experiential learning combined with peer-led education effectively strengthened 

pharmacy students’ knowledge and advocacy for safe medication disposal. Engaging 

students as educators not only enhanced their own competencies but also improved 

awareness among peers. This approach empowers future pharmacists to advocate 

for responsible disposal practices within their communities.

Introduction

Safe medication disposal is a critical yet often overlooked aspect of healthcare, with 
significant implications for public health, environmental protection, and community 
well-being. Improper disposal practices, such as flushing medications down the toilet 
or discarding them in household waste, can lead to water contamination, ecolog-
ical disruption, and inadvertent human exposure to pharmaceuticals [1–4]. While 
medication take-back programs have been introduced to mitigate these risks, public 
awareness and participation remain limited. Addressing this issue requires a com-
prehensive strategy that not only educates the public but also empowers healthcare 
professionals to advocate for proper disposal practice.

Healthcare professionals play a pivotal role in promoting safe medication disposal, 
as they influence both clinical practice and public behaviour [5]. Among them, phar-
macists are uniquely positioned due to their expertise in medicine management. As 
future healthcare providers, pharmacy students must therefore be equipped with the 
necessary knowledge and skills, given their potential to influence public behaviour on 
this issue [6–8]. Educational interventions have been shown to enhance pharmacist 
and pharmacy students’ understanding, attitudes, and practices related to medication 
disposal while fostering a more responsible approach to healthcare delivery [6,9,10]. 
However, evidence consistently highlights gaps in pharmacy curricula worldwide. For 
instance, a study among Saudi Arabian pharmacy students reported inappropriate 
knowledge and practices regarding medication storage and disposal, prompting calls 
for curriculum reform [11,12]. In Kosovo, Shuleta-Qehaja and Kelmendi found that 
although students recognised the environmental and public health risks of improper 
disposal, they lacked awareness of medication return procedures, underscoring the 
need for structured lectures and workshops on safe disposal within pharmacy cur-
ricula [12]. In Ethiopia, pharmacy students demonstrated positive attitudes towards 
ecopharmacology but inadequate knowledge and poor disposal practices, under-
scoring the need for education on pharmaceutical pollution within pharmacy pro-
grams. Collectively, these findings emphasise that pharmacy curricula often provide 
little education on medication disposal regulation and environmental impacts [13]. 
Addressing these gaps requires innovative educational strategies that extend beyond 
traditional didactic methods.

Beyond conventional education, experiential learning, which engages students 
through hands-on and real-world applications, has been recognised as a powerful 
learning method for reinforcing concepts and building confidence [14,15]. Additionally, 
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the impact of experiential learning can be further amplified through peer-led education, where students strengthen their 
own understanding by teaching their peers. Research shows that peer-assisted learning benefits both tutors and tutees 
by fostering knowledge exchange, improving intrinsic motivation and developing leadership skills [16]. Integrating both 
approaches of experiential learning and peer-led education, has the potential to create a sustainable model for knowledge 
dissemination and advocacy training.

This study evaluates the effectiveness of a student-led approach in bridging the educational gap in safe medication dis-
posal through the integration of experiential learning with peer-led knowledge sharing. By engaging students in advocacy 
activities and encouraging peer-based dissemination of knowledge, this approach seeks to empower pharmacy students 
with the skills and motivation to promote proper medication disposal in their future professional roles. It is anticipated that 
this model will contribute to sustainable education through a cascading effect, foster community involvement, and support 
the development of a more resilient and environmentally sustainable healthcare system.

Framework

This study integrates Kolb’s Experiential Learning Cycle (ELC) and the Peer Education Framework to guide the design, 
implementation and analysis of education intervention on safe medication disposal [15]. Kolb’s theory is well-suited for 
skill-based and behavioural education, as it emphasizes active participation, allowing learners to internalise concepts 
more effectively than passive instruction.

According to Kolb, learning occurs through the interaction of theory and experience [15]. His ELC conceptualises learn-
ing as a dynamic process consisting of four interconnected stages: Concrete Experience, Reflective Observation, Abstract 
Conceptualisation, and Active Experimentation (Fig 1). Engaging in all four stages foster a deeper understanding and skill 
development, ensuring a comprehensive learning experience.

Fig 1.  Adapted Kolb’s Experiential Learning Cycle (ELC) applied to Phase 1 safe medication disposal training. The model illustrates how student 
ambassadors progressed through Concrete Experience (hands-on participation), Reflective Observation (structured journaling), Abstract Conceptualisa-
tion (deriving insights), and Active Experimentation (peer-led workshops).

https://doi.org/10.1371/journal.pone.0343961.g001
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In Phase 1 of this study, Kolb’s ELC was embedded to engage student ambassadors in an iterative learning process. 
Students first gained direct exposure to safe medication disposal practices through hands-on activities (Concrete Expe-
rience). This was followed by reflecting their learning experience (Reflective Observation) and developing conceptual 
understanding based on their insight (Abstract Conceptualization). Finally, they applied their knowledge in practice by 
leading peer-led workshops, promoting knowledge exchange and advocacy (Active Experimentation). Through this cycle, 
student ambassadors not only reinforced their own learning but also inspired more pharmacy students to join the initiative. 
As new ambassadors engage in experiential learning, they sustain the learning cycle and expand the reach of the inter-
vention. This approach deepened students’ comprehension of safe medication disposal while fostering long-term engage-
ment and leadership development within pharmacy education.

Building on this foundation, the Peer Education Framework (Fig 2) was used as an implementation guide for Phase 
2, focusing on how student ambassadors transitioned from learners to peer educators after completing the final “active 
experimentation” stage of Kolb’s ELC (Fig 1). Instead of reiterating theoretical components, the framework informed the 
design of workshop activities; such as student-led discussions, scenario-based teaching, and collaborative knowledge 
sharing; and supported the interpretation of Phase 2 findings by highlighting how empowerment, peer influence, and 
engagement mechanisms contributed to shifts in knowledge and advocacy motivation [16].

By training student ambassadors as peer educators, the study created a cascading effect, broadening the reach of safe 
medication disposal education and fostering long-term behaviour change. Together, Kolb’s ELC and the Peer Education Frame-
work provided a structured, student-centred intervention that bridged educational gaps in pharmacy training, promoted active and 
peer-driven learning, and supported the sustainability of safe medication disposal practices within the healthcare community.

Kolb’s ELC guided the structure of Phase 1 by determining how student ambassadors progressed through hands-on engagement, 
structured reflection, conceptual synthesis and subsequent application in the peer-led workshop. Rather than restating the full theory, 
the model was used to sequence learning activities, ensuring that reflective journals captured observation and meaning-making, while 
the design of Phase 2 represented the final “active experimentation” stage. The Peer Education Framework, in turn, shaped Phase 2 
by outlining mechanisms for student-to-student influence, informing decisions about workshop facilitation, empowerment strategies, 
and the interpretation of how peer-led teaching contributed to shifts in knowledge and advocacy readiness [15,16].

Together, the two frameworks shaped not only the design of each study phase but also the analytic interpretation by 
clarifying how experiential reflection and peer influence contributed to observed cognitive and motivational shifts.

Methodology

Study design and settings.  We employed a mixed-method educational research design conducted over two phases. 
In Phase 1, qualitative data was collected to explore student ambassadors’ experiences and perceptions with their 

Fig 2.  Adapted Peer Education Framework applied in Phase 2 of the study. The framework highlights three dimensions of peer-led learning: 
Empowerment (building advocacy confidence), Engagement (interactive workshops fostering collaboration), and Sustainability (encouraging continuous 
advocacy in the pharmacy community).

https://doi.org/10.1371/journal.pone.0343961.g002
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participation in safe medication disposal programs organised by community pharmacies. In Phase 2, quantitative data was 
gathered to assess participants’ knowledge towards safe medication disposal before and after a student ambassadors-led 
workshop. The study flow is illustrated in Fig 3.

Phase 1: Practical engagement of student ambassadors.  Selected student ambassadors participated in a 
structured practical engagement program conducted at community pharmacy settings in March 2024 (1/3/2024–
28/3/2024). Student ambassadors were selected based on voluntary interest in community-based pharmacy activities, 
which may introduce self-selection bias, as students who chose to participate were likely already motivated or 
predisposed toward public health and advocacy-related initiatives. To ensure consistency in preparation, all student 
ambassadors received the same structured training delivered by pharmacists from the professional network, following a 
standardised set of instructions and expectations; however, individual differences in engagement and reflective depth may 
have contributed to variability in learning experiences.

During this phase, student ambassadors engaged in hands-on activities related to safe medication disposal, includ-
ing observing and assisting with medication return and disposal process. These activities aimed to build their practical 

Fig 3.  Flow of the study design. The study was conducted in two phases. Phase 1 involved the practical engagement of student ambassadors in 
safe medication disposal activities, followed by qualitative analysis of their reflection journals. Phase 2 consisted of a peer-led educational intervention 
with undergraduate pharmacy students. Participants first completed a validated pre-test questionnaire, then attended a peer-led workshop conducted 
by trained student ambassadors, and finally completed the same post-test questionnaire. Knowledge improvement was evaluated using the Wilcoxon 
Signed-Rank Test, while item-level changes were assessed with the McNemar Test.

https://doi.org/10.1371/journal.pone.0343961.g003
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knowledge and advocacy skills. Each ambassador documented their experiences in a structured reflective journal, detail-
ing the activities undertaken, lessons learned, challenges encountered, and successes achieved. The reflective journal 
prompts were developed specifically for this study to align with Kolb’s Experiential Learning Cycle. Four guiding ques-
tions were created to encourage students to articulate (1) concrete observations during engagement, (2) reflections on 
what they learned, (3) conceptual insights linking their experience to professional roles, and (4) anticipated future actions 
related to advocacy or public education. These prompts were reviewed by three researchers with experience in qualitative 
pedagogy to ensure clarity, relevance, and alignment with experiential learning theory.

The reflections were compiled and analysed qualitatively to identify recurring themes and insights into the ambassa-
dors’ learning experiences. The findings from this phase informed the development of Phase 2 peer-led workshop, ensur-
ing that real-world experiences translated into meaningful peer education. Reporting of the qualitative phase adheres to 
the consolidated criteria for qualitative research (COREQ) to ensure methodological transparency and rigor.

Phase 2: Peer-led workshop.  Building on their practical engagement, trained student ambassadors facilitated a 
peer-led safe medication disposal workshop in May 2024 (24/5/2024). This workshop aimed to educate and inspire 
undergraduate pharmacy students to integrate safe medication disposal practices into their future professional roles.

Participants for this workshop were recruited through convenience sampling via email invitations and social 
media announcements shared by pharmacy student representatives from public and private universities across 
Malaysia. In total, 43 students provided informed consent and attended the workshop. As recruitment occurred 
through convenience sampling, participants may differ systematically from non-respondents, introducing additional 
self-selection bias. Such bias may have resulted in higher baseline interest or familiarity with pharmaceutical 
waste topics among those who chose to participate. Pharmacy undergraduate students from Year 1 to Year 3 in 
2024 were invited to participate. Those who were unable to attend the workshop and unable to understand English 
were excluded from the study.

During the peer-led workshop, trained student ambassadors shared their training experiences and practical 
engagement while educating participants on proper medication disposal methods. This session provided insights into their 
journey and fostered an interactive learning environment through discussion and quizzes that reinforced key concepts. 
Pre- and post-tests were conducted to assess participants’ knowledge level towards safe medication disposal.

Insights from Phase 1 played a direct role in shaping the content and structure of the Phase 2 peer-led workshop. 
Thematic analysis of student reflections revealed recurring gaps in knowledge (e.g., uncertainty regarding environmentally 
appropriate disposal methods and the scope of pharmacist responsibility), as well as challenges such as lack of public 
awareness and limited access to disposal facilities. These themes guided the selection of workshop topics, which empha-
sized areas where students demonstrated limited confidence. Additionally, student-reported challenges; such as commu-
nicating risks to the public and clarifying misconceptions, were incorporated into case scenarios, discussion prompts, and 
quiz items. This process reflects the transition from Reflective Observation to Active Experimentation in Kolb’s ELC, where 
insights gained through experience informed the design of a targeted educational intervention.

Pre- and post-intervention assessments.  To assess the effectiveness of the peer-led workshop, the one-group 
pretest post-test experimental design was employed, as proposed by Fraenkel and Wallen [17]. Prior to the workshop, 
participants completed a validated questionnaire assessing their knowledge of safe medication disposal. The same 
questionnaire was administered after the workshop to measure knowledge improvement.

Instrument.  Based on the topic covered during the peer-led workshop, a validated questionnaire of 10 questions 
was given to the participants [18,19]. The questionnaire was adapted from a locally developed and validated instrument 
assessing knowledge related to safe medication return and disposal (ReDiUM) [18]. In the validation study, the 10-item 
knowledge domain demonstrated acceptable reliability (Cronbach’s α ≈ 0.70) and 2-week test–retest agreement (Cohen’s 
κ: fair–moderate), supporting its use in the local context [18]. The questionnaire was in English and distributed through 
Google Forms. The same set of questionnaires was used for the pre-test and post-test.
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Answers to the pre-test and post-test were in the form of either “Yes”, “No”, or “Not Sure”. A maximum score of 10 was 
possible for each test when all the questions were answered correctly. Correct answers were given one mark, while incor-
rect answers were marked with zero.

Data analysis.  In Phase 1, open-ended questions from students’ reflective journals were compiled and analysed 
qualitatively to identify recurring themes. The analysis focused on the ambassadors’ learning experiences, the 
effectiveness of practical engagement, and how these experiences influence their ability to advocate for safe disposal. 
Two researchers (YLL, SPS) independently coded 5 reflections to develop a set of initial themes and met up to discuss 
and research a consensus on the codes and coding rules. The coding process followed an iterative, multi-step approach. 
First, an initial codebook was developed inductively from an exploratory reading of five reflection journals by two 
researchers. The researchers compared codes and refined the codebook through discussion to ensure conceptual clarity 
and eliminate redundancies. Interrater reliability was assessed using percentage agreement, with >80% agreement 
considered indicative of good reliability for exploratory thematic analysis. Discrepancies were resolved through consensus 
meetings involving all three researchers (YLL, SPS, LJJ), during which code definitions were revised and exemplar quotes 
were re-examined until agreement was reached. Following finalisation of the codebook, the two coders independently 
applied the agreed-upon codes to the full dataset. Themes were interpreted deductively using Kolb’s ELC to map 
students’ experiential progression across stages of learning [15].

In Phase 2, data were analysed using the Statistical Package for Social Sciences (SPSS), version 29. Descriptive anal-
ysis was performed to describe the sample distribution and demographic characteristics. Pre-test and post-test data were 
statistically analysed to assess changes in participants’ knowledge. Knowledge levels were categorized into three tiers based 
on Bloom’s cutoff criteria: high (80–100%), moderate (60–79%), and low (<60%) [20]. For a maximum score of 10, the cor-
responding ranges were as follows: high (8–10; 80–100%), moderate (6–7; 60–79%), and low (0–5; < 60%). The Wilcoxon 
signed-rank test was used to compare pre- and post-intervention scores within the same group, while the McNemar test was 
applied for categorical data analysis. Effect size (r) was calculated for Wilcoxon tests using formula r = Z /

√
N, where Z is 

the standardized test statistic and N is the number of observations [21]. Cohen’s criteria (0.1 = small, 0.3 = medium, 0.5 = large) 
were applied for interpretation [22]. A significance level of p < 0.05 was considered statistically significant. Interpretation of 
these results was guided by the Peer Education Framework, which informed understanding of how the workshop fostered 
empowerment, engagement, sustainability and improvements in knowledge among participants.

Ethical consideration

Ethical approval for the study was obtained from the Monash University Human Research Ethics Committee (MUHREC) 
(Project ID: 40604). Informed consents were obtained from the participants prior to the administration of the survey. They 
were provided with an explanatory statement and were assured confidentiality of their data.

Result

Phase 1

A total of 35 undergraduate pharmacy students participated as student ambassadors, all of whom completed Phase 1 of 
the study without attrition. The qualitative analyses of the student ambassadors’ reflective diaries generated five themes 
on their experiences and reflections on safe medication disposal practices. These themes offered insights into their 
awareness, attitudes, and motivations, as well as the challenges they perceive in promoting safe medication disposal 
practices. Table 1 presented the coding structure that illustrated each theme.

Theme 1: Awareness and education on safe medication disposal.  Student ambassadors reflected on their initial 
lack of awareness regarding proper disposal methods before participating in engagement programs. Beyond individual 
reflections, the themes illustrated a developmental shift in how pharmacy students conceptualised their professional role. 
Students moved from perceiving medication disposal as a technical task to recognising its broader environmental and 



PLOS One | https://doi.org/10.1371/journal.pone.0343961  April 20, 2026 8 / 20

public health implications. Their reflections suggested an emerging professional identity in which advocacy becomes 
integral rather than peripheral. This pattern reflected the reflective–conceptual stages of Kolb’s cycle, where learners 
transformed isolated experiences into integrated understanding that shapes future practice behaviours. One student noted 
that safe medication disposal was not explicitly covered in their pharmacy curriculum, while another admitted that his prior 
understanding was limited to concerns about consuming expired medications rather than proper disposal methods:

“Indeed, prior to attending this (out-of-class) event on safe medication disposal (in the community pharmacy), I was 
unaware of the proper methods for disposing of medications. Typically, I would simply discard them in the regular 
trash bin.” (S2)

“This engagement program enabled me to learn beyond the university curriculum, which is useful for my future career.” (S31)

“Prior to this visit, I was only aware of the danger of consuming expired medication.” (S34)

Through experiential learning, students gained valuable knowledge into the environmental and public health risks of 
improper medication disposal. They recognized the importance of pharmacist-led education in promoting safe disposal 
practices. Following the engagement, students expressed a strong commitment to educating their communities. They 
proposed leveraging outreach platforms, such as social media and public campaigns, to enhance public awareness.

“Raising public awareness on social media by addressing the importance of safe medication disposal and the negative 
consequences of disposing medication wrongly.” (S11, S29)

“As university students, we can take the lead by organizing campaigns and engaging with the public to make proper 
disposal a well-known practice.” (S4, S7, S8)

Table 1.  Coding structure for each theme derived from student ambassadors’ reflection journals (Phase 1). Thematic analysis identified five 
key themes related to safe medication disposal: awareness and education, environmental and health risks of improper disposal, personal 
responsibility and advocacy, challenges in promoting safe medication disposal, and engagement and motivation for continuous improve-
ment. Each theme was supported by sub-codes that captured specific dimensions of students’ experiences and perceptions.

Theme Codes

Awareness and Education on Safe Medication Disposal •  Raising awareness
•  Community engagement
•  Promoting proper disposal
•  Organizing educational events

Environmental and Health Risks of Improper Disposal •  Environmental contamination
•  Health risks from improper disposal
•  Dangers of flushing drugs
•  Protecting ecosystems

Personal Responsibility and Advocacy •  Taking responsibility
•  Advocating for safe disposal
•  Encouraging proper practices
•  Driving community change

Challenges in Promoting Safe Medication Disposal •  Bridging knowledge gaps
•  Shifting public behavior
•  Addressing disposal challenges
•  Improving disposal infrastructure

Engagement and Motivation for Continuous Improvement •  Taking action and seeking involvement
•  Committed to improvement
•  Exploring better practices
•  Promoting sustainable healthcare practices

https://doi.org/10.1371/journal.pone.0343961.t001
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Theme 2: Environmental and health risks of improper disposal.  Student ambassadors highlighted the serious 
consequences of improper medication disposal, including water contamination, antibiotic resistance and ecological harm. 
They recognized its impact on both aquatic life and public health, with student noting,

“Flushing or discarding medications improperly can introduce harmful substances into our water systems, affecting both 
marine ecosystems and human health.” (S6)

“Improper disposal of antibiotics can contribute to the development of antibiotic resistance, leading to the emergence of 
“superbugs” that are difficult to treat and pose serious threats to human life.” (S3)

Beyond environmental concerns, students also recognized the risks of accidental drug ingestion, particularly for vulner-
able groups such as children and the elderly. Students pointed out,

“Improper disposal not only harms the environment but also increases the risk of unintentional drug consumption, which 
can lead to poisoning or medication misuse in households.” (S8)

“Improper disposal of medication, for example, throwing the pills into the bin may lead to children accidentally ingesting 
them as the pills are often colourful and may be mistaken as candy.” (S12)

Theme 3: Personal responsibility and advocacy.  Many students reflected on their personal responsibility 
as future pharmacists to advocate for safe medication disposal. Despite individual differences in how students 
expressed their reflections, a consistent pattern emerged: experiential engagement strengthened their awareness 
of the pharmacist’s role in public health advocacy. Rather than simply acquiring knowledge, students described 
a broader shift in professional identity, recognising that counselling on medication disposal contributes to 
environmental stewardship and community well-being. This sense of responsibility was accompanied by a 
willingness to engage in future outreach and integrate disposal education into routine patient interactions. One 
student shared:

“This visit is an eye-opening experience for me. I can make a difference in the future by starting to educate the people 
around me on the importance of safe medication disposal.” (S35)

Students emphasized their dedication to advocacy:

“(I am) committed to spread this awareness to the people around me including my family, relatives, and friends. If 
possible, as a pharmacy student, I am also responsible to teach the public by organizing activities at the campus or in 
public to spread awareness.” (S8)

“This visit made me realize the importance of safe medication disposal and inspired me to take responsibility 
as a future pharmacist and citizen by practicing proper disposal and educating my friends and family to do the 
same.” (S11)

Theme 4: Challenges in promoting safe medication disposal.  While students recognized the importance of safe 
medication disposal, they also acknowledged significant challenges in raising awareness and changing public behaviours. 
They identified gaps in public knowledge, inconsistencies in disposal practices, and a lack of accessible disposal 
infrastructure as key barriers. One student remarked,

“Many people still don’t realize the consequences of improper medication disposal. There’s a long way to go in ensur-
ing that safe disposal becomes a common practice.” (S10)
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Students also highlighted convenience as a significant obstacle:

“It might be inconvenient for the community if they are far from a safe medication disposal service provider, which dis-
courages proper disposal.” (S25)

“Convenience plays a huge role—many patients are unwilling to travel to a pharmacy or hospital just to dispose of their 
medications properly.” (S34)

Beyond public awareness and convenience, students also encountered practical difficulties in handling and sorting 
medication waste. One participant reflected on the challenges of identifying medication due to missing labels:

“One of the challenges I faced in categorizing the medications was the absence of indication labels. All the medications 
were mixed together, making it difficult to determine their intended use.” (S2)

Theme 5: Engagement and motivation for continuous improvement.  Students expressed strong motivation to 
engage further with safe medication disposal initiatives. Many showed interest in organizing future site visits, workshops, 
and awareness campaigns. While others suggested enhancing hands-on activities by exploring medication disposal 
logistics in more depth. One student highlighted the value of hands-on learning in motivating them for future advocacy:

“This hands-on learning experience is invaluable. It provides concrete examples of how pharmacists can contribute to 
public health and environmental safety beyond the pharmacy counter. It has motivated me to advocate for proper medi-
cation disposal and educate others.”(S22)

Another student shared how observing medication disposal in practice deepened their understanding of waste management:

“I had the opportunity to observe firsthand the volume and types of medications being disposed of daily. This expe-
rience provided a practical perspective that complimented my previous theoretical knowledge of medication waste 
management.” (S3)

Additionally, a student expressed interest in gaining more comprehensive understanding of the disposal process:

“I’d love to see the entire journey of disposed medications—from collection to final disposal—to fully understand its 
impact.” (S1)

Overall, the experiential learning fostered a sense of responsibility and advocacy among students, equipping them with 
practical knowledge and inspiring them to contribute to improved medication disposal practices in their future careers.

More specifically, the themes showed that experiential engagement fostered both cognitive and affective shifts. Stu-
dents not only gained technical understanding but also articulated growing confidence, ethical responsibility, and a sense 
of agency as future pharmacists. These deeper interpretive patterns extend beyond descriptive accounts and highlight the 
mechanism by which experiential learning triggers internalisation of advocacy roles—an essential intention of the interven-
tion design.

Importantly, these insights indicated that experiential learning was most effective when it linked practical exposure with 
structured reflection and targeted skill development, rather than relying on experience alone. The ambassadors’ reflec-
tions demonstrated progressive movement through Kolb’s learning stages, but also revealed the limits of unstructured 
exposure; highlighting the need for clearer instructional scaffolding and opportunities for iterative feedback. This consoli-
dated interpretation helped explain why experiential learning contributed meaningfully to motivation and advocacy, while 
also helped identify boundaries of its effectiveness in shaping more specialised knowledge domains.
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Phase 2

A total of 43 undergraduate pharmacy students participated in the peer-led workshop conducted by trained student 
ambassadors. Most of the participants were female, 76.7% (n = 33), with a median age of 22, as depicted in Table 2.

Participants’ knowledge levels before and after the peer-led workshop intervention were presented in Fig 4. Pre-test 
knowledge levels were as follows: 23.2% (n = 10) low, 34.9% (n = 15) moderate, and 41.9% (n = 18) high. Post-test only 
2.3% (n = 1) had low knowledge, while 11.7% (n = 5) had moderate knowledge, and 86% (n = 37) were classified as hav-
ing high knowledge. These findings highlighted the impact of peer-led education in shifting students from lower to higher 

Table 2.  Demographic characteristics of undergraduate pharmacy students who participated in 
the peer-led intervention (n = 43). The majority of participants were in their second year of study 
(55.8%) and most were female (76.7%).

Characteristics No of participants (n, %)

Year of study

Year 1 3 (7.0%)

Year 2 24 (55.8%)

Year 3 16 (37.2%)

Gender

Male 10 (23.3%)

Female 33 (76.7%)

https://doi.org/10.1371/journal.pone.0343961.t002

Fig 4.  Distribution of knowledge levels on safe medication disposal before and after the peer-led workshop (n = 43). The proportion of students 
with high knowledge increased substantially from 41.9% at pre-test to 86.0% at post-test, while the proportion with low knowledge decreased from 23.2% 
to 2.3%. These findings highlight the impact of peer-led education in shifting students from lower to higher knowledge categories.

https://doi.org/10.1371/journal.pone.0343961.g004
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knowledge categories. Overall, participants’ mean knowledge score of safe medication disposal significantly increased 
from 6.86 to 8.44, indicating a meaningful enhancement in understanding proper medication disposal (Fig 5). The Wil-
coxon signed-rank test (Z = −4.827; p < 0.001) confirmed a statistically significant improvement in knowledge (Table 3). The 
corresponding effect size was large (r = 0.74) according to Cohen’s benchmarks, indicating a substantial impact of peer-
led workshops on participants’ knowledge (Table 3) [22]. Table 4 presented a summary of the results for each question, 
comparing pre-test and post-test assessments. In the pre-test, more than 75% of participants answered items 1, 3, 4, 5, 
7 and 8 correctly. However, knowledge was poor in items 2, 6, and 9, with less than 50% correct answers, and moderate 
in item 10, with a correct score in 50% − 75%. Post-test results demonstrated significant improvements in all items with 
initially low pre-test scores.

Fig 5.  Effect of intervention on the knowledge level of safe medication disposal among undergraduate pharmacy students (n = 43). Mean 
knowledge scores increased significantly from pre-test (6.86) to post-test (8.44) following the peer-led workshop, demonstrating the effectiveness of the 
intervention.

https://doi.org/10.1371/journal.pone.0343961.g005

Table 3.  Effect of the peer-led intervention on mean knowledge scores of safe medication disposal among undergraduate pharmacy students 
(n = 43). The mean knowledge score improved from 6.861 to 8.442 after the peer-led intervention (mean difference = 1.581, + 23.0%). The Wil-
coxon Signed-Rank Test confirmed a significant improvement (Z = –4.827, p < 0.001), with a large effect size (r = 0.74).

Knowledge level (n = 43)

Mean score Mean difference
(Post – Pre)

% of change from baseline Z p-valuea Effect size (r)ᵇ
Pre-test Post-test

6.861 8.442 1.581 + 23.0% − 4.827a <0.001* 0.74
a Wilcoxon Signed Ranks Test, *statistical significance at p < 0.05.

ᵇ Effect size (r) was calculated using the formula r = Z/ 
√Nr = Z/

√
N<del class=”ice-del ice-cts-1” data-cid=”13” data-userid=”1” data-rolename=”Author” data-username=”a.q.j.blebil@swansea.ac.uk,aliblebil@yahoo.com” data-changedata=”” data-time=”1776093926309” data-last-change-time=”1776093926308” data-action-time=”1776346169899” data-action-user=”collation@nkw.pub” data-action=”Accepted” data-action-old-tag=”del” data-action-hidden=”Yes”>< /del > Effect size interpretation follows 

Cohen’s criteria (0.1 = small, 0.3 = medium, 0.5 = large).

https://doi.org/10.1371/journal.pone.0343961.t003
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Discussion

Experiential learning and the role of pharmacy students in medication disposal advocacy

Our study highlights the urgent need to increase awareness and education on safe medication disposal among phar-
macy students, preparing them to serve as key advocates in promoting proper disposal practice. In this study, pharmacy 
students recognized their responsibility in educating others and disseminating knowledge on proper disposal practices, 
aligning with previous research indicating that healthcare professionals play a pivotal role in influencing patient behaviours 
[23]. While public health education strategies such as social media, university campaigns, and workshops have been 
widely advocated to raise awareness, pharmacy students can serve as key influencers in promoting safer medication 
disposal [2,6,24]. Internationally, similar patterns have been observed. Urslak et al. reported that pharmacy schools across 
multiple countries have increasingly incorporated planetary health content, emphasising how pharmaceutical waste 
impacts the environment and mitigation strategies [25]. Research from Canada indicates that pharmacy education has 
yet to establish unified standards for environmental sustainability competencies, with initiatives to date largely fragmented 
and limited to individual courses [26]. Global organisations such as the International Pharmaceutical Federation have also 
highlighted improper medicine disposal as both a public health and environmental risk, underscoring the need to prepare 
students as future advocates in this area [27,28]. Embedding safe medication disposal more systematically into curricula 
will strengthen students’ ability to contribute effectively to both public health and environmental stewardship, aligning with 
United Nations Sustainable Development Goals (SDGs) [28]. These international findings contextualise our results and 
highlight how peer-led experiential models can complement emerging global priorities in pharmacy education, while also 
revealing system-level gaps that local adaptations must address.

Building on these global trends, it is important to consider how local structural and curricular factors shape the appli-
cability and scalability of such educational models. In Malaysia, the transferability of these findings may be influenced 
by differences in disposal infrastructure, curriculum expectations and sociocultural norms. Disposal infrastructure varies 
across regions, with limited availability of formal take-back programs outside urban areas, which may magnify the chal-
lenges students observed in practice [29]. In addition, the Pharmacy Board of Malaysia accreditation standards specify 

Table 4.  Knowledge of participants on safe medication disposal before and after the peer-led intervention (n = 43). Item-level analysis showed 
significant improvements in several areas. Significant improvements were observed for wastewater treatment inefficacy, incineration benefits, 
disposal of solid medicines and cream/ointments (p < 0.05).

Question Correct answer

Pre-test 
(Mean %)

Post-test 
(Mean %)

p-valueb

1. Improper drug disposal has harmful effects on the environment and ecosystem. 95.35 97.67 1.000

2. Wastewater treatment removes most of the medicines from the environment and ecosystem. 48.84 83.72 <0.001*

3. It is acceptable to dispose of solid medicines (such as tablets, capsules and patches) in the garbage. 76.74 97.67 0.004*

4. It is acceptable to dispose of liquid medicines by throwing down the sink. 93.02 97.67 0.500

5. It is acceptable to dispose of medicines by flushing down the toilet. 93.02 97.67 0.500

6. Incineration is the environmentally sound way of disposing of unwanted medicines. 20.93 62.79 <0.001*

7. It is acceptable to dispose of needles and syringes in the garbage. 93.02 95.35 1.000

8. It is acceptable to return or dispose of unused medicines to a local pharmacy or healthcare facility. 88.37 95.35 0.453

9. It is acceptable to dispose of pressurized aerosol metered-dose inhalers (like the Ventolin inhaler) in the 
garbage.

11.63 25.58 0.146

10. It is acceptable to dispose of creams and ointments in the garbage. 65.12 90.70 0.007*

bMcNemar Test, *statistical significant at p < 0.05.

https://doi.org/10.1371/journal.pone.0343961.t004
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core bodies of knowledge for undergraduate pharmacy programmes while allowing institutional autonomy in curriculum 
design. Environmental health or ecopharmacology-related content is not explicitly listed as a core topic and therefore may 
be covered with varying depth across institutions [30]. Cultural norms regarding waste management and household medi-
cine storage may further influence how the public responds to pharmacist-led counselling [29]. These contextual nuances 
suggest that while the educational model shows promise, its implementation and impact may differ in countries with more 
established pharmaceutical waste systems or differing curricular standards.

Our study also revealed strong student motivation to engage further in safe medication disposal initiatives. Our findings 
demonstrate that experiential learning through direct engagement in medication disposal practices significantly enhances 
students’ understanding of regulatory challenges and public misconceptions. In Phase 1 of this study, student ambassa-
dors were exposed to site visits and interactive learning opportunities to deepen their understanding of disposal systems. 
According to Kolb’s Experiential Learning Theory, learning is most effective when individuals actively engage in expe-
riences, reflect on them, and integrate insights into future practice [15]. Active participation fosters intrinsic motivation, 
critical thinking and deeper engagement, making learning more meaningful than passive learning methods such as lectures 
[31,32]. Experiential learning has also been emphasized globally as an essential component in the education of future phar-
macists, facilitating the transition from theoretical knowledge to applied practice. Consistent with our findings, experiential 
learning in the United States and Canada has been shown to build professionalism, enhance communication confidence, 
and strengthen understanding of multidisciplinary team collaboration [33,34]. These findings highlight the value of experi-
ential learning as a globally adaptable educational model. Additionally, experiential learning encourages students to anal-
yse situations critically, make informed decisions, and develop problem-solving skills, which are essential for professional 
success [15]. Integrating structured experiential learning into the pharmacy curriculum will better prepare students as future 
advocates for safe medication disposal, reinforcing their role in environmental sustainability and patient safety.

The integration of findings across phases highlights how experiential reflection informed subsequent peer-led teaching. 
Qualitative themes from Phase 1 not only revealed students’ growing awareness and advocacy motivation but also iden-
tified specific areas of uncertainty, particularly regarding environmental risks, safe disposal pathways, and the logistical 
challenges of take-back programs. These insights shaped the workshop content in Phase 2, ensuring alignment between 
learners’ identified needs and the educational focus of the intervention. This analytical connection demonstrates the itera-
tive nature of the study design and reflects both Kolb’s learning cycle. where reflection informs future action and the Peer 
Education Framework, which emphasizes empowerment followed by structured engagement.

A strong sense of personal responsibility and advocacy emerged among students, reflecting their recognition of the 
pharmacist’s role in promoting safe medication disposal. Previous studies have highlighted the crucial role of healthcare 
professionals, including prescribers and pharmacists, in educating communities on proper medication disposal methods 
[35]. In Taiwan, pharmacy students’ attitudes towards professionalism with designed experiential learning programme in 
the community setting have fostered positive attitudes towards altruism, accountability and duty [36]. In our study, many 
students expressed their intention to educate their families and communities, emphasizing the importance of incorporating 
responsible disposal practices into daily life. This aligns with research suggesting that education and advocacy efforts by 
pharmacists and pharmacy students can enhance public awareness and encourage proper medication disposal prac-
tices [2]. By fostering a culture of advocacy, pharmacy students can drive long-term improvements in medication disposal 
awareness and practices.

Despite its benefits, experiential learning presents challenges, including difficulties in assessment due to the subjective 
nature of learning, variability in student engagement and logistical constraints due to site capacity [37,38]. Without proper 
structure and reflection, students may struggle to grasp essential concepts, reducing the effectiveness of such programs. 
To address these challenges and maximize the benefits of experiential learning, educators should collaborate with com-
munity pharmacies to co-design structured engagement programs, including mentorship and practical training in safe 
medication disposal.
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Students also acknowledged various challenges in promoting safe medication disposal. Public behaviour change is 
often hindered by knowledge gaps, limited access to disposal facilities, and lack of standardized disposal policies, all of 
which have been highlighted as barriers in previous studies. Akande-Sholabi et al. identified significant barriers, including 
lack of access to medication take-back programs (50.4%), lack of knowledge (36.8%) and inconveniences (10.3%) [10]. 
Some students noted that many patients are unwilling to travel to pharmacies or hospitals solely for medication disposal 
purposes, highlighting a key barrier to medication take-back programs. To address this, expanding medication take-back 
facilities to private healthcare settings, including community pharmacies, private clinics and hospitals could improve 
accessibility and encourage greater public participation and safe medication disposal [39]. Overcoming these challenges 
requires a multifaceted approach, including policy interventions, improved infrastructure, and pharmacist-led educational 
campaigns tailored to different community needs.

Effectiveness of peer-led workshop in educational intervention

In Phase 2, our findings demonstrate a significant improvement in participants’ knowledge post-intervention, particularly in 
understanding that wastewater treatment is ineffective at removing most pharmaceuticals from the environment, inciner-
ation is the most environmentally sound method for disposing of unwanted medications, and the correct way to discard 
solid medicines and metered dose inhaler (MDIs). Participants also expressed significant concerns about the environmen-
tal and health risks associated with improper medication disposal, reinforcing existing research on pharmaceutical pollu-
tion, which has shown that flushing medications down the drain contributes to water contamination and the emergence of 
antibiotic resistance [40–42].

Overall, participants’ knowledge regarding the safe disposal of unused medications increased significantly after the 
peer-led workshop (mean score 6.86 to 8.44 out of 10, p < 0.001), indicating a substantial improvement following the 
intervention. In practical terms, these improvements suggest that many students shifted from moderate to higher knowl-
edge level, which is supported by the observed increase in the proportion classified as “high knowledge” post-intervention 
from n = 18 (41.9%) pre-intervention to n = 37 (86.0%) post intervention. However, improvements were not uniform across 
domains. Item-level results indicated that specialised disposal topics, particularly handling procedures for pressurised 
metered-dose inhalers, remained persistently low despite the workshop, suggesting that brief peer-led sessions may 
not provide sufficient depth for more technical topics and targeted emphasis on specialised waste-handling practices is 
needed. Student ambassadors also reported varied confidence levels when facilitating discussions, indicating that addi-
tional training or rehearsal time may strengthen delivery consistency. Future iterations could incorporate demonstration 
videos, structured case simulations, or extended practice time to enhance comprehension of complex disposal scenarios 
and improve facilitator consistency.

Although this study did not assess behavioural outcomes longitudinally, qualitative reflections illustrate that many 
students linked increased knowledge with an intention to counsel others, adopt proper disposal practices personally, 
and advocate for environmentally responsible medication handling. This alignment between knowledge gains and stated 
willingness to act suggests early internalisation of advocacy behaviours, consistent with experiential and peer-led learning 
models. These findings are consistent with prior evidence that educational initiatives can improve medication disposal 
knowledge and awareness. Lai et al. reported significant improvements in public knowledge after implementing an edu-
cational intervention on medication disposal [19]. Their study demonstrated that targeted educational programs could 
enhance public awareness of environmental risks associated with improper disposal and encourage responsible disposal 
behaviours. In line with this, Zulkifli et al. found that the ‘Know Your Medicine’ program effectively enhanced medication 
literacy among primary schoolchildren in Malaysia, reinforcing the importance of structured educational programs in 
improving medication-related knowledge and practices [43]. Similar education initiatives have been implemented interna-
tionally. In the United States, the Drug Enforcement Administration’s National Prescription Drug Take Back Day through 
educational outreach campaigns has significantly raised public awareness and participation in safe disposal practices [44]. 
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Comparable educational intervention such as community-level educational sessions based on health behavior models 
have been shown to medication-related knowledge and safe disposal practices [45]. These findings underscore the effec-
tiveness of educational initiatives in raising awareness and promoting proper medication disposal methods. Furthermore, 
student ambassadors model in our study not only reinforced their own knowledge but also actively engaged in educating 
and influencing their peers, further amplifying the initiative’s impact.

Despite overall knowledge improvement across all items, post-intervention knowledge of item 9 remained relatively 
low, with less than 50% of participants correctly identifying whether pressurized metered-dose inhalers (MDIs) should 
be discarded in the garbage. These findings are consistent with Beena et al., who reported that none of the participants 
in their study were aware of proper MDI disposal methods, leading to unsafe practices such as discarding, burning or 
burying inhalers [46]. While incineration is generally considered an environmentally friendly method to handle pharma-
ceutical waste, its use for MDIs poses risks of explosion and toxic gas emissions due to the presence of chlorofluorocar-
bons (CFCs). Hence, discarding MDIs into garbage is the better option as opposed to incineration [46]. Given this gap in 
knowledge, targeted education and structured take-back programs are crucial steps for minimizing unsafe MDI disposal 
practices.

To ensure long-term behavioural change, educational initiatives must extend beyond passive information-sharing and 
incorporate active engagement through peer-led programs. While structured interventions have shown promise, empow-
ering pharmacy students to take an active role in advocating for responsible disposal practices can further enhance 
awareness and encourage community-wide adoption of safe disposal behaviours. By equipping future pharmacists with 
necessary knowledge and leadership skills, peer-led initiatives can bridge this gap, fostering a generation of healthcare 
professionals who are not only informed but also proactive in promoting sustainable medication disposal practices.

Limitation

This study is subject to self-selection bias in both phases. Ambassadors in Phase 1 volunteered based on interest, which 
may have resulted in a cohort already motivated toward advocacy and experiential learning. Similarly, Phase 2 partici-
pants were recruited through convenience sampling, and the response rate suggests that students with greater intrinsic 
interest in environmental or public health issues may have been more likely to participate. Although all ambassadors 
received uniform training delivered through a standardised module, variation in individual engagement may have influ-
enced the quality and delivery of the peer-led workshop. These factors should be considered when interpreting the study’s 
findings and when attempting replication in other educational settings.

While the findings demonstrate significant improvement in knowledge following the intervention, this study has several 
limitations that should be considered. Both phases involved relatively small samples (Phase 1: n = 35; Phase 2: n = 43), 
which may restrict statistical power and limit the variability of perspectives captured. Additionally, all participants were 
recruited from a single national context (Malaysia), and educational structures, disposal regulations, and cultural atti-
tudes toward pharmaceutical waste may differ across regions. These contextual factors reduce the generalizability of the 
findings and suggest that results should be interpreted with caution when considering application to pharmacy curricula or 
public health initiatives in other countries. Future multi-centre studies involving larger and more diverse cohorts would be 
valuable for validating the transferability of this model across different educational and policy environments.

Phase 2 employed a one-group pretest–posttest design without a control group, meaning that the observed improve-
ments in knowledge cannot be attributed exclusively to the workshop. Gains may also reflect factors beyond the interven-
tion, including test familiarity or concurrent exposure to related material. In addition, several methodological considerations 
should be noted. First, the reflective journals are self-reported narratives and may be subject to social desirability bias, 
particularly as students may feel implicitly motivated to demonstrate learning, advocacy, or professional growth. Second, 
although the 10-item knowledge questionnaire demonstrated acceptable internal consistency, its validation among Malay-
sian pharmacy students remains limited, and further psychometric testing across diverse cohorts is warranted. Third, 
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the use of a single immediate post-test captures short-term recall and may overestimate longer-term knowledge reten-
tion. Future research should therefore include larger sample sizes, multi-site cohorts, appropriate control or comparison 
groups, and longitudinal follow-up to evaluate both the effectiveness and sustainability of peer-led educational interven-
tions over time. Within these constraints, we have emphasised transparent reporting and effect size estimation to aid inter-
pretation and support future evidence synthesis.

Conclusion

This study demonstrates a structured, peer-led experiential learning model that effectively improves pharmacy students’ 
knowledge and advocacy skills related to safe medication disposal. By combining hands-on engagement with peer 
teaching, the approach offers a practical pathway for strengthening students’ readiness to promote responsible disposal 
practices.

To enhance curriculum relevance, pharmacy programs may embed structured experiential components; such as com-
munity pharmacy engagement and ambassador-led workshops; into existing courses, while accreditation bodies could 
incorporate competencies related to medication disposal and environmental stewardship. Such integration may create 
sustainable opportunities for student leadership, peer-driven learning, and public health advocacy.

While the model showed meaningful improvements, the modest sample sizes and single-country context limit 
generalizability. Larger, multi-institutional studies are needed to assess long-term knowledge retention and to validate the 
applicability of this educational approach across diverse educational settings. Nonetheless, the findings offer a promising 
foundation for embedding peer-led experiential learning within pharmacy education and other health professions.
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