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Biology education plays a crucial role in bridging the gap between science and society. This is of high interest and
relevance for several reasons helping students to become biologically literate and understanding basic biological
concepts and principles as healthcare, environmental issues, and sustainability. The aim of this study was to
investigate the understanding of the 9" grade and the 12% grade students regarding circular economy and
recycling. To achieve the objectives, a study was conducted with the convenience sample, involving students
from a rural school. The sample was made up of 27 students, including 17 students from the 9" grade and 10
students from the 12 grade. The prior knowledge of students was assessed by the tool of drawing on the topic of
the circular economy and recycling. A two-hour training module was created and carried out, including several
practical tasks followed by fulfilling the compliant worksheets. The effectiveness of the module was assessed by
the questionnaire focused on the new information received during the module and the general feedback of the
module was gathered from the students. The results were analyzed using qualitative content analysis and
descriptive quantitative research methods. The findings revealed that the understanding of circular economy and
recycling among the 9™ grade and the 12 grade students was different, expressed in the categories of pre-
knowledge and the secondary school students are aware of the importance and purpose of circular economy and
recycling. The differences appaired in the students’ obtained knowledge and changed attitudes of the 9* grade
and the 12 grade students and the improvement of attitudes and willingness to behave in a sustainable way
surpassed the increase of understanding of term “circular economy”.

Keywords: education for sustainable development, students’ conceptualization of circular economy, recycling,
lower and upper secondary rural school

INTRODUCTION

The socio-economic situation in the peripheral rural

industrial sectors such as food processing, electronics, and
wood processing are prominent. However, these sectors have
seen variability in output and productivity, which affects
employment and economic stability in these regions

districts of Estonia reflects a blend of challenges and steady
developments within broader context of Estonian economy.

Estonia, as a whole, has experienced economic
fluctuations, with a contraction predicted in 2023 followed by
expected growth in 2024. The general economic environment
features decreasing inflation and a complex labor market,
where youth unemployment remains a significant concern
(European Commission Directorate General for Economic and
Financial Affairs, 2023). This broader economic landscape
impacts the peripheral rural districts as they navigate their
own unique challenges and opportunities.

Specifically, in peripheral rural areas economic activity is
largely characterized by traditional sectors such as agriculture
and industry, though these sectors have faced their difficulties.
Agriculture, employing a small portion of the workforce, and

(Economic and Political Overview in Estonia, n. d.).

Moreover, the population in these areas tends to
experience lower income levels compared to urban centers,
which impacts consumer behavior and economic
opportunities. Access to services, including education and
healthcare, can also be more limited in these rural districts,
contributing to broader socio-economic disparities (European
Commission Directorate General for Economic and Financial
Affairs, 2023). Efforts to bolster economic activity, enhance
connectivity and infrastructure, and support key industries are
essential for fostering sustainable growth and development in
rural regions, tackling with the main socio-economic problems
like marginalization, depopulation, aging population, coupled
with the outward migration of young people to urban areas,
significantly impact the local dynamics.
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Marginalization in these regions is evident as residents
often face limited access to services and economic
opportunities compared to urban centers (Heffner & Latocha,
2020). This can result in a lower quality of life and fewer
prospects for personal and professional development (Binder
& Matern, 2020), especially of young people. Depopulation is
a major issue as younger individuals migrate to cities for
education and employment, leaving behind an aging
population. This shift not only affects the demographic
structure but also places a strain on local economies and social
services, which are often not equipped to handle the increasing
needs of an older population (Dahs et al., 2021; Depopulation
in Peripheral Regions of Eastern Poland-Determinants and
Con, n. d.; Vaishar et al., 2020).

The aging population in these districts exacerbates the
challenges of depopulation. As the younger workforce leaves,
the remaining older residents may not be able to fully
participate in the economy, leading to decreased economic
activity and innovation (Kriisk, 2019), accompanied with
outward migration of young people is driven by the search for
better educational and job opportunities in urban areas. This
migration pattern drains the rural regions of vital human
capital necessary for economic development and innovation,
further hindering their ability to compete with urban centers
(Marksoo, 1999). As a consequence of these problems, the
educational system and environmental activities face unique
challenges and opportunities that reflect their socio-economic
conditions and can be solved by enhancing the education for
sustainable development (Tengecha et al.,, 2024) as the
educational infrastructure in these rural areas tends to be less
developed compared to urban regions. Schools may struggle
with lower funding, fewer resources, and difficulty in
attracting qualified teachers, which can affect the quality of
education offered (Tampubolon et al., 2024).

Additionally, smaller student populations often mean
limited course offerings and extracurricular activities, which
can hinder student engagement and learning opportunities.
Enhancing educational opportunities and promoting
environmentally sustainable practices are key to mitigating
the effects of marginalization and supporting the resilience of
these communities (Bien et al., 2005).

While there are ongoing challenges, the push towards a
circular economy and improved recycling practices in
Estonia’s peripheral rural districts is a positive sign of progress
towards sustainability. Continuous efforts in policy,
education, and community involvement are essential to
further circular economy and recycling initiatives. These
initiatives are often supported by educational campaigns to
raise awareness about the benefits of circular economy and
recycling (Tiippana-Usvasalo et al., 2023) but in rural districts,
the implementation of circular economy practices is often at a
smaller scale, focusing on local agriculture and waste
management.

Recycling systems may be less efficient due to logistical
challenges. Estonia, like its OECD counterparts, faces the dual
challenge of ensuring economic viability and enhancing the
quality of life in its rural districts, requiring tailored and
innovative approaches in education system (Echazarra &
Radinger, 2019).

Investigating students’ perceptions about the circular
economy and recycling in peripheral rural counties in Estonia
is important for several reasons, as follows.

Education & awareness (Jitea et al., 2021):
Understanding how students perceive recycling and the
circular economy can highlight gaps in current educational
curricula. It provides insights into how well concepts related
to sustainability are being communicated and whether
students grasp the importance of these practices. This can lead
to more targeted educational initiatives that better address
students’ knowledge gaps and misconceptions (Adamowicz,
2021; Gaki et al., 2022).

Behavioral insights: Students’ perceptions often reflect
broader community attitudes towards recycling and
sustainability (LeDrew, 2020) and as students represent the
next generation of consumers, workers, and decision-makers.
Understanding their attitudes towards recycling and
sustainability can forecast future trends in consumer behavior
and environmental policy support (Kioupi & Voulvoulis,
2019).

Education for sustainability is not just about acquiring
knowledge, it is about equipping individuals with the tools
they need to engage with and contribute to important
discussions and decisions at the intersection of science and
society (Kioupi & Voulvoulis, 2019). It plays a critical role in
building a more informed, responsible, and engaged citizenry
and that’s why the topic of sustainable development is
obtaining the increasing attention in biology curriculum,
including circular economy and recycling (Garcia-Gonzélez et
al., 2022).

Student awareness of circular economy and recycling is an
emerging focus in sustainability education. Studies show that
while there is increasing interest in these topics, students’
understanding is still limited.

Innovative teaching methods, such as experiential learning
through virtual enterprises, have proven effective in
enhancing this understanding. However, educational practices
and policies often fall short in fully supporting CE concepts,
especially at secondary education levels (Keramitsoglou et al.,
2023).

Incorporating the concepts of circular economy and
recycling into environmental education is important for
several reasons: Environmental awareness; real-world issues
that directly relate to life science; the importance of
conserving natural resources; waste reduction (Debrah et al.,
2021) and adopting recycling habits; interdisciplinary learning
and holistic understanding of environmental challenges;
innovative problem-solving within the context of biology,
ecology and sustainability; diverse career opportunities in
fields like environmental science, conservation biology, and
sustainable agriculture; the complexities of circular economy
and recycling (Walshe, 2017).

Therefore, integrating circular economy and recycling
concepts into science education not only aligns with
environmental and sustainability goals but also equips
students with knowledge and skills that are relevant to their
future as responsible citizens and professionals (Korsunova et
al., 2021).
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The educational methodology behind the current study is a
context-based teaching (Holbrook & Rannikmae, 2017), where
the teacher introduces a topic or a lesson from a real-world
context and relates this to the learning of conceptual
interdisciplinary science ideas. The complicated problems of
sustainability need transdisciplinary approach (Holbrook et
al., 2020) wusing a four-stage teaching model
(contextualization, de-contextualization, re-
contextualization, and trans-contextualization) to promote
active citizenry (Chowdhury et al., 2020).

The Estonian lower and upper secondary school national
curricula do not extensively cover topics of the circular
economy and recycling, despite their importance in preventing
waste crises. To prepare future generations for crisis
prevention, it is essential to teach the fundamentals of
recycling and the circular economy from an early age. To make
learning engaging and memorable, it is beneficial to use
various modern teaching methods in natural sciences, such as
role-playing, debate, frontal discussion, the flipped classroom,
etc. (Jeronen et al., 2016). The curricula emphasize principles
of sustainable development, environmental awareness, and
responsible behavior, focusing on solving issues related to
environmental questions (Zwiers et al., 2020). Through
integrative themes, various fields such as biology, geography,
chemistry, physics, and social sciences can be linked through
practical problem-solving and project work, included into
cross-cutting topic theme “environmental protection and
sustainable development”, the terms of circular economy and
recycling are not used directly and it can be said that school
textbooks do not cover circular economy and recycling themes
as extensively as would be needed today (Basic Schools and
Upper Secondary Schools Act—Riigi Teataja, n. d.).

According to the aim of the study, the following research
questions were proposed:

RQ1. At what level are the students’ perceptions of
circular economy and recycling according to the
learning outcomes expected in the curriculum?

RQ2. What are the sources of students’ understanding of
sustainable development and the circular economy?

METHODOLOGY

Sample & Data Collection

Convenience sampling was used for this study, involving
37 students from a small peripheral rural school. Five 45-
minute lessons were planned for the survey.

The data of the study were collected in five stages:

1. Assessing the students’ prior knowledge about circular
economy and recycling by drawings about the circular
economy and recycling.

2. A four-hour learning module on circular economy and
recycling was conducted.

a. An interactive lecture, including a short theoretical
introduction and different learning materials from
“interreg V-A Estonia-Latvia program 2014-2020”
(PACKGDEPO-EstLat, n. d.)

b. After the interactive lecture, the students were
divided into groups of four. Then, each group was given
a task called “letter scramble” to solve together. The
scramble contained 19 words related to waste
management. The students had to identify at least ten
of these words and draw a circle around each word
found. They had 10 minutes to complete the task.

c. Circula game (Circula®, n. d.): Circular economy
and entrepreneurship game familiarizes circular
economy through creative teamwork. The gamified
approach is suitable for many kinds of learners while
the goals and instructions are adjusted according to the
players’ needs. Game master—teacher or other
instructor-supports the cooperation and learning of
the group.

d. Creating a word cloud of obtained new concepts of
circular economy and recycling (Hearst et al., 2020).

Textual information is inherently difficult to visualize
quantitatively, due to its nominal nature. For at least a decade,
a common method for showing textual information visually for
lay people and scientists alike has been some variation of a
word cloud (Hearst et al., 2020). students and user-friendly
option for creating word clouds WordArt (Best Word Cloud
Generator-25+ Templates, n. d.) was used to visualize the
students’ obtained concepts during the learning module.

3. The frontal analysis was conducted of the students’
initially drawn posters and the possible additions to their
posters after the intervention of the two-hour learning
module and the additions to their initial posters were
discussed; renewed circular economy and recycling
concepts (Chintalapudi et al., 2021).

4. The questionnaire based on the new information
received during the intervention was analyzed both
quantitatively (Diéguez-Santana et al., 2021) and
qualitatively (Lindgren et al., 2020).

5. Finally, the feedback of the learning module was
gathered and analyzed using the qualitative content
analysis method (Selvi, 2019).

Data Analysis

1. The prior knowledge of the students about the circular
economy and recycling was assessed through qualitative
analysis according to the method of drawing as a
qualitative research tool from a social complexity
perspective (Janis et al., 2020). The validity or the accuracy
of the survey and the data collection was guaranteed by the
three co-coders of the data-the initial drawings of the
students were repeatedly revised to ensure that they were
unambiguously understandable and reliable (Hayashi et
al., 2019).

2. After a four-hour intervention of learning module on
circular economy and recycling the knowledge assessment
was fulfilled using the worksheets that were analyzed
quantitatively and qualitatively (Almeida, 2018), using MS
Excel and descriptive statistics due to small sample.

3. The feedback questionnaire that was analyzed by mixed
method, i.e., quantitatively and qualitatively (Proudfoot,
2023).
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Table 1. Results of qualitative content analysis of students’ drawings of circular economy & recycling

. 9th grade 12t grade All students
Categories (codes) studeni (n=17) studenér (n=10) (n=27)
Recycling (plastic, metal, textile, glass, & paper) 13 (76%) 8 (80%) 21 (78%)
Reusing (new product & reusing old clothes) 5(29%) 7 (70%) 12 (44%)
Reducing (saving electricity, paper, cardboard, & fossil fuels) 6 (35%) 9 (90%) 15 (56%)
Renewable energy (solar panels, wind energy, hydro energy, & biogas) 15 (88%) 8 (80%) 23 (85%)
Waste management (garbage sorting, disposable dishes, cardboard, & paper sorting) 13 (76%) 8 (80%) 21 (78%)
Production (factories & emissions) 4 (24%) 5 (50%) 9 (33%)
Transport (electric cars, public transport, & bicycles) 10 (59%) 9 (90%) 19 (70%)
Consumption (habits & second-hand stores) 5(29%) 8 (80%) 13 (48%)
Food (home-grown, organic, & organic farming) 13 (76%) 9 (90%) 22 (81%)

Validation of Research Results

Validating the results of a qualitative content analysis of
students’ drawings in the 1st stage a weighted kappa statistic
was used to assess the level of agreement between two
reviewers as weighted kappa statistic considers the degree of
agreement beyond chance and is commonly used in inter-rater
reliability studies. The agreement between two reviewers
based on the calculated Cohen’s kappa (0.78) indicated
substantial agreement (Glédser-Zikuda et al., 2020). SPSS.23
statistical software package was used to compute Cohen’s
kappa according to test procedure in SPSS statistics (Everitt &
Brian, 2003).

RESULTS

Students’ Prior Knowledge About Circular Economy &
Recycling

According to the qualitative content analysis of the
students’ drawings prior to the study, the information on the
drawings was coded into categorized by two co-coders into
nine categories.

The analysis presents the key findings extracted from
Table 1, detailing the participation of the 9% and the 12% grade
students across various sustainability categories. These results
shed light on the extent to which students are engaged in
environmentally conscious behaviors at different stages of
their education.

According to the results, 78% of all students engage in
recycling, with 76% of the 9™ graders and 80% of the 12
graders participating. 85% of all students are involved in
renewable energy practices, with 88% of the 9™ graders and
80% of the 12t graders. Also 78% of all students participate in
waste management practices, with equal participation from
the 9% graders and the 12t graders. 48% of all students engage
in conscious consumption habits, with 29% of the 9™ graders
and 80% of the 12% graders and 81% of all students are
involved in sustainable food practices, with 76% of the 9™
graders and 90% of the 12 graders.

In summary, Table 1 reflects a strong inclination towards
environmental sustainability among students, particularly in
the areas of renewable energy, recycling, and waste
management. There’s an upward trend in participation from
the 9% grade to the 12% grade, indicating increased
environmental awareness with age. However, there’s still room
for growth in the areas of production, consumption, and some

aspects of reducing and reusing and some aspects of circular
economy and recycling are not mentioned by the students
(e.g., hydropower, reducing water consumption, composting,
food waste, e-waste, etc.).

After completing the module, the students were divided
into groups of four. The groups had to solve word puzzle tasks
together. There were 19 words related to waste management
in the word puzzle (bio-waste, waste, waste station, waste
management, compost, sea sludge, microplastics, plastic
packaging, plastic bottle, litter, landfill, incinerator, landfill,
recycling, textile waste, raw materials, single-use, recycling).
The students had to find at least 10 of them and draw a line
around each word they found.

The students had no difficulty searching for and finding the
hidden words. Both classes solved the problem within the
given 10 minutes. The results show that students in the 12
grade found more words than students in the 9t grade at the
same time. Three groups of grade 12 students found all 19
words; one group found 18 words. Among the groups of grade
9 students, one group found 18 words, two groups found 17
words and the last group found 16 words.

Next, in the same groups, the students were asked 15
questions. The answers to these questions were cut out on
sheets of paper and the correct answer had to be matched to
the question. Students had 10 minutes to complete the task.
After the carried through module of circular economy and
recycling, the students had no difficulty in finding the correct
answers to the questions in the 10-minute time allowed. All
questions were answered correctly in both classes and in all
groups.

After the completion of interactive tasks, the students were
asked to give verbal feedback on the four-hour module and on
their own performance. In summary, this group work approach
was very well suited to the students, and they were keen to
continue with this type of task in future lessons.

Questionnaire on New Information Received During
Learning Module & Feedback

The students completed a questionnaire enabling them to
assess their knowledge after the intervention. The general
overview of the results revealed that there was still confusion
about the concept of the “circular economy” among students,
with only 29% of the 9™ graders and 14% of the 12t graders
understanding it correctly.

Fortunately, clear understanding appeared on the concept
“recycling” among all students, with 100% accuracy from both
grade levels. Strong support occurred for more focus on the
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Figure 1. Students’ ratings about seriousness of problems
considering various environmental issues (Source: Authors’
own elaboration)

circular economy and recycling in science lessons, with 85% of
students considering these topics very important. Biology and
science classes were identified as the preferred subjects to
cover circular economy and recycling. Many students (85%)
reported that completing the module and worksheets changed
their opinion about recycling and the circular economy. The
results of the students’ responses to rate the seriousness of
sustainability issues for them are illustrated in Figure 1,
showing that many students consider the topic to be important
enough and very important.

The students’ ratings on the seriousness of various
environmental issues indicated that “waste management” was
the most commonly cited concern, mentioned by 11 students
(41%), with grade 9 students mentioning it eight times and
grade 12 students mentioning it three times. “Recycling”
followed closely, mentioned by a total of nine students (33%),
with four mentions from grade 9 students and five from grade
12 students. “Reusing” was mentioned five times (19%), with
grade 9 students mentioning it three times and grade 12
students two times. “Nature conservation” and “other” were
each mentioned once (4%) by a grade 9 student.

To the question “how can you contribute to the functioning
of circular economy and recycling systems?”, majority of
students (82%) answered that they would be willing to do
something themselves to tackle environmental problems. 15%
of students said that they would not be willing to do anything
themselves to solve environmental problems and 4% of
respondents had no opinion. The reasons given by the students
were that they would rethink their consumption habits in the
future and save the environment. It was also pointed out that
they now know how to guide their family members to sort their
rubbish and can talk to younger family members about the
importance of sorting waste. Respondents also pointed out
that they no longer wear cheap clothes.

Schools and teachers were most cited in the responses to
the question “from whom have you received information about
the circular economy and recycling”, also using the Internet to
find information from parents were mentioned. In addition,
the website of environment agency. The main point made by
respondents was that this topic should be introduced already
in kindergarten. In addition, schools, students, and young
people were also mentioned. It was also pointed out that

Figure 2. Answers to task “describe how you understand
concept: Circular economy” (Source: Authors’ own
elaboration)

sustainability education should be targeted at older people,
who are not very aware consumers.

To summarize the feedback of students we can conclude
that the students plan to change their consumption habits,
educate family members about waste sorting, and avoid buying
cheap clothing. Most respondents gained knowledge about
circular economy and recycling from schools, teachers, and the
Internet, there is a strong suggestion that education on
sustainability should begin in kindergarten and also target
older people who may lack awareness about sustainable
consumption.

Figure 2 compares the percentage of the 9 grade and the
12t grade students’ understanding of the circular economy,
categorized into “incorrect,” “partly correct,” and “correct”
responses.

A higher percentage of the 9 grade students (35%) had an
incorrect understanding of the circular economy compared to
the 12 grade students (20%). This suggests that younger
students may have less exposure or more difficulty grasping
the complex aspects of the concept.

Both the 9™ grade and the 12™ grade students showed
similar levels of partly correct understanding, with 18% of the
9t graders and 40% of the 12" graders falling into this
category. The significant difference here indicates that while
students are progressing, they gain a better but still
incomplete grasp of the concept.

The 12t grade students displayed a notably higher correct
understanding of the circular economy at 40%, compared to
47% among the 9™ graders. This pattern demonstrates a
substantial improvement and deeper comprehension as
students mature and progress through their education.

These results indicate a clear developmental trend in
understanding the circular economy, with comprehension
improving significantly from the 9% to the 12t grade. The data
suggests that educational strategies might need to focus more
intensively on younger students to build a solid foundational
understanding early on. Additionally, the high rate of partly
correct answers among the 12% graders suggests that while
older students are advancing, there is still room to enhance
clarity and depth in teaching this complex topic, possibly
through more integrated and practical applications in the
curriculum.



6/11 Laius et al. / Interdisciplinary Journal of Environmental and Science Education, 20(3), 2409
% %
100 100
90
82
100 100
80 80
gl S0 @mYes
40 g 0 40 18 ENo
20 10
oy /4 20
0
incorrect correct 0
9th grade 12th grade
O9th grade students @ 12th grade students students students
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concept: Recycling” (Source: Authors’ own elaboration)

Figure 3 displays comprehension levels of the 9" grade and
the 12% grade students regarding to the concept “recycling”,
categorized into “incorrect” and “correct” responses.

Both the 9t grade and the 12 grade students show 0%
incorrect understanding in the topic of recycling. This implies
that no students from either grade level held misconceptions
or completely wrong ideas about recycling, indicating a
universally solid foundational knowledge in this area.

Remarkably, both age groups—the 9t graders and the 12t
graders—achieved a 100% success rate in demonstrating
correct knowledge about recycling. This suggests that every
student surveyed correctly understands what recycling
involves and its importance. The outcomes indicate an
exceptionally successful comprehension of recycling across
both surveyed grade levels. The 100% correctness in
understanding among all students suggests that the
educational approaches to teaching recycling are effective,
ensuring that students grasp both the concept and practice of
recycling thoroughly. This uniform success across different
age groups points towards consistent and effective educational
messaging and methods throughout the students’ studies.

Figure 4 illustrates student responses to the question,
“should school science classes address more topics on circular
economy and recycling?” across two grade levels: the 9™ grade
and the 12t grade.

82% of the 9™ grade students believe that school science
classes should include more topics on circular economy and
recycling. This indicates a strong interest in and perceived
importance of these topics among younger students. 18% of
the 9™ grade students do not think it is necessary to address
more topics on circular economy and recycling in science
classes. This minority may feel that the current curriculum is
sufficient or may prioritize other subjects or topics. An even
higher percentage, 90%, of the 12t grade students responded
affirmatively, suggesting that as students advance through
their studies, they recognize an increasing need or value in
expanding education on these environmental topics. Only 10%
of the 12% graders oppose the inclusion of more topics on
circular economy and recycling. This reduced opposition
compared to the 9" graders could indicate a deeper
understanding or appreciation of these topics’ relevance,
possibly influenced by their closer proximity to entering
higher education or the workforce.

Figure 4. Answers to question “should school science classes
address more topics on circular economy and recycling?”
(Source: Authors’ own elaboration)
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Figure 5. Answers to question “how can you contribute to
functioning of circular economy & recycling systems?”
(Source: Authors’ own elaboration)

These results reveal a strong and increasing support for
more extensive coverage of circular economy and recycling
topics in school science classes as students are progressing
from the 9™ grade to the 12% grade. The high percentages of
affirmative responses (82% and 90%) underscore the
importance students place on these subjects, likely reflecting
their growing awareness of environmental issues and the
relevance of sustainability in education. The data suggest that
students are keen on integrating these critical global
challenges into their learning to better prepare for future
societal and environmental challenges. Figure 5 presents the
results of responses from the 9% grade and the 12% grade
students to the question “how can you contribute to the
functioning of circular economy and recycling systems?”

A relatively small portion of the 9t graders responded with
incorrect actions, representing about 20% of the cohort. This
indicates some misconceptions or lack of understanding about
how to contribute effectively to the circular economy and
recycling systems. The largest group of the 9% grade responses
fell into the partly correct category, around 40%. These
responses likely contain elements of correct actions but may
lack completeness or full understanding of how to implement
these practices effectively. Approximately 40% of the 9™
graders provided responses that were classified as correct
actions. This suggests that a significant portion of these
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circular economy & recycling?” (Source: Authors’ own
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younger students have a good grasp of applicable actions to
support the circular economy and recycling.

The percentage of the 12t graders providing incorrect
actions significantly increased to about 70%. This
unexpectedly high rate might indicate either a
misunderstanding of the question, a shift in perception about
what constitutes effective actions, or possibly a more critical
view of what truly supports the circular economy and
recycling. Only a small percentage, about 10%, of the 12t
graders fell into the partly correct category. This lower value
compared to the 9™ graders might reflect a polarization in
understanding as students age, moving towards either largely
incorrect or wholly correct understandings. Approximately
20% of the 12t grade responses were considered correct. This
is a significant decrease from the 9™ grade level and could
reflect more sophisticated criteria for what students consider
to be truly effective actions as they mature or an indication of
gaps in educational reinforcement at higher grade levels.

These results show a complex picture of understanding and
misconceptions about contributing to the circular economy
and recycling systems among the 9™ graders and the 12%
graders. While the 9™ graders displayed a balanced
understanding with a good proportion achieving correct
actions, the 12™ graders showed a significant increase in
incorrect actions, suggesting a need for educational
interventions to correct and deepen understanding as students
are progressing. The disparity between the grades could also
suggest different interpretations or understanding of what
actions are effective or necessary for contributing to the
circular economy and recycling, highlighting the need for
clearer education on practical environmental actions.

Figure 6 shows the results from the task, where students
were asked, “where have you learned about the circular
economy and recycling?” The data presented in the bar chart
lists various sources of information, with the number of times
each was mentioned by students.

The most frequently mentioned source, where students
learned about the circular economy and recycling is through
school and teachers, indicating a strong educational influence
on these topics in the academic environment. The Internet is
the second most common source, highlighting its role as a
significant platform for educational content outside

traditional classroom settings. Various forms of media
(possibly including both digital and print media) rank third,
suggesting that media outlets play a notable role in
disseminating information related to environmental topics.
Both news outlets and parents are cited equally, indicating
that students also receive information from current events and
family discussions. Television is less mentioned but still serves
as a source of information, possibly through documentaries,
news broadcasts, or educational programs. Direct information
from environmental agencies is less commonly mentioned,
which might reflect less direct engagement with these
agencies by the general student population. Interestingly, one
student mentioned not learning about these topics from
anyone, which might indicate either a lack of interest or a lack
of exposure to these topics outside formal educational
settings.

The data reveals that schools and teachers are the primary
sources of information about the circular economy and
recycling, underscoring the critical role of formal education in
environmental awareness. The Internet also serves as a key
resource, reflecting its importance as a tool for self-education
and information dissemination. While traditional and new
media forms contribute to awareness, there is a relatively
lower engagement with direct sources like environmental
agencies. This distribution of sources suggests that enhancing
collaborations between schools, media, and environmental
agencies could further improve the breadth and depth of
student education on these critical topics. The mention of not
learning from anyone highlights a potential gap that needs
addressing to ensure all students have access to information
about sustainability practices.

The results from Table 2 present a breakdown of responses
from the task, where students were asked, “who else do you
think should talk about these topics and why?”

The students’ suggestion to include everyone underscores
the universality of environmental issues. Respondents believe
that broad-based education and information dissemination
are crucial because these topics affect all members of the
community, impacting societal well-being and requiring
collective action.

Engaging young children and youth is considered vital
because they are often less aware of environmental impacts
and their responsibilities. Early education on these topics is
seen as essential for instilling sustainable values and behaviors
that can influence their future actions and attitudes toward
environmental stewardship.

There is a recognition that students are at a critical phase
of learning and development. Discussing circular economy and
recycling within educational settings ensures they become
informed and capable individuals who can contribute
positively to societal changes. The goal is to arm them with
knowledge that empowers them to make informed decisions.

Adults are influential in both community and family
settings. Educating adults is seen as a way to change
entrenched worldviews and promote contemporary values that
include sustainability. Adults have the capacity to implement
changes at the community or policy level and influence
younger generations through their actions and decisions.
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Table 2. Answers to question “who else do you think should talk about these topics & why?”

Category Code (who to talk to) Why?
General audience Everyone, all, people, our brothers, & To all. people, 50 they WOUl.d know more about it. Informatlon. &

. education about certain topics are relevant to everyone, as societal
(broad) community members

issues affect all members of community.

Young children, little ones, children of
all ages in schools, starting from
kindergarten, children from
kindergarten onwards, school children,
& youth (mentioned twice)

Children & youth
(age-specific)

To little ones, as they usually do not know much about such things &
who constantly throw candy wrappers on the ground. Engaging children
& youth in conversations about important issues is crucial for early
education. It helps instil values & knowledge that shape their future
actions & attitudes.

Students Students in schools at all educational
(educational level) levels & students at school

To students, so they would know. Students are in a pivotal phase of
learning & development. Discussing these topics in educational settings
ensures they become well-informed individuals who can contribute
positively to society.

Adults & special Parents, elderly, & primarily adults

To change their worldview to be more contemporary. Adults often have
power to make changes at community or policy level. Educating adults,

groups including parents & elderly, can have a ripple effect, influencing their
decisions & upbringing of next generation.
Environmental . . Rural areas face significant challenges with waste management.
People, especially those who live in . R .
awareness Targeted awareness campaigns in cities can lead to better practices, such

i cities
(context-specific)

as recycling & reduced consumption, that are critical for sustainability.

Rural areas face significant environmental challenges,
particularly in waste management. Targeting city dwellers for
awareness campaigns can lead to better practices, such as
effective recycling and reduced consumption, critical
components for sustainable rural living.

These data highlight a comprehensive approach to
environmental education, emphasizing the need to involve
various groups in the conversation about circular economy and
recycling.

By engaging a wide spectrum of the population—-from the
very young to the elderly-the respondents recognize that
effective communication and education about environmental
issues must be inclusive and widespread, tailored to specific
needs and contexts. This approach not only enhances
awareness but also fosters a culture of responsibility and
proactive engagement across all levels of society.

DISCUSSION & CONCLUSIONS

This study focused on understanding circular economy and
recycling concepts among secondary school students in a
peripheral rural setting. Utilizing both qualitative and
quantitative methods, the research aimed to assess and
enhance students’ comprehension through educational
module of circular economy and recycling.

The importance of teaching circular economy and recycling
concepts in educational settings, particularly in peripheral
rural districts cannot be underestimated (Bien et al., 2005;
Debrah et al., 2021) as there are the unique challenges and
opportunities in these areas (Depopulation in Peripheral
Regions of Eastern Poland-Determinants and Con, n. d.;
Heffner & Latocha, 2020; LeDrew, 2020; Vaishar et al., 2020).

The findings revealed a significant improvement in
understanding from the 9% grade to the 12t grade, indicating
a clear developmental trend in the comprehension of the
circular economy. The data suggests a need for targeted
educational strategies for younger students to establish a solid
foundational understanding early on (Walshe, 2017).

Furthermore, the high rate of partly correct answers among the
12t graders suggests the necessity for enhanced clarity and
more integrated, practical applications in the curriculum to
address complex topics effectively (Zwiers et al., 2020).

For recycling, the results showed an exceptionally
successful comprehension across both grade levels, with a
100% correctness rate, reflecting highly effective educational
approaches that ensure thorough understanding of both the
concept and practice of recycling. This success points towards
consistent and effective educational messaging and methods
throughout the students’ education (Tiippana-Usvasalo et al.,
2023).

Peripheral rural districts offer unique experiential learning
opportunities that can significantly enhance environmental
education. These areas serve as real-world activities, where
students can directly observe and engage with sustainability
practices, which is reflected in the high student readiness to
involve in activities like “waste management” (Adamowicz,
2021).

The shift in student attitudes towards sustainability and
recycling, particularly noted in  post-intervention
questionnaires, indicates that increased awareness can lead to
significant behavior change and potentially influence
community (Chodkowska-Miszczuk et al., 2021). This is
further supported by strong student support for expanding
coverage of circular economy and recycling topics in school
science classes, as indicated by high affirmative responses
(82% and 90%) of participating students.

The effectiveness of the educational module in changing
student perceptions highlights the importance of interactive
and participatory teaching methods (Rodriguez Aboytes &
Barth, 2020). The study suggests further improvements and
adaptations based on student feedback to enhance
engagement and understanding in less comprehended areas
such as “production” and “consumption” (Garcia-Gonzalez et
al., 2022).
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Limitations of Study

The study’s limitations include its small, rural-focused
sample, which might limit the generalizability of the findings.
Moreover, the specific demographic focus might not
accurately reflect urban students’ perspectives or challenges.

Recommendations for Future Research

Future research should explore these educational topics
across diverse demographic settings and age groups. It’s
recommended to examine different innovative pedagogical
approaches (Reynolds et al., 2018) to deepen the
understanding of sustainability issues of circular economy and
recycling, particularly in areas, where misconceptions persist.
Focus should be put on long-term impacts of environmental
education on societal and individual levels (Liu et al., 2019).

This study underscores the critical role of education in
promoting sustainable behaviors and attitudes towards the
circular economy and recycling. The findings advocate for
beginning environmental education as early as kindergarten
and extending it to older populations to ensure comprehensive
community engagement. The importance of schools and
teachers as primary information sources is evident, and there
is a potential for enhancing collaborations between
educational institutions, media, and environmental agencies
to broaden the scope and depth of student education on these
crucial topics. By engaging a wide spectrum of the population,
effective communication and education about environmental
issues can be achieved, fostering a culture of responsibility and
proactive engagement across all levels of society.

In summary, there is a strong inclination towards
environmental sustainability among students, particularly in
the areas of renewable energy, recycling, and waste
management. Also, there is an upward trend in participation
from the 9™ grade to the 12 grade, indicating an increased
environmental awareness with age. However, there is still
room for growth in the areas of production, consumption, and
some aspects of reducing and reusing.

The survey highlights a significant willingness among
students to engage in environmentally friendly practices. It
emphasizes the importance of early and inclusive education on
sustainability, suggesting that such initiatives should start
from a young age and address older generations. The role of
schools, teachers, and digital resources in spreading awareness
about the circular economy and recycling is notably
significant.

This distinction in learning outcomes underscores the
relevance of targeting rural districts with educational
initiatives that bridge science education with practical
environmental and sustainability applications. Such efforts
are vital for empowering students in rural communities to
become proactive inhabitants of their environment, leveraging
their knowledge for the betterment of their local and the global
ecosystem.

Author contributions: All authors have sufficiently contributed
to the study and agreed with the results and conclusions.
Funding: This study was supported by Horizon 2020 Twinning
Project “SciCar” (addressing attractiveness of science career
awareness).

Acknowledgements: The authors would like to thank the
students &the teacher who participated in this study.

Ethical statement: The participants of this study were students
of teacher Merike Kont who conducted data collection for this
study during her regular teaching of biology & principal of the
school & parents of students was aware of anonymous & confident
data collection & storage of data.

Declaration of interest: No conflict of interest is declared by the
authors.

Data sharing statement: Data supporting the findings and
conclusions are available upon request from the corresponding
author.

REFERENCES

Adamowicz, M. (2021). The potential for innovative and smart
rural development in the peripheral regions of Eastern
Poland. Agriculture, 11(3), 3. https://doi.org/10.3390/
agriculture11030188

Almeida, F. (2018). Strategies to perform a mixed methods
study. European Journal of Education Studies, 5(1), 137-151.
https://doi.org/10.5281/zenodo.1406214

Basic Schools and Upper Secondary Schools Act-Riigi Teataja.
(n. d.). Basic schools and upper secondary schools act.
https://www.riigiteataja.ee/en/eli/ee/525062014005/conso
lide/current

Best Word Cloud Generator-25+ Templates. (n. d.). Best word
cloud generator. WordArt.Com. https://wordart.com

Bien, W., Lappe, L., & Rathgeber, R. (2005). The situation of
young people in rural areas. In R. Hale (Ed.), Winning and
losing. Routledge.

Binder, J., & Matern, A. (2020). Mobility and social exclusion
in peripheral regions. European Planning Studies, 28(6),
1049-1067.
https://doi.org/10.1080/09654313.2019.1689926

Chintalapudi, N., Battineni, G., Canio, M. D., Sagaro, G. G., &
Amenta, F. (2021). Text mining with sentiment analysis on
seafarers’ medical documents. International Journal of
Information Management Data Insights, 1(1), 100005.
https://doi.org/10.1016/j.jjimei.2020.100005

Chodkowska-Miszczuk, J., Kola-Bezka, M., Lewandowska, A.,
& Martinat, S. (2021). Local communities’ energy literacy
as a way to rural resilience-An insight from inner
peripheries. Energies, 14(9), 9. https://doi.org/10.3390/en
14092575

Chowdhury, T. B. M., Holbrook, J., & Rannikmé&e, M. (2020).
Addressing sustainable development: Promoting active
informed citizenry through trans-contextual science
education. Sustainability, 12(8), 8. https://doi.org/10.3390/
su12083259

Circula® (n. d.). The circular economy and entrepreneurship
game. https://circula.fi/en/
Crédit Agricole Group. (n.d.). Estonia: Economic and political

overview. https://international.groupecreditagricole.com/
en/international-support/estonia/economic-overview


https://doi.org/10.3390/agriculture11030188
https://doi.org/10.3390/agriculture11030188
https://doi.org/10.5281/zenodo.1406214
https://www.riigiteataja.ee/en/eli/ee/525062014005/consolide/current
https://www.riigiteataja.ee/en/eli/ee/525062014005/consolide/current
https://wordart.com/
https://doi.org/10.1080/09654313.2019.1689926
https://doi.org/10.1016/j.jjimei.2020.100005
https://doi.org/10.3390/en14092575
https://doi.org/10.3390/en14092575
https://doi.org/10.3390/su12083259
https://doi.org/10.3390/su12083259
https://circula.fi/en/
https://international.groupecreditagricole.com/en/international-support/estonia/economic-overview
https://international.groupecreditagricole.com/en/international-support/estonia/economic-overview

10/11

Laius et al. / Interdisciplinary Journal of Environmental and Science Education, 20(3), 2409

Dahs, A., Berzins, A., & Krumins, J. (2021). Challenges of
depopulation in Latvia’s rural areas. In Proceedings of the
2021 International Conference “Economic Science for Rural
Development” (pp. 535-545). LLU ESAF. https://doi.org/10.
22616/ESRD.2021.55.055

Debrah, J. K., Vidal, D. G., & Dinis, M. A. P. (2021). Raising
awareness on solid waste management through formal
education for sustainability: A developing countries
evidence review. Recycling, 6(1), 1. https://doi.org/10.3390/
recycling6010006

Depopulation in Peripheral Regions of Eastern Poland-
Determinants and Con. (n. d.). Depopulation in peripheral
regions of Eastern Poland. https://rnseria.com/resources/
html/article/details?id=224910&language=en

Diéguez-Santana, K., Rudi, G., Acevedo Urquiaga, A.,
Guillermo, E., & Sablén Cossio, N. (2021). An assessment
tool for the evaluation of circular economy
implementation. Academia Revista Latinoamericana de
Administracion [Academia Latin American Journal of
Administration], 34(2), 316-328. https://doi.org/10.1108/
ARLA-08-2020-0188

Echazarra, A., & Radinger, T. (2019). Learning in rural schools:
Insights from PISA, TALIS and literature. OECD.
https://doi.org/10.1787/8bla5cb9-en

European Commission Directorate General for Economic and
Financial Affairs. (2023). 2023 country report: Estonia.
https://data.europa.eu/doi/10.2765/291714

Everitt, S. L., & Brian S. (2003). A handbook of statistical
analyses using SPSS. Chapman and Hall/CRC.
https://doi.org/10.1201/9780203009765

Gaki, D., Felekis, S., Vlahos, G., Herzon, I., de Morales Fusté,
M. P., Berchoux, T., BennettCoady, R., Jitea, I. M.,
Kazakova, Y., Kessari, M., Klepac, O., Mihai, V., Moran, J.,
Tolic, S., & Roglic, M. (2022). Innovative education for
sustainable development in peripheral rural areas. In
Proceedings of the 10" International Conference on
Information and Communication Technologies in Agriculture,
Food and Environment (pp. 480-487).

Garcia-Gonzalez, E., Albareda-Tiana, S., Solis-Espallargas, C.,
& Jiménez-Fontana, R. (2022). Transformative education
for sustainable consumption. Trends in Higher Education,
1(1), 1-15. https://doi.org/10.3390/higheredu1010001

Glaser-Zikuda, M., Hagenauer, G., & Stephan, M. (2020). The
potential of qualitative content analysis for empirical
educational research. Forum Qualitative
Sozialforschung/Forum: Qualitative Social Research, 21(1),
20. https://doi.org/10.17169/fqs-21.1.3443

Hayashi, P., Abib, G., & Hoppen, N. (2019). Validity in
qualitative research: A processual approach. The
Qualitative Report, 24(1), 98-112. https://doi.org/10.46743/
2160-3715/2019.3443

Hearst, M. A., Pedersen, E., Patil, L., Lee, E., Laskowski, P., &
Franconeri, S. (2020). An evaluation of semantically
grouped word cloud designs. IEEE Transactions on
Visualization and Computer Graphics, 26(9), 2748-2761.
https://doi.org/10.1109/TVCG.2019.2904683

Heffner, K., & Latocha, A. (2020). Desolated villages as
examples of spatial, economic and social marginalization
in the Polish-Czech borderland and their current
transformations. In E. Nel, & S. Pelc (Eds.), Responses to
geographical marginality and marginalization: From social
innovation to regional development (pp. 123-142). Springer.
https://doi.org/10.1007/978-3-030-51342-9 8

Holbrook, J., & Rannikmae, M. (2017). Context-based teaching
and socio-scientific issues. In K. S. Taber, & B. B. Akpan
(Eds.), Science education (pp. 279-294). Brill. https://doi.org
/10.1007/978-94-6300-749-8 21

Holbrook, J., Rannikmée, M., & Soobard, R. (2020). STEAM
education—-A transdisciplinary teaching and learning
approach. In B. Akpan, & T. J. Kennedy (Eds.), Science
education in theory and practice: An introductory guide to
learning theory (pp. 465-477). Springer. https://doi.org/
10.1007/978-3-030-43620-9 31

Janis, 1., Alias, M., Zulkipli, M., & Muhammad-Sukki, F. (2020).
Using illustrations to make decisions on the most
appropriate qualitative research methodology: The
Industry 4.0 scenario. International Journal of Qualitative
Methods, 19, 160940692090724. https://doi.org/10.1177/
1609406920907247

Jeronen, E., Palmberg, 1., & Yli-Panula, E. (2016). Teaching
methods in biology education and sustainability education
including outdoor education for promoting sustainability—
A literature review. Education Sciences, 7(1), 1.
https://doi.org/10.3390/educsci7010001

Jitea, M. 1., Gaki, D., Vlahos, G., Felekis, S., Herzon, I., Moran,
]., Puig de Morales, M., Berchoux, T., Kazakova-Mateva, Y.,
& Rogli¢, M. (2021). The assessment of the education needs
and gaps for the sustainable development of the EU peripheral
rural areas. https://hal.science/hal-03538830

Keramitsoglou, K., Litseselidis, T., & Kardimaki, A. (2023).
Raising effective awareness for circular economy and
sustainability concepts through students’ involvement in a
virtual enterprise. Frontiers in Sustainability, 4.
https://doi.org/10.3389/frsus.2023.1060860

Kioupi, V., & Voulvoulis, N. (2019). Education for sustainable
development: A systemic framework for connecting the
SDGs to educational outcomes. Sustainability, 11(21), 21.
https://doi.org/10.3390/su11216104

Korsunova, A., Horn, S., & Vainio, A. (2021). Understanding
circular economy in everyday life: Perceptions of young
adults in the Finnish context. Sustainable Production and
Consumption, 26, 759-769. https://doi.org/10.1016/j.spc.
2020.12.038

Kriisk, K. (2019). Distribution of local social services and
territorial justice: The case of Estonia. Journal of Social
Policy, 48(2), 329-350. https://doi.org/10.1017/
S0047279418000508

LeDrew, R. (2020). Circularity on the periphery: Exploring the
circular economy in rural and peripheral geographies
[Master’s thesis, Memorial University of Newfoundland].


https://doi.org/10.22616/ESRD.2021.55.055
https://doi.org/10.22616/ESRD.2021.55.055
https://doi.org/10.3390/recycling6010006
https://doi.org/10.3390/recycling6010006
https://rnseria.com/resources/html/article/details?id=224910&language=en
https://rnseria.com/resources/html/article/details?id=224910&language=en
https://doi.org/10.1108/ARLA-08-2020-0188
https://doi.org/10.1108/ARLA-08-2020-0188
https://doi.org/10.1787/8b1a5cb9-en
https://data.europa.eu/doi/10.2765/291714
https://doi.org/10.1201/9780203009765
https://doi.org/10.3390/higheredu1010001
https://doi.org/10.17169/fqs-21.1.3443
https://doi.org/10.46743/2160-3715/2019.3443
https://doi.org/10.46743/2160-3715/2019.3443
https://doi.org/10.1109/TVCG.2019.2904683
https://doi.org/10.1007/978-3-030-51342-9_8
https://doi.org/10.1007/978-94-6300-749-8_21
https://doi.org/10.1007/978-94-6300-749-8_21
https://doi.org/10.1007/978-3-030-43620-9_31
https://doi.org/10.1007/978-3-030-43620-9_31
https://doi.org/10.1177/1609406920907247
https://doi.org/10.1177/1609406920907247
https://doi.org/10.3390/educsci7010001
https://hal.science/hal-03538830
https://doi.org/10.3389/frsus.2023.1060860
https://doi.org/10.3390/su11216104
https://doi.org/10.1016/j.spc.2020.12.038
https://doi.org/10.1016/j.spc.2020.12.038
https://doi.org/10.1017/S0047279418000508
https://doi.org/10.1017/S0047279418000508

Laius et al. / Interdisciplinary Journal of Environmental and Science Education, 20(3), 2409

11/11

Lindgren, B.-M., Lundman, B., & Graneheim, U. H. (2020).
Abstraction and interpretation during the qualitative
content analysis process. International Journal of Nursing
Studies, 108, 103632. https://doi.org/10.1016/j.ijnurstu.
2020.103632

Liu, Q., Cheng, Z., & Chen, M. (2019). Effects of environmental
education on environmental ethics and literacy based on
virtual reality technology. The Electronic Library, 37(5),
860-877. https://doi.org/10.1108/EL-12-2018-0250

Marksoo, A. (1999). Restructuring of urban and rural
settlement in Estonia. In F. W. Carter, & W. Maik (Eds.),
Shock-shift in an enlarged Europe. Routledge.

PACKGDEPO-EstLat. (n. d.). PACKGDEPO-EstLat.
http://old.estlat.eu/en/estlat-results/packgdepo.html

Proudfoot, K. (2023). Inductive/deductive hybrid thematic
analysis in mixed methods research. Journal of Mixed
Methods Research, 17(3), 308-326. https://doi.org/10.1177/
15586898221126816

Reynolds, M., Blackmore, C., Ison, R., Shah, R., & Wedlock, E.
(2018). The role of systems thinking in the practice of
implementing sustainable development goals. In W. Leal
Filho (Ed.), Handbook of sustainability science and research
(pp. 677-698). Springer. https://doi.org/10.1007/978-3-
319-63007-6_42

Rodriguez Aboytes, J. G., & Barth, M. (2020). Transformative
learning in the field of sustainability: A systematic
literature review (1999-2019). International Journal of
Sustainability in Higher Education, 21(5), 993-1013.
https://doi.org/10.1108/IJSHE-05-2019-0168

Selvi, A. F. (2019). Qualitative content analysis. In J. McKinley,
& H. Rose (Eds.), The Routledge handbook of research
methods in applied linguistics. Routledge. https://doi.org/
10.4324/9780367824471-37

Tampubolon, F. R. S., Hasibuan, F. D., & Yuwono, A. S. (2024).
Sustainable development goals in rural areas with
environmental and social implications: A meta-regression
analysis. Migration Letters, 21(S3), S3.

Tengecha, N. A., Akintunde, T. Y., Agyeman, S., & Alimo, P. K.
(2024). Education for sustainable development in rural
communities: Parents’ perceptions of children’s
willingness-to-study and learning difficulties associated
with school transport in Ukerewe Island, Tanzania.
Sustainable Development, 32(1), 275-286. https://doi.org/
10.1002/sd.2640

Tiippana-Usvasalo, M., Pajunen, N., & Maria, H. (2023). The
role of education in promoting circular economy.
International Journal of Sustainable Engineering, 16(1), 92-
103. https://doi.org/10.1080/19397038.2023.2210592

Vaishar, A., Stastna, M., Zapletalov4, J., & Novéakov4, E. (2020).
Is the European countryside depopulating? Case study

Moravia. Journal of Rural Studies, 80, 567-577.
https://doi.org/10.1016/j.jrurstud.2020.10.044
Walshe, N. (2017). An interdisciplinary approach to

environmental and sustainability education: Developing
geography students’ understandings of sustainable
development using poetry. Environmental Education
Research, 23(8), 1130-1149. https:/doi.org/10.1080/
13504622.2016.1221887

Zwiers, J., Jaeger-Erben, M., & Hofmann, F. (2020). Circular
literacy. A knowledge-based approach to the circular
economy. Culture and Organization, 26(2), 121-141.
https://doi.org/10.1080/14759551.2019.1709065


https://doi.org/10.1016/j.ijnurstu.2020.103632
https://doi.org/10.1016/j.ijnurstu.2020.103632
https://doi.org/10.1108/EL-12-2018-0250
http://old.estlat.eu/en/estlat-results/packgdepo.html
https://doi.org/10.1177/15586898221126816
https://doi.org/10.1177/15586898221126816
https://doi.org/10.1007/978-3-319-63007-6_42
https://doi.org/10.1007/978-3-319-63007-6_42
https://doi.org/10.1108/IJSHE-05-2019-0168
https://doi.org/10.4324/9780367824471-37
https://doi.org/10.4324/9780367824471-37
https://doi.org/10.1002/sd.2640
https://doi.org/10.1002/sd.2640
https://doi.org/10.1080/19397038.2023.2210592
https://doi.org/10.1016/j.jrurstud.2020.10.044
https://doi.org/10.1080/13504622.2016.1221887
https://doi.org/10.1080/13504622.2016.1221887
https://doi.org/10.1080/14759551.2019.1709065

	INTRODUCTION
	METHODOLOGY
	Sample & Data Collection
	Data Analysis
	Validation of Research Results

	RESULTS
	Students’ Prior Knowledge About Circular Economy & Recycling
	Questionnaire on New Information Received During Learning Module & Feedback

	DISCUSSION & CONCLUSIONS
	Limitations of Study
	Recommendations for Future Research

	REFERENCES

