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This study explores the integration of green and sustainable chemistry into educational curricula and its impact
on students' knowledge, motivation, and perceptions. The research aimed to evaluate whether activities centered on
green and sustainable chemistry improve students' academic performance and foster awareness of sustainability con-
cepts. Conducted between April and June 2024 in three primary schools in N. Macedonia, the study involved 211 8%
grade students, divided into a control group and an experimental group. While the control group followed standard les-
sons, the experimental group participated in specific activities integrated into the topic "Introduction to Organic Chem-
istry." A mixed-methods approach was employed, combining quantitative tools such as the conceptual knowledge test
and the activity perception questionnaire, alongside qualitative methods like focus groups and semi-structured inter-
views. The conceptual knowledge test assessed students' academic achievements, while the activity perception ques-
tionnaire evaluated their perceptions of the activities. The results showed no significant difference in academic perfor-
mance between the two groups. However, the activity perception questionnaire revealed that students in the experi-
mental group found the activities engaging, valuable, and effective in enhancing their understanding of green and sus-
tainable chemistry concepts. Qualitative data further indicated a preference for interactive learning methods like re-
search, games, and experiments, which fostered greater motivation and collaboration among students. This study under-
scores the importance of integrating green and sustainable chemistry into curricula to promote environmental awareness
and sustainable practices. These findings provide insights into effective teaching strategies and support the inclusion of
green and sustainable chemistry in educational policies to equip students for global environmental challenges.

Keywords: activity perception questionnaire; chemistry teaching; conceptual knowledge test; green chemistry;
primary education; sustainability

EBAJIYAIIUJA HA OBPA3OBAHHUETO 3A 3EJIEHA U OIP2KJINBA XEMHJA
MNPEKY YYEHUUYKU MTHTEPBEHIIUN

Bo pamkuTe Ha OBa MCTpaxyBame € WCTpaKyBaHa HMHTErpalMjaTa Ha 3ejeHaTa W OJPXJIMBA XeMHja BO
HACTaBHUTE MPOTpaMH U HEJ3UHOTO BIMjaHHE BpP3 3HACHKETO, MOTHBAlLlMjaTa M TNEPUENIHMUTE Ha YYCHHUIIMTE.
HcrpaxxyBameTo MMalle 3a Iel Ja OLEHH Jald aKTHBHOCTHTE INOBP3aHU CO 3€JIeHaTa M OAPXKIMBAaTa XEMHja I'o
moJ00pyBaar akaJIeMCKHOT yCIleX Ha yYSHHUIIMTE M ja TOTTUKHYBAaaT CBECTa 3a KOHIENTHUTE Ha oApkinBocT. Ctynujara
Oewre crpoBezeHa BO MEPHOAOT ox anpui a0 jynu 2024 roxuHa Bo Tpu ocHOBHHM yuwiuimita Bo C. MakenoHuja, co
BKynHO 211 y4denunwm oz 8. ojzeneHue, MoJeNCHN BO KOHTPOJHA M €KCIepUMeHTalHa rpyna. KoHTponHarta rpymna
cliefiellle TpaJWIMOHAIHM HACTaBHM 4YacOBH, JOJ€Ka EKCIHEepHMEHTalHaTa Ipyla ydecTByBalle BO CHEHUGHYHH
aKTMBHOCTH MHTETPUpPAHM BO HAacTaBHaTa Tema ,,BoBex Bo XxemujaTa Ha jariepoaHu coenuHeHuja’. [Ipumener Oere
KOMOMHHMpaH METOHOJIOIIKM NMPHUCTAIl, KOj BKJIy4yBallle KBAaHTUTATHBHH aJaTKH — TECT HA KOHLENTYaJIHO 3HACHE W
NpallajHUK 3a Neplelnja Ha aKTHBHOCTHUTE, 3aeIHO CO KBAIUTATHBHH METOAN — (DOKYC-TPYIH U IONYCTPYKTypPHPaHH
uHTepBjya. TecTOT Ha KOHLENTYallHO 3HAacHke TI0 MPOLEHYBAIle aKaJeMCKHOT YCIEeX Ha YyYEHHLHTe, HoJeKa
NPAIaJHUKOT 32 Ieplelndja Ha aKTHBHOCTUTE I'M OLIEHyBalle HHUBHUTE CTABOBH 3a aKTUBHOCTHTE. Pesynrarure
MOKa)kaa JieKa HeMa 3HadajHa pa3jidKa BO aKaJeMCKHOT ycmex Iomely nsere rpymu. Cemak, NpallalHUKOT 3a
Nepuennyja Ha aKTUBHOCTHTE OTKPH JEeKa YYCHHIHMTE OJ eKCIIepMMEHTaJHaTa IpyNa M CMETaaT aKTHBHOCTHTE 3a
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WHTEPECHH, KOPHCHHU M €()EKTUBHU BO ITOJ00PYBAKETO HA HUBHOTO Pa3OMpame Ha KOHIIENTHTE 3a 3€JIEHA U OJIPIKIINBA
xeMuja. JlomOTHUTENHO, KBATUTATUBHUTE MOAATOLM MTOKaXaa AeKa YYCHUIUTE MPETIOYNTaaT UHTEPAKTUBHH METOIU
Ha y4yeme, KaKo IITO C€ MCTPaXKyBama, UI'PH U €KCIePUMEHTH, KOM ja 3roJieMHja HHUBHAaTa MOTHBaIHja U copaboTKa.
OBa ucTpaKyBame ja HarlacyBa BaKHOCTa Ha HHTErpaljaTa Ha 3eJieHaTa M OJpXKIMBA XeMHja BO HACTaBHUTE
NPOTPaMH CO IIeJ JIa CE€ TIOTTUKHE €KOJIOLIKATa CBECT U OJPXIIMBHUTE MpakTHKU. OBHE HAOJM HyJAT BPEIHH CO3HAHU]a
3a e()eKTHBHU HACTaBHU CTPATErWH U ja MOAJPKyBaaT BKIy4YE€HOCTa Ha 3eJeHaTa U OJp)KJIMBa XeMHja BO 0OPa3OBHHTE
HOJIUTHKH, CO LEJ JIa C€ MOATOTBAT YUSHHIUTE 32 INI00ATHUTE EKOJIOIIKY IPEIU3BHIIH.

KJIy‘lHI/[ 360p0BI/lZ 3CJICHa XeMI/Ija; HacTaBa 110 XeMI/Ija; OIpPKIIMBOCT; OCHOBHO O6p330BaHI/Ie;
npamajHuK 3a nepuenuI/Ija Ha aKTUBHOCTHUTE; TECT HA KOHLCIITYAJIHO 3HACHK:EC.

1. INTRODUCTION

Green chemistry has emerged as a critical
field in modern chemistry, emphasizing sustaina-
bility and environmental protection. The core prin-
ciple of green chemistry is the design of chemical
products and processes that minimize the use and
generation of hazardous substances, aligning with
the principles of sustainability and environmental
stewardship.! The twelve principles of green chem-
istry serve as comprehensive guidelines to achieve
these goals, focusing on areas such as waste pre-
vention, atom economy, the use of safer solvents
and auxiliaries, and energy-efficient design.?*

Green and sustainable chemistry (GSC)
plays a vital role in advancing sustainability
through three key pathways: developing renewable
energy technologies, sourcing chemical industry
reagents from renewable materials, and replacing
polluting technologies with environmentally
friendly alternatives.* Recent advancements in
green chemistry have demonstrated significant
progress across multiple sectors. For example, the
development of new catalytic processes has re-
duced the reliance on hazardous reagents and min-
imized waste production. Innovative techniques
such as electrochemical cascade reactions and the
use of molten salts for synthesizing carbon-based
materials have shown promise in enhancing cata-
lytic activity and sustainability.® Furthermore, the
shift towards greener processes, such as producing
lignin-based adhesives and efficiently converting
biomass into valuable chemicals, has not only re-
duced environmental impact, but also enhanced the
economic viability of green technologies.® Moreo-
ver, the application of CO,-derived non-isocyanate
polyurethanes (NIPUs) has highlighted the poten-
tial of using greenhouse gases as feedstock for val-
uable products, contributing to carbon capture and
utilization strategies.’

The integration of GSC concepts into chemis-
try education has also gained increasing im-
portance.® Green chemistry focuses on reducing or
eliminating hazardous substances, while sustainabil-

ity promotes environmental, economic, and social
responsibility. Together, these concepts enhance the
safety and efficiency of chemical processes while
raising awareness of environmental issues and sus-
tainable development.® These concepts teach stu-
dents the importance of protecting the environment
and responsibly managing natural resources. Re-
search shows that incorporating green chemistry and
sustainability into curricula significantly improves
students' knowledge and attitudes toward chemistry
and the environment. According to Zuin et al.,*°
students exposed to green chemistry concepts de-
velop greater awareness of chemistry's impact on
the environment and are more motivated to pursue
sustainable solutions in their future careers.

Numerous studies have highlighted the posi-
tive impact of green chemistry education on stu-
dents' environmental awareness and problem-
solving skills. Integrating sustainability concepts
into chemical education can foster a new generation
of chemists who are more attuned to environmental
issues and committed to sustainable practices.? Ac-
cording to Linkwitz and Eilks,** integrating green
chemistry and sustainability into chemistry curricula
is crucial, as it promotes the responsible handling of
chemicals, helping them avoid health and environ-
mental issues while preventing the development of
chemophobic attitudes. This holistic approach to
chemistry education not only prepares students to
make informed decisions as consumers, but also
empowers them to participate meaningfully in so-
cietal discussions on the environmental implications
of chemical processes and products.

The research conducted by Armstrong et
al.’> with university students highlights the im-
portance of integrating green chemistry and sus-
tainability into the chemistry curriculum. Their
findings reveal that students not only gained a
strong understanding of green chemistry concepts,
but also began adopting a systems-thinking per-
spective, enabling them to recognize the relevance
of green chemistry to their future studies and ca-
reers, fostering sustained interest and deeper un-
derstanding over time.
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In N. Macedonia, the current chemistry cur-
ricula for primary and secondary education largely
neglect topics related to green chemistry and sus-
tainability. In primary education, GSC content is
briefly introduced in the 8" grade within the "In-
troduction to Organic Chemistry" topic, where
concepts such as the greenhouse effect, renewable
and non-renewable energy sources, and alternative
fuels are discussed. In the 9" grade, the topic "Exo-
thermic and Endothermic Reactions” explores the
burning process in greater detail, highlighting the
adverse effects of fuel combustion on air quality.

In secondary high school education, GSC
topics are mentioned only to note the importance
of chemistry in professional and everyday life, as
well as in industry. These topics are mostly incor-
porated within experimental context, covering sub-
jects like the properties of substances, their han-
dling, products usage, lab safety, etc. The over-
arching learning objective is to help students un-
derstand that they live in a chemical environment
and should seek logical explanations for chemical
phenomena and their consequences.

In contrast, the incorporation of GSC in sec-
ondary vocational education is more substantial.
The Center for Vocational Education and Training
recognized the need for changes and interventions
in education to better equip students with the nec-
essary skills for their professions and started creat-
ing policies to strengthen the capacities of students
in order to deal with the rapid changes in the
world, including environmental problems. Conse-
guently, policies have been developed to enhance
students' capacities, leading to the introduction of a
new educational program in the chemistry and
technology sector — Environmental Protection
Technician. This profile includes a range of GSC-
related courses, such as Renewable Energy
Sources, Sustainable Development, Pollution and
Protection of Water, Soil and Air, Climate Change,
Waste Management, and Analysis of Soil, Water,
and Air. These courses are complemented by prac-
tical exercises and work-based learning opportuni-
ties with employers.

The minimal inclusion of green chemistry
and sustainability topics in Macedonia's broader
educational system highlights the urgent need for
their active integration into curricula. Integrating
these topics will help students develop an under-
standing of the importance of sustainable practices
in the chemical industry and environmental protec-
tion, as well as enhance their critical thinking skills
and prepare them to participate in a sustainable
community.
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This research aims to develop and imple-
ment a set of GSC teaching activities for primary
and secondary education in Macedonia. Its primary
objectives are to evaluate whether these activities
enhance students' knowledge and achievements in
these areas and to understand students' perceptions
of the activities. The importance of this research
lies in addressing the current gaps in the Macedo-
nian educational curriculum regarding green chem-
istry. By actively integrating these topics, the re-
search seeks to foster a deeper understanding and
awareness among students of sustainable practices
in the chemical industry and environmental protec-
tion. This integration is crucial for fostering a gen-
eration of students that is both informed about and
dedicated to sustainability, contributing to the
broader goal of developing a more sustainable so-
ciety. Furthermore, the findings of this research
will provide valuable insights into the effectiveness
of the intervention and inform future educational
strategies and policies to better incorporate green
chemistry into the curriculum.

2. EXPERIMENTAL SECTION

2.1. Instructional content

Chemistry is taught in primary schools fol-
lowing a curriculum derived from the Cambridge
International Examinations framework, which was
adapted by the Bureau for the Development of Ed-
ucation and introduced during the 2016/2017
school year. Science is introduced from grades 1 to
6, while Chemistry is emphasized in grades 8 and
9. This curriculum emphasizes the development of
scientific inquiry skills, including concept review,
evidence evaluation, research planning, and data
observation and analysis. These research activities
help to build students' confidence and stimulate
their enthusiasm for science.

The concept of GSC is incorporated into the
final topic of the 8"-grade curriculum, titled "In-
troduction to Organic Chemistry".™®* Within this
topic, students expand upon their prior knowledge
of elements, compounds, chemical reactions, and
fossil fuels, focusing on carbon-containing com-
pounds. They compare the environmental impacts
of burning carbon-based fossil fuels with those of
burning hydrogen. The scientific inquiry process
emphasizes explaining results using scientific un-
derstanding, communicating findings clearly, uti-
lizing and evaluating secondary data, and present-
ing conclusions effectively. Expected learning out-
comes include identifying fossil fuels such as coal,
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natural gas, and oil, and comparing their environ-
mental effects with those of burning hydrogen.

The national standards'* for primary educa-
tion outline the competencies students should ac-
quire by the end of their primary education (9™
grade). These include key competencies for life-
long learning that encompass a blend of
knowledge, skills, and attitudes.™ In the natural
sciences, these competencies include applying evi-
dence-based knowledge and scientific methods to
explain natural phenomena, enhance quality of life,
and understand the effects of human activities on
the environment. Specifically, competencies relat-
ed to GSC in the natural sciences include:

Knowledge and skills:

— Investigate and discuss the impact of sci-
ence, technology, and human activities on the envi-
ronment.

— Understand the importance of sustainable
development and critically analyze situations,
where there are conflicts of interest between eco-
nomic-technological growth and environmental
conservation.

— Analyze interconnections between ecolog-
ical, social, and economic systems at both local
and global scales.

Values and attitudes:

— Acknowledge that Earth's natural re-
sources are finite, and irresponsible use can nega-
tively impact quality of life.

— Recognize that global warming leads to
natural disasters, affecting both living and non-
living systems.

— Accept personal responsibility for preserv-
ing the environment, promoting sustainability, and
fostering ecological awareness at local and global
levels.

This research focused on GSC and drew on
content from relevant topics in the curriculum. Key
teaching units included Fossil Fuels, Alternative
Fuels, and Evaluation of Fuel Applications. The
recommended chemical terms for this topic includ-
ed: fossil fuels, coal, oil, natural gas, non-renewable,
renewable, hydrogen fuel, cost, efficiency, availabil-
ity, pollution, environmental impact, and acid rain.™
Suggested keywords for scientific inquiry included:
discuss, observe, explain, predict, explore, present,
compare, conclude, examine, and identify.

2.2. Methodology
2.2.1. Objectives of the study

The aim of this paper was to explore stu-
dents' perceptions of green chemistry and sustaina-

bility, as well as their views on the specific activi-
ties conducted as part of this research. This study
sought to provide insights into how the integration
of green chemistry and sustainability into teaching
practices could be improved and adapted to achieve
better educational outcomes and foster greater
awareness among both students and teachers.

The research was guided by two key re-
search questions (RQs): RQ1: Does the imple-
mented teaching activity enhance students'
knowledge and academic performance in Chemis-
try on the topic "Introduction to Organic Chemis-
try"? RQ2: How do students perceive the Green
and Sustainable Chemistry (GSC) activities in
terms of interest and enjoyment, value and useful-
ness, effort and importance, perceived competence,
and pressure or tension?

2.2.2. Research sample

To assess the impact of GSC activities on
students' academic performance and perceptions,
research was conducted in three primary schools in
N. Macedonia between April and June 2024. The
initial sample consisted of 211 8" grade students
(ages 13-14); however, due to student absences,
the final analysis was conducted on a reduced
sample of 192 students, which was sufficient for
meaningful analysis.'®

One of the researchers (and co-authors)
taught at two of the participating schools, forming
the experimental group (EG). Meanwhile, a subject
teacher from the third school conducted the in-
struction there, forming the control group (CG).
Prior to the study, discussions were held to align
the teaching with the national curriculum, ensuring
consistency in content coverage.

The CG followed traditional teaching meth-
ods delivered by the subject teacher, while the EG
received an intervention specifically designed for
this study. This intervention utilized interactive
teaching methods while still adhering to the curric-
ulum's learning objectives. The researcher was re-
sponsible for disseminating and analyzing all tests
and questionnaires and conducting all interviews.

An initial assessment of students' perfor-
mance showed no significant differences between
the CG and EG students. Consequently, a purpos-
ive sampling method was chosen, allowing for the
smooth implementation of classes without causing
additional burden or discomfort to the students.
Details about the participants are presented in Ta-
ble 1.
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Table 1

Participants involved in the study

Number of participants

Group Male Female Total
CG 48 59 107
EG 54 50 104

Total 102 109 211

The inclusion of 8" grade students is signifi-
cant, as this age represents a critical period for de-
veloping scientific curiosity and increasing aware-
ness about sustainability. Moreover, analyzing
their perceptions and academic achievements of-
fers valuable insights into the effectiveness of the
interventions in enhancing both learning outcomes
and motivation. These findings can serve as a
strong foundation for designing similar activities
for older students.

2.2.3. Research instruments

Data were collected using a combination of
quantitative and qualitative instruments to enable a
comprehensive understanding of the educational
process. This mixed-methods approach provided a
thorough analysis, combining numerical data with
deeper qualitative insights. The combination of
these methods also enhanced the validity of the
results through triangulation.*”*8

For quantitative data collection, two primary
tools were used: a conceptual knowledge test
(CKT) and an activity perception questionnaire
(APQ). CKT measured students' academic perfor-
mance and assessed the effectiveness of the teach-
ing methods related to green chemistry. Adminis-
tered after the instructional content was delivered,
the test consisted of 15 multiple-choice questions,
each with four options, only one of which was cor-
rect. Each correct answer scored one point, making
the maximum possible score on the test 15 points.

To ensure the test's face and content validity,
it was reviewed by experts in chemistry and chem-
istry education, including one university professor
and two primary school teachers. Their evaluations
focused on the test's relevance, clarity, accuracy,
readability, and overall design, as well as its
alignment with the targeted concepts and learning
objectives. Their feedback significantly improved
the test's quality.

The APQ was constructed using items from
five subscales (interest/enjoyment, value/use-
fulness, effort/importance, perceived competence,
and pressure/tension) derived from the Intrinsic
Motivation Inventory. This inventory has been
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widely used in experiments on intrinsic motivation
and self-regulation, originating from foundational
studies by Ryan'® and Ryan, Mims, and Koestner.?
The APQ consisted of 23 seven-point Likert-type
statements (1: not at all true; 7: very true), offering
a detailed understanding of students' perceptions
and experiences regarding the activities.

For qualitative data collection, focus groups
(conducted prior to the classroom activities) and
semi-structured individual interviews (conducted
after the activities) were used. These methods ena-
bled the exploration of students' initial knowledge,
as well as their reflections and insights after partic-
ipating in the GSC interventions. Interviews, both
individual®? and group,?2 have proven to be
effective tools in educational research when seek-
ing detailed explanations and understanding.

This combination of quantitative and quali-
tative approaches provided a robust framework for
examining the impact of the interventions, yielding
deeper insights into students' attitudes, motivation,
and learning outcomes.

2.2.4. Design

The research design was structured to pro-
vide a comprehensive approach to analyzing per-
ceptions and effects of activities, as well as to pro-
vide specific recommendations for improving
teaching practices and programs. The research was
conducted in several phases:

1) Comparing first-semester grades of CG
and EG students and analyzing data (April 22 — 23,
2024).

2) Conducting focus groups with EG stu-
dents (April 29 — 30, 2024).

3) Preparing transcripts and analyzing focus
groups discussions (May 6 — 10, 2024).

4) Implementing the intervention in EG
(May 20 — 31, 2024).

5) Administering the activity perception
guestionnaire to assess the opinions and experienc-
es of EG students regarding the implemented activ-
ities (May 31, 2024).

6) Conducting individual interviews with
EG students (June 3 — 7, 2024).

7) Administering the conceptual knowledge
test in CG and EG (June 10, 2024).

8) Analyzing the test results (June — July
2024).

9) Preparing transcripts and analyzing inter-
views with students (July — September 2024).

The research began with an analysis of stu-
dents' grades to assess their achievements in
Chemistry and to ensure comparability between the
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control group (CG) and the experimental group
(EG) in terms of prior performance. To evaluate
students' prior knowledge of green chemistry con-
cepts, four focus group sessions were conducted
with EG students from both schools. Each focus
group included six students, representing a range
of achievement levels: two high achievers, two
medium achievers, and two low achievers.
Subsequently, activities related to green
chemistry and sustainability were developed and
implemented with the 8" grade students in the EG.
The activities were integrated into the topic "Intro-
duction to Organic Chemistry"”, which included
relevant content and is typically taught in May.
The intervention comprised three 40-minute les-
sons, totaling 120 minutes. In the first lesson, stu-
dents were introduced to the related chemistry con-
tent according to the curriculum. The lesson em-
phasized the basics of green chemistry and sustain-
ability through a discussion that stimulated their
interest and activity. The second lesson was re-
served for work in small groups, where students
had the opportunity to research and collaborate on

Table 2

the assigned activity. The topics assigned to the
groups included: Sustainable Development Goals:
A Roadmap for a Better World, Green Cities for a
Green Future, The Greenhouse Effect and Climate
Change; Alternative Energy Sources: The Future
of Our Planet, and Air Pollution and Its Conse-
guences, among others. The third lesson analyzed
the results and discussed what the students had
learned. They presented their projects and reflected
on how the acquired knowledge could be applied
in everyday life. This approach allowed for the
connection of theory with practice and encouraged
students to think critically and learn together.

After completion of the teaching activities,
an activity perception questionnaire was adminis-
tered, followed by 15 individual interviews with
EG students. These interviews ensured balanced
representation from high, medium, and low
achievers. Finally, a conceptual knowledge test
was conducted, and the collected data was thor-
oughly analyzed. A more detailed description of
the experimental instruction is provided in Table 2.

Detailed description of the experimental instruction

Lesson 1

Lesson title: Fossil Fuels

By the end of the lesson, students will be able to:
— Explain what fossil fuels are, how they were formed, and identify their main types (coal,

oil, natural gas).

— Describe the combustion of fossil fuels, including chemical reactions involved and the

Lesson objectives

release of carbon dioxide and energy.

— Analyze the environmental impact of fossil fuels, such as air pollution, the greenhouse

effect, and acid rain.

— Propose possible solutions to reduce the negative impact of fossil fuel use, including the
adoption of cleaner technologies and renewable energy sources.

Materials and resources

Chemistry textbook and notebooks.

Introduction
(Warm-up/Engagement)

A brief discussion about their prior knowledge of fossil fuels.

The teacher presents the lecture and conducts a discussion on the main types of fossil fuels

Instructional strategies
(Lesson Presentation)

and their properties.

Group activity: Students, divided into groups, are assigned topics. They begin an initial

discussion about fossil fuels, green chemistry, and sustainable development.

Assessment
(Formative/Summative)

Formative assessment: Monitoring students' engagement in discussions and activities.

Closure
(Wrap-up/Reflection)

Students answer the question: "Could we live without fossil fuels, and how?" and summarize
the benefits and drawbacks of fossil fuels.
The teacher encourages students to think about sustainable solutions.

Homework/Extension activities

/

Lesson 2

Lesson title: Alternative Fuels

Lesson objectives

By the end of the lesson, students will be able to:

— Understand the role of alternative fuels in reducing environmental impact.

— Analyze the benefits and challenges of different sustainable energy sources.

— Develop critical thinking and teamwork skills through research and project-based learning.
— Connect the concept of green chemistry to real-world sustainability issues.

Materials and resources

Visual aids: posters, diagrams, infographics.
Research materials: articles, online resources, books.
Art supplies for creating posters and diagrams.

Maced. J. Chem. Chem. Eng. 44 (1), 157-168 (2025)
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Table 2 continues

Introduction
(Warm-up/Engagement)

The teacher discusses the role of fuels in daily life and encourages brainstorming by posing
an open-ended question: "What alternatives do we have?"

Instructional strategies
(Lesson presentation)

Students work collaboratively in groups to research topics related to green chemistry and
sustainable development.

The teacher explains the grading rubric and guides students in conducting research and
gathering key information.

Students create posters, diagrams, or other visual representations of their findings.

Assessment
(Formative/Summative)

Formative assessment: Monitoring group discussions and providing feedback on research
progress.

Closure
(Wrap-up/Reflection)

Students reflect on how alternative fuels and sustainable practices could be implemented in
their daily lives.

Homework/Extension activities

Students write a brief report on a recent innovation in alternative fuels.

Lesson 3

Lesson title: Evaluation of Fuel Application

Lesson objectives

By the end of the lesson, students will be able to:

— Develop the ability to present research topics clearly and effectively.

— Foster critical thinking through participation in discussions.

— Deepen understanding of concepts through the exchange of ideas and opinions.

Materials and resources

Students' projects (posters, diagrams, infographics).
Projector or interactive board to support presentations.

Introduction
(Warm-up/Engagement)

Teacher encourages a positive atmosphere for presentation with supportive comments.

Instructional strategies
(Lesson presentation)

Group presentations and discussions: Students, individually or in groups, present their projects to
the class. Each team is given a set time to explain their findings and visuals. After each presenta-
tion, a short Q&A session follows. Teacher encourages constructive discussion.

Assessment
(Formative/Summative)

Formative assessment: Observing students' engagement, thoughts, and ideas shared on the topic.
Summative assessment: Evaluating presentation skills, research quality, and the ability to
argue and analyze critically.

Closure (Wrap-up/Reflection)

Class discussion on how the knowledge gained could be applied in everyday life and future
careers.

The teacher administers the activity perception questionnaire to assess students' opinions
and experiences with the implemented activities.

Homework/Extension activities

Self-assessment: Students evaluate their performance and presentation skills using the rubric
and set goals for improvement.

Lesson 4

Lesson title: Knowledge Assessment

Lesson Objectives

By the end of the lesson, students will be able to:

— Evaluate their understanding of key topics related to alternative fuels and sustainability.
— Engage in critical thinking through conceptual questions.

— ldentify areas that require further clarification.

Materials and resources

Conceptual knowledge test with multiple-choice questions.

Introduction
(Warm-up/Engagement)

The teacher explains the test structure and testing procedure.
Teacher encourages students to focus on reasoning rather than memorization.

Instructional strategies
(Lesson presentation)

Students complete the test individually within a set time of 25 minutes.

Assessment
(Formative/Summative)

Summative assessment: Analyzing test results to evaluate individual performance.

Closure (Wrap-up/Reflection)

Class discussion regarding the conducted activity and its connection to environmental issues.

Homework/Extension activities

/

2.2.5. Data analysis

The data analysis combined quantitative and
qualitative methods to provide a comprehensive
understanding of the research results.

The quantitative analysis focused on com-
paring the performance of students in the CG and
EG at two key points: the end of the first semester
and after completing the GSC activities. First-
semester grades were used for initial comparison,
while results from the CKT served as the basis for
the post-activity comparison. Both CKT and APQ
data were analyzed using descriptive statistics and
statistical tests using SPSS Statistics 26.

Maced. J. Chem. Chem. Eng. 44 (1), 157-168 (2025)

The qualitative analysis involved four focus
groups and 15 individual interviews conducted
with EG students. Interviews were conducted in
empty classrooms or laboratories, ensuring confi-
dentiality. Students were informed that the results
would be used solely for research and would not
affect their grades. Interviews were audio-
recorded, lasting 15-20 minutes, and followed
Kvale's guidelines.?” An interview guide was pre-
pared, but additional questions emerged based on
students' responses. Analysis of the interviews in-
cluded transcribing the recordings, coding respons-
es, and grouping answers thematically. To main-



164 D. Nikolovski, M. Stojanovska

tain anonymity, participants were labeled based on
their school and achievement levels, e.g., S1-U1-5
(school 1, student 1, high-achiever) or S2-U4-3
(school 2, student 4, medium-achiever).

3. RESULTS AND DISCUSSION

3.1. Quantitative data analysis

Students play a central role in the education-
al process and their opinions and experiences are
crucial for the successful implementation of new
educational methods and content. Involving stu-
dents in this research is essential to understanding
how green chemistry activities affect the learning
process and their motivation. The analysis of the
results related to students should provide answers
to two research questions.

To address the first research question, "Does
the implemented teaching activity enhance stu-
dents' knowledge and academic performance?", it
was essential to compare the CKT results of stu-

Table 3

dents in the CG and EG. Based on the statistical
analysis, conclusions were drawn regarding the
effectiveness of the intervention.

Initially, a normality test was conducted to
examine whether the data followed a normal dis-
tribution. Both the Kolmogorov-Smirnov and
Shapiro-Wilk tests indicated that the first-semester
grades for both the CG and EG were not normally
distributed (Table 3), so non-parametric statistics
were applied.

To determine if there was a significant dif-
ference in the first-semester achievements between
the CG and EG students, the null hypothesis was
formulated as: Ho: There is no significant differ-
ence between the first-semester attainments of the
8" grade students in the CG and EG.

The Mann-Whitney U test, which compares
mean ranks, revealed no significant difference be-
tween the grades of the CG and EG students at the
end of the first semester (U = 5237, p = 0.439). This
finding suggests that the two groups had similar aca-
demic performance levels at the start of the study.

Tests of normality

Kolmogorov-Smirnov Shapiro-Wilk
First-semester Group Statistics df Sig. Statistics df Sig.
grade CG .283 107 .000 .805 107 .000
EG 232 104 .000 .833 104 .000

The same test was applied to assess whether
there was a significant difference between the CKT
scores of students in the CG and EG. The null hy-
pothesis was formulated as: Ho: There is no signif-
icant difference between the conceptual test scores
of the 8" grade students from CG and EG.

The results indicated no significant differ-
ence between the two groups (U =4290.5,
p = 0.409), suggesting that the activities imple-
mented in the EG intervention may not have had
a substantial impact on improving students'
knowledge compared to the CG. One possible
explanation for this outcome is that the concep-
tual questions on the test were challenging, par-
ticularly for students who struggled with higher-
order thinking tasks.

Another contributing factor to the lack of a sta-
tistically significant difference between the CKT re-
sults of students from the CG and EG could be the
timing of the test. Specifically, the knowledge test
was conducted on June 10, the penultimate teaching
day of the extended 2023/2024 school year. This ac-
ademic year had been extended by seven days due to
the spring break, leading to situations where some

students had already left for vacation or were absent.
Additionally, the end of the school year is often a
period when students face increased school-related
activities, which may lead to diminished attention to
new and intervention-related content.

It is also important to note that the topic "In-
troduction to Organic Chemistry," which formed
the basis of this research, is the final topic in the
curriculum for 8" grade and must be delivered dur-
ing this specific time of the school year. However,
if this topic had been addressed earlier in the
school year, when teaching conditions were more
favorable and students had higher attendance and
motivation, it is expected that the test results would
have been different. This observation suggests that
the effectiveness of interventions like this one de-
pends not only on the nature of the activities them-
selves but also on the timing of their implementa-
tion, underscoring the importance of considering
these factors in future research.

To further explore this, additional analysis
was conducted to assess students' interest and en-
gagement with the activities, as well as to gather
their feedback and opinions on the intervention.
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To answer the second research question,
"How do students perceive the GSC activities?", an
APQ was administered to EG students after the
implemented activities. The questionnaire was ad-
ministered to students electronically and completed
anonymously, with 82 students responding.

To assess internal consistency, the data were
analyzed by calculating the mean, standard devia-
tion, and Cronbach's alpha reliability coefficient®

Table 4

for all scales (Table 4). The scoring process for the
APQ instrument involved specific steps. First, re-
versed scores were computed for items marked with
(R) by subtracting the item response value from 8
and using the result as the item score. Subsequently,
subscale scores were determined by averaging the
values of all items within each subscale. These sub-
scales scores were then utilized for further analyses.

Means, standard deviations, and Cronbach's alpha reliability coefficients for APQ instrument

Subscale No. of items M SD Cronbach’s alpha
Interest/Enjoyment 5 5.222 1.649 .873
Perceived Competence 4 5.495 1.453 727
Effort/Importance 4 5.518 1.724 757
Pressure/Tension 4 2.619 1.800 .626
Value/Usefulness 6 5.262 1.460 .850
Total 23 4.879 1.918 .875

Table 4 presents the means, standard devia-
tions, and Cronbach's alpha reliability coefficients
for the five subscales of the APQ questionnaire.
Cronbach's alpha evaluates internal consistency by
considering the scores of all items within each sub-
scale. The coefficients indicated acceptable inter-
nal consistency across all five subscales, ranging
from 0.626 to 0.873. For the entire APQ instru-
ment, the Cronbach's alpha reliability coefficient
was 0.875, which is considered as highly relia-
ble.?®3 This result aligns with findings reported in
the literature.>%32

The APQ data revealed that the mean scores
for all subscales, except the fourth, were relatively
high (ranging from 5.222 to 5.518), indicating that
most 8" grade students found the GSC activities en-
joyable, engaging, and attention-grabbing (Interest/
Enjoyment subscale). Students expressed satisfaction
with their performance and felt competent after com-
pleting the tasks (Perceived Competence subscale).

Additionally, the majority of students re-
garded these activities as important for their pro-
gress and success and demonstrated significant
effort to perform well (Effort/Importance sub-
scale). The results suggest that the activities were
manageable, and students were able to engage with
them effectively.

Furthermore, students recognized the value
of these activities in enhancing their understanding
of sustainability and green chemistry and showed a
willingness to participate in similar tasks, high-
lighting their positive influence on awareness and
attitudes toward sustainability (Value/Usefulness
subscale).
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Lastly, the mean score for the Pressure/Ten-
sion subscale was 2.619, indicating that students felt
relaxed and not nervous during the activities.

Overall, the activities appeared to enhance
students' engagement and motivation for learning
new content while fostering collaboration. The na-
ture of GSC activities, which emphasize teamwork,
communication, cooperation, and problem-solving,
significantly contributes to these outcomes. Be-
yond enhancing student engagement and motiva-
tion, these activities also impact both the cognitive
and affective domains of learning.

3.2. Qualitative data analysis

The qualitative analysis involved data col-
lected through focus groups and individual inter-
views with students. Focus groups were conducted
prior to the intervention to evaluate students' prior
knowledge of the topic. Four groups were orga-
nized, each comprising six students with varying
levels of achievement. The analysis highlighted
several key findings and trends.

All students reported limited familiarity with
the concepts of green chemistry and sustainable de-
velopment, reflecting a lower level of awareness of
these critical topics. Initially, students were asked
about their views on environmental protection. Their
responses included recycling plastic, paper, and bat-
teries, as well as participating in eco-activities orga-
nized by their school or community, such as cleaning
public areas, planting trees, and raising environmen-
tal awareness through campaigns.
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When asked what advice they would give
friends or family to protect the environment, stu-
dents suggested minimizing car usage, recycling
waste, and riding bicycles or electric scooters more
frequently. They recognized the school's role in
teaching eco-friendly habits from an early age and
emphasized the community's role in organizing
activities to promote environmental awareness.

While students were familiar with electric cars,
they had limited knowledge of photovoltaics, bio-
diesel, and alternative energy sources. Nevertheless,
they understood that burning fossil fuels like coal, oil,
and natural gas contributes to air pollution and recog-
nized renewable energy as cleaner and more sustain-
able compared to non-renewable sources.

Despite their limited understanding of green
chemistry and sustainability concepts, students
expressed a strong interest in learning how these
ideas could be applied to their daily lives and how
they could contribute to environmental protection.
This curiosity highlights the potential for develop-
ing educational programs to motivate students and
foster their engagement with sustainability-related
activities.

Given students' enthusiasm for these topics,
integrating green chemistry and sustainable devel-
opment into regular curricula could significantly
raise awareness and help educate future genera-
tions on the importance of environmental protec-
tion and sustainable practices.

In the analysis of the individual interviews,
particular attention was given to questions directly
related to the activities conducted as part of the inter-
vention. This approach aimed to provide a detailed
understanding of students' experiences, perceptions,
and attitudes toward the GSC activities. By concen-
trating on these specific aspects, the analysis aimed to
provide deeper insights into the effectiveness and
impact of the activities on students' engagement, mo-
tivation, and understanding of the concepts.

Specifically, the analysis for this study fo-
cused on students' responses to three specific ques-
tions from the interview guide: 1) What is your
opinion about the green chemistry and sustainabil-
ity activity we conducted? 2) What did you find
most interesting or memorable about the activity?
and 3) What do you think is the best way to learn
about these topics: traditional lectures, research,
games, or something else? Why?

Most students rated the GSC activity as
meaningful and useful, emphasizing different as-
pects of its importance. Some, such as HTK-U1-5
and LT-U1-3, highlighted their educational value,
noting that it introduced them to new concepts that
could be beneficial in the future. Additionally,
some students viewed the activity as practical, en-

riching their understanding of the environmental
aspects of chemistry. LT-U1-5 and LT-U2-5 fur-
ther highlighted its role in raising environmental
awareness, describing it as a stimulus for reflection
and action regarding the responsible use of natural
resources and chemicals.

Several students praised the interactive and en-
joyable nature of the activity. For instance, HTK-U2-
1 and LT-U2-3 mentioned that they not only learned
new things during the activity but also enjoyed the
process, making it both engaging and effective for
learning. Additionally, some students highlighted the
potential societal benefits of such activities. LT-U1-1
suggested that greater awareness of green chemistry
could significantly improve living conditions for both
humans and animals.

However, not all students provided detailed
responses. For example, HTK-U2-3 briefly stated
that the topic was "good for discussion”, which
may indicate moderate interest or perhaps insuffi-
cient motivation for deeper reflection.

Overall, the activity received positive feed-
back, particularly for its educational and environ-
mental relevance, interactive approach, and ability
to foster broader awareness of sustainability. These
responses demonstrate the activity's success in
connecting teaching content with practical and so-
cially significant issues.

When asked about the most interesting or im-
pressive aspects of the activity, students highlighted
a variety of elements, reflecting their diverse inter-
ests and perceptions. Some, like LT-U1-5 and HTK-
U1-3, valued the teamwork aspect, emphasizing the
significance of collaboration and group work. Oth-
ers focused on the content and discussions related to
green chemistry. For example, HTK-U2-1 and
HTK-U1-1 appreciated the opportunity to think crit-
ically and discuss the importance of green chemis-
try, while HTK-U2-3 and LT-U2-5 found discus-
sions about a clean environment and project presen-
tations particularly impactful.

Students also underscored the importance of
content related to environmental protection. LT-
U1-5 identified understanding ways to reduce pol-
lution and use eco-friendly products as the most
valuable aspect, while LT-U1-3 emphasized grasp-
ing the rationale behind green chemistry.

Interest in the presented projects also
emerged as a recurring theme. LT-U1-1 said, "The
most interesting part of this activity was seeing my
classmates' projects and learning useful information
about their research topics", while LT-U3-5 high-
lighted project presentations as the most memorable
moment. LT-U3-3 noted, "The most interesting part
for me was gaining new knowledge through group
work and presentations, and the most impressive
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part was participating in the activity", underlining
the importance of active involvement.

However, a few students provided vague or
shorter responses. For instance, HTK-U2-3 re-
marked, "I don't know", indicating a lack of interest
or impression of a specific aspect of the activity.

Overall, students perceived the activity as
dynamic and inspiring. Their impressions ranged
from valuing collaboration and interactivity to ap-
preciating discussions, research, and presentations,
highlighting the activity's significance for both
their personal and educational development.

Regarding the best way to learn about these
topics, most students agreed that research and
games are the most effective ways to learn about
green chemistry and sustainability, as these meth-
ods foster interactivity, engagement, and active
involvement. As HTK-U1-3 explained, "I think
research is the best way to learn new things. People
pay more attention to practical examples than ver-
bal ones. If something is discussed and demon-
strated live through research or experiments, it
leaves a greater impression.” This view was echoed
by LT-U1-5, who suggested that group research
would make learning more interesting. Similarly,
HTK-U2-1 and LT-U2-3 emphasized that combin-
ing research, games, and experiments makes learn-
ing more exciting and easier to understand.

Several students highlighted the value of
learning through games, noting that they combine
fun with learning, making information more acces-
sible. HTK-U2-3 commented, "Learning through
games would be more interesting,"” while LT-U2-5
added, "Games enable learning while also being
fun, which makes understanding easier." Similar
thoughts were expressed by LT-U3-1, who found
game-based learning most effective, and HTK-U2-
5, who advocated for a combination of research,
games, and experiments.

Other students also emphasized the role of
experiments in interactive learning. LT-U3-3 stat-
ed, "The best way is through research and experi-
ments". Such responses indicate that hands-on ac-
tivities and direct participation leave a lasting im-
pression and produce the best results.

Some students suggested traditional lectures
but with adaptations. LT-U3-5 remarked, "The best
way, in my opinion, is classical teaching, but in
nature", illustrating that conventional methods can
be effective when combined with innovative ap-
proaches or outdoor activities.

Overall, the majority of students agreed that
research, games, and experiments are the most ef-
fective ways to learn these topics. These methods
encourage activity, engagement, and a connection
between theoretical knowledge and practical appli-
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cations. The consistency in students' responses
highlights the potential of such interactive ap-
proaches for improving engagement and under-
standing in the classroom.

4. CONCLUSION

The findings from this study demonstrate the
potential of GSC activities to enrich students' un-
derstanding of environmental and sustainability
concepts while fostering greater engagement and
collaboration. The intervention successfully high-
lighted the importance of integrating GSC into the
curriculum, as students reported the activities to be
meaningful, enjoyable, and impactful in terms of
both knowledge acquisition and motivation. Quali-
tative insights from focus groups and interviews
further emphasized the value students placed on
teamwork, interactive learning, and the practical
application of green chemistry principles.

Students overwhelmingly favored research,
games, and experiments as the most effective
methods for learning about GSC topics, highlight-
ing their preference for active and engaging educa-
tional approaches. This preference underscores the
importance of incorporating hands-on and inquiry-
based methods into chemistry education to enhance
understanding and interest. Additionally, students
expressed a desire for a stronger connection be-
tween the content and real-world applications,
suggesting that such approaches could foster a
more profound commitment to sustainability and
environmental protection.

Overall, this research provides strong evi-
dence for the integration of GSC concepts into ed-
ucational curricula. This integration not only en-
hances academic outcomes but also promotes envi-
ronmental awareness and sustainable practices
among future generations. These findings offer a
foundation for developing more effective teaching
methods and policies aimed at equipping students
with the knowledge and skills necessary to address
global environmental challenges.
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