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This study explores high school chemistry teachers’ perceptions of
culturally responsive teaching (CRT) in stoichiometry learning with an
orientation toward green chemistry principles. CRT provides a
framework for integrating local culture, while green chemistry oriented
highlights sustainability in learning abstract topics such as
stoichiometry. This qualitative descriptive study involved nine
Indonesian chemistry teachers selected purposively from active high
school chemistry teachers familiar with stoichiometry and green
chemistry. Although the sample size was limited, it provided data
saturation and in-depth insights from teachers’ experiences. Data were
collected through an open-ended questionnaire covering seven aspects,
including teachers’ understanding of CRT, integration of local culture
and green chemistry orientation in stoichiometry teaching, and
perceived needs. Thematic analysis identified six themes related to
teaching barriers, instructional practices, teachers’ CRT understanding,
cultural integration, green chemistry orientation, and professional
development needs. While teachers expressed strong support for CRT
with a green chemistry orientation, implementation remains limited by
structural and pedagogical constraints. The study underscores the
importance of targeted support to empower teachers in fostering
culturally responsive and sustainability-oriented chemistry learning,
while acknowledging limitations related to the Indonesian context and
the potential for social desirability bias in self-reported data.
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1. INTRODUCTION

In the 21st century, chemistry education plays a vital role in preparing students to address global
challenges such as sustainability, environmental degradation, and cultural diversity [1]-[3]. It is no longer
sufficient for chemistry instruction to focus solely on conceptual mastery, it must also cultivate scientific
literacy [4], environmental awareness [5], and cultural competence [6] as integral outcomes of meaningful
science learning. Chemistry as a discipline is deeply embedded in human life and culture, with traditional
practices such as natural dyeing, fermentation, herbal medicine, and food preservation reflecting chemical
principles that have been transmitted across generations [7][8]. Recognizing these cultural dimensions within
chemistry learning allows students to connect science with their lived experiences [9], fostering engagement
[10], relevance [11], and identity affirmation [12][13].

Despite its foundational importance, stoichiometry remains one of the most difficult topics for students
to understand [14][15]. Its abstract and quantitative nature often leads to rote memorization and fragmented
understanding, hindering students’ ability to apply chemical knowledge to real-world contexts [16]-[18].
Scholars have emphasized that meaningful learning in stoichiometry requires connecting symbolic
representations with concrete, contextual experiences [19]. Pedagogical approaches that bridge students’
cultural backgrounds and real-life environmental issues thus offer strong potential to enhance comprehension
and engagement [20].

One promising framework in this regard is Culturally Responsive Teaching (CRT), which emphasizes the
integration of students’ cultural identities, values, and experiences into classroom learning [12],[21][22]. CRT
encourages teachers to view diversity as a pedagogical asset [23], fostering inclusivity [24], and relevance in
science education [25]. In chemistry classrooms, culturally responsive practices can make abstract concepts
more tangible through examples drawn from students’ cultural contexts, such as traditional fermentation [26]
or the use of plant-based natural dyes [27]. However, research suggests that teachers often struggle to apply
CRT effectively due to limited conceptual understanding, insufficient training, and misconceptions that CRT
is primarily applicable to the humanities rather than the sciences [28].

Parallel to CRT, the principles of green chemistry promote the design of chemical processes and products
that minimize environmental harm and resource waste [29]. Integrating green chemistry into education can
strengthen students’ environmental awareness [30], critical thinking [31], and sense of social responsibility
[32]. Although culturally responsive teaching and green chemistry are conceptually distinct, they share a
common goal of promoting relevance, responsibility, and meaningful connections between science and society
[81,[33][34]. In this study, green chemistry serves as an orientation, providing an environmental and
sustainability lens through which culturally responsive approaches are contextualized. For example, teaching
stoichiometry through the local practice of batik-making using plant-based dyes not only demonstrates
chemical reaction efficiency and waste reduction but also reinforces appreciation for cultural heritage [35][36].
This dual orientation supports the development of learners who are scientifically literate, culturally aware, and
environmentally responsible.

In this context, chemical literacy refers to the ability to understand core chemical concepts, interpret
chemical phenomena, and apply chemical knowledge to make informed, responsible decisions in personal,
societal, and environmental contexts [37]. It encompasses not only cognitive understanding but also the ethical
[38], cultural [39], and environmental dimensions of chemistry learning [31]. Meanwhile, teachers’
perspectives encompass their knowledge, attitudes, beliefs, and practices related to CRT-oriented green
chemistry instruction, which fundamentally shape whether and how such approaches are implemented in
classrooms [40][41].

Existing literature indicates that although teachers recognize the importance of culturally relevant
pedagogy [42]. Its application in chemistry, particularly in abstract topics such as stoichiometry, remains
limited and lacks systematic implementation. In multicultural settings like Indonesia, teachers tend to include
local examples intuitively rather than systematically within a CRT framework [43][44]. Moreover, the
intersection between CRT and environmental sustainability is rarely addressed in science teaching. Preliminary
research conducted by the authors confirmed these tendencies, revealing that chemistry teachers expressed
strong support for integrating cultural and environmental contexts into learning, yet demonstrated limited
understanding of culturally responsive teaching principles and their connection to green chemistry [24]. Many
teachers perceived CRT as an optional enrichment activity rather than a foundational approach to promoting
meaningful, responsible learning [45][46].

These findings reveal a significant research gap. While prior studies have explored either culturally
responsive science teaching or green chemistry education independently, few have examined how teachers
conceptualize the intersection of these orientations in chemistry instruction [46]. Furthermore, most existing
studies emphasize student outcomes rather than teachers’ pedagogical understanding. Investigating teachers’
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perspectives is thus crucial for identifying conceptual barriers, professional development needs, and
opportunities to embed culturally and environmentally responsive approaches into chemistry teaching.

Accordingly, this study aims to explore high school chemistry teachers’ perspectives on implementing
Culturally Responsive Teaching in stoichiometry learning oriented toward green chemistry. The term
“oriented” indicates that green chemistry serves as an environmental and sustainability lens rather than a
separate pedagogical framework. Specifically, the study addresses the following research questions:

1. How do high school chemistry teachers understand the principles of CRT-oriented green chemistry in the
context of stoichiometry learning?

2. How do teachers perceive the role of green chemistry in supporting culturally responsive and
sustainability-oriented instruction?

3. What challenges and needs do teachers identify in implementing CRT-oriented green chemistry in their
classrooms?

The research contribution of this study lies in providing empirical insights into teachers’ conceptual
understandings, attitudes, and needs regarding the implementation of CRT-oriented green chemistry. By
articulating these perspectives, the study contributes to the development of professional learning programs,
curriculum innovations, and policy frameworks that promote chemistry teaching aligned with cultural
relevance and environmental sustainability. This research thereby advances efforts to cultivate chemistry
education that is contextually grounded, pedagogically inclusive, and environmentally responsible.

2. METHODS
2.1. Research Design

This study employed a qualitative descriptive research type to explore high school chemistry teachers’
perceptions of Culturally Responsive Teaching (CRT) oriented green chemistry in stoichiometry learning. This
research type was chosen to capture nuanced insights and provide a rich understanding of teachers’ experiences
and viewpoints in a natural educational setting.

2.2. Participants and Sampling

The participants comprised nine high school chemistry teachers from different regions in Indonesia. A
purposive sampling technique was used to select participants based on two main criteria: (1) actively teaching
chemistry at the high school level, and (2) having experience or familiarity with stoichiometry and green
chemistry concepts. This sampling strategy ensured that participants were able to provide contextually relevant
perspectives aligned with the study’s focus. Although the sample size was relatively small, it was considered
adequate for achieving data saturation, as recurring ideas and perspectives began to emerge after analysing the
responses from the ninth participant. The small but focused sample allowed for in-depth qualitative insights,
consistent with the nature of descriptive research. Moreover, two participants with a strong understanding of
CRT were invited for brief follow-up interviews via online meetings to clarify and enrich the questionnaire
data. This triangulation enhanced the depth and credibility of the findings.

2.3. Data Collection Instruments

Data were collected using an open-ended questionnaire distributed electronically to accommodate
participants from various geographic regions. The questionnaire contained seven main aspects designed to
comprehensively explore teachers’ perspectives:
Respondents’ profile
Barriers in teaching stoichiometry
Instructional models and approaches used
Teachers’ understanding of CRT
Integration of local culture in stoichiometry instruction
Implementation of stoichiometry learning with a green chemistry orientation
Teachers’ needs for CRT in stoichiometry learning
Each aspect included several open-ended questions to elicit reflective and detailed responses. For
example, under the integration of local culture aspect, teachers were asked, “How important do you think it is
to integrate students’ cultural backgrounds into chemistry instruction, especially when teaching
stoichiometry?”. The instrument was reviewed by two experts in chemistry education to ensure content validity
and clarity before distribution.

@ rhoe ao o
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2.4. Data Collection Procedure

The data collection process took place over four weeks. After obtaining informed consent, participants
completed the questionnaire independently. Follow-up interviews were conducted online with two teachers to
gain deeper insights and verify interpretations. A flowchart summarizing the research procedure is presented
in Figure 1, illustrating the sequential process from participant recruitment to thematic interpretation.

Data collection
(questionnaire + Data familiarization
follow-up interview)

Interpretation and Review and
reporting refinement

Theme generation

Figure 1. Flowchart of the Research Process

2.5. Data Analysis

Data analysis followed Braun and Clarke’s [47] six-phase framework for thematic analysis: (1)
familiarization with the data, (2) generating initial codes, (3) searching for themes, (4) reviewing themes, (5)
defining and naming themes, and (6) producing the report. All questionnaire responses and interview
transcripts were read repeatedly to identify patterns and recurring ideas. Open coding was first applied
manually to capture meaningful units of information. These codes were then clustered into subcategories and
broader themes. The seven questionnaire aspects served as the analytical foundation, from which four
overarching themes emerged through synthesis and pattern recognition. To ensure analytical rigor, all codes
were cross-checked by two researchers independently. Differences were discussed until agreement was
reached, ensuring consistency and credibility in theme development.

2.6. Trustworthiness and Ethical Considerations

Several strategies were implemented to ensure the trustworthiness of the findings. Credibility was
maintained through data triangulation (questionnaire and interview), peer debriefing among the research team,
and expert validation of the instrument. Dependability and confirmability were supported through detailed
documentation of coding decisions and an audit trail of the analytical process. Ethical considerations were
rigorously addressed by obtaining informed consent from all participants, ensuring confidentiality, and
emphasizing voluntary participation throughout the study. Participants were fully informed about the research
purpose and procedures, and their responses were treated anonymously and confidentially.

3. RESULT AND DISCUSSION

In this section, the findings of the study are presented along with an in-depth discussion that links them
to relevant theories and previous research. The discussion is structured into several sub-sections to highlight
key themes, interpret the data, and provide critical insights into teachers’ perspectives on Culturally Responsive
Teaching (CRT) in stoichiometry learning oriented to green chemistry.

3.1. Respondents’ Profile

This study involved nine high school chemistry teachers from diverse cultural backgrounds, including
Javanese (88,9%) and Malay (11,1%) ethnic groups. In terms of teaching experience, three teachers had over
10 years of experience, two had between 5 and 10 years, and four had less than five years. All participants had
implemented the a Kurikulum Merdeka, Indonesia’s national curriculum that emphasizes student-centered
learning.

3.2. Barriers to Teaching

Figure 2 presents a summary of the barriers to teaching. The majority of teachers (90%) reported facing
at least one challenge in implementing chemistry learning, while only one teacher (10%) stated that they
encountered no significant obstacles. The most frequently mentioned barrier was instructional strategies (30%),
followed by technical and facility-related challenges (20%), and student learning motivation (20%). In
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addition, uncertainty regarding learning standards (10%) and misalignment with curriculum structure (10%)
were also reported. Although the total number of participants was nine (n = 9), the percentage distribution in
Figure 2 was rounded to the nearest ten for visual clarity. Hence, the values do not directly correspond to the
fractional percentages that would otherwise appear (e.g., 11.1%, 22.2%). Moreover, each teacher could report
multiple barriers simultaneously, resulting in a cumulative percentage that exceeds 100%. This approach was
used to more clearly illustrate the relative prominence of each theme rather than to represent mutually exclusive
participant counts.

= Instructional strategies
= No significant obstacles encountered

= Student learning motivation

B>

» Technical and facility-related challenges

Uncertainty regarding learning standards

Misalignment with curriculum structure

Figure 2. Barriers to Teaching

A teacher from a remote area highlighted that the lack of infrastructure and teaching resources posed a

major challenge, while several others emphasized difficulties in adopting new pedagogical approaches such as
Differentiated Learning, Teaching at the Right Level (TaRL), Culturally Responsive Teaching (CRT), Social
Emotional Learning (SEL), and Developmentally Appropriate Practice (DAP). One teacher shared:
“The emergence of these multiple pedagogical approaches requires me not only to understand them but also to
implement them effectively in the classroom. In response to these developments, my school has organized
several In-House Trainings (IHT) involving lecturers from teacher education institutions and school
supervisors, as well as established teacher learning communities that focus on sharing best practices in
instructional implementation. However, in my view, these efforts have not been sufficient to fully equip me.
Therefore, I have taken the initiative to seek additional knowledge and understanding by attending various
seminars and online webinars, which I have then tried to apply in my chemistry teaching practices”.

This statement highlights the increasing complexity of pedagogical expectations under the Kurikulum
Merdeka, which requires both instructional adaptation and a shift in pedagogical mindset toward more student-
cantered and inclusive practices. The finding that teachers struggled to adopt innovative pedagogical
approaches aligns with prior research on curriculum reform in Indonesia and other developing contexts [48]
[49]. These studies similarly report that limited professional development, insufficient infrastructure, and time
constraints often hinder teachers from effectively implementing new instructional models. For example, [50]
observed that teachers’ reliance on traditional methods can impede the transition toward more student-centered
practices, while [51] and [52] emphasized that ongoing collaboration with teacher education institutions is
critical for building sustainable pedagogical change.

These findings suggest that curriculum innovation must be accompanied by continuous, practical, and
contextually relevant professional learning opportunities. Teachers require not only theoretical knowledge but
also hands-on guidance to implement pedagogical innovations that reflect students’ diverse backgrounds and
learning needs. The teacher’s proactive efforts to seek external learning opportunities demonstrate professional
agency and lifelong learning, essential qualities for navigating dynamic educational reforms. However, the
limited depth and sustainability of institutional training such as IHT and learning communities indicate that
these initiatives often remain surface-level and lack follow-up support. Additionally, 20% of teachers reported
low student motivation as a major challenge, which aligns with [53], who noted that the lack of contextual
relevance in chemistry instruction often reduces students’ engagement. This finding reinforces the need for
context-based and culturally responsive approaches to connect chemistry concepts with students’ everyday
experiences.

This section benefits from a mixed-methods approach, combining quantitative summaries with qualitative
teacher reflections to enrich the interpretation of findings. The inclusion of teachers from diverse school
settings provided valuable insight into the contextual barriers faced under the Kurikulum Merdeka. However,
given the small sample size and the non-exclusive categorization of responses, the percentages should be
interpreted as indicative rather than absolute. Future studies with larger samples and direct classroom
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observations could provide a more comprehensive understanding of the systemic and contextual factors that
influence teachers’ ability to implement curriculum reform.

3.3. Instructional Models and Approaches

Based on the questionnaire results, discovery learning emerged as the most commonly used instructional
model, frequently integrated with the scientific approach. Teachers perceived this model as effective for
enhancing students’ engagement and conceptual understanding in chemistry. However, several teachers
reported that low student motivation remained an obstacle, suggesting that the discovery learning model may
not be equally effective in all classroom contexts. In contrast, a few teachers who had begun implementing
CRT observed that this approach fostered more interactive and meaningful learning experiences by connecting
lesson content with students’ cultural backgrounds. One teacher expressed:

“In Indonesia, with its diversity of values, beliefs, ethnicities, and cultural backgrounds, these factors
influence students’ behavior and interactions. Therefore, the CRT approach is important to integrate cultural
aspects into learning”.

This view illustrates a growing awareness among teachers of the pedagogical value of integrating cultural
dimensions into classroom practice. The finding that discovery learning is dominant aligns with prior studies
indicating that Indonesian science teachers tend to favor constructivist models consistent with the scientific
approach emphasized in the national curriculum [19],[55]. However, the limited mention of CRT suggests that
culturally oriented pedagogy remains underdeveloped in mainstream chemistry education. This contrasts with
international research showing that CRT significantly enhances student motivation, engagement, and
achievement, particularly in diverse classrooms classroom [54]. Similar trends have been observed in
multicultural science education, where connecting local culture to scientific content has been found to promote
deeper conceptual understanding [52].

The present findings imply that while discovery learning supports inquiry-based engagement, it may not
fully address the affective and sociocultural dimensions of student learning. Incorporating CRT can help bridge
this gap by linking chemistry concepts with students’ everyday experiences and cultural practices. In
Indonesia’s multicultural classrooms, this approach may strengthen students’ sense of belonging and relevance
in learning, thereby improving motivation and participation. For example, CRT-based chemistry lessons could
connect green chemistry principles with local wisdom, such as the use of natural dyes in batik production or
environmentally friendly material processing. Such connections make chemistry more tangible, meaningful,
and contextually grounded for students.

A notable strength of this finding is that it captures teachers’ emerging recognition of the importance of
culturally relevant pedagogy, which reflects a progressive shift in teaching philosophy under the Kurikulum
Merdeka. However, the limited number of teachers who have adopted CRT indicates that its implementation
is still in an exploratory stage. This limitation may stem from insufficient training or lack of instructional
models that explicitly integrate CRT principles within the chemistry curriculum. Future studies should further
explore how CRT can be systematically combined with inquiry-based models such as discovery or problem-
based learning to enhance both cognitive and cultural dimensions of chemistry education.

3.4. Teachers’ Understanding of CRT

The results revealed that only two out of nine teachers demonstrated a clear understanding of CRT, both
of whom had less than five years of teaching experience. Meanwhile, four teachers had never heard of CRT,
two were only vaguely familiar with it, and one held a misconception about its meaning. These findings indicate
a limited awareness and conceptual clarity of CRT among Indonesian chemistry teachers, despite increasing
emphasis on inclusive and student-centered pedagogies in recent years. One teacher described CRT as follows:

“Yes, I have heard of Culturally Responsive Teaching (CRT), which is an approach to education that
recognizes and values the cultural diversity of students. This concept focuses on implementing teaching
strategies that are sensitive to students' cultural backgrounds and how these backgrounds can influence the way
they learn and interact in the classroom”.

Another teacher shared her practical experience:

“During the Teacher Professional Education Program, I integrated Culturally Responsive Teaching (CRT)
into my lesson by using a worksheet that featured a narrative text related to Palembang culture.”

These responses reflect varying levels of understanding and application, ranging from conceptual
awareness to partial implementation. This indicates that although some teachers attempt to integrate cultural
elements, they tend to equate CRT with the mere inclusion of local cultural content rather than recognizing it
as a comprehensive pedagogical framework for fostering culturally responsive learning. This limited awareness
of CRT among chemistry teachers is consistent with findings from previous studies indicating that science
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teachers often lack sufficient understanding of culturally responsive pedagogy, particularly in subject-specific
contexts such as chemistry [56]. Similar trends have been observed in other countries, where teachers
acknowledge the importance of cultural diversity but struggle to operationalize CRT principles in practice [57].
However, the finding that younger teachers (with less than five years of experience) demonstrated higher
familiarity with CRT aligns with research suggesting that newer teacher education curricula have begun
incorporating inclusive and culturally responsive pedagogical frameworks more explicitly [58].

The findings highlight a critical need to strengthen professional development and pre-service teacher
education related to CRT, especially within STEM and chemistry education. Misconceptions, such as equating
CRT solely with the teaching of local culture, indicate that teachers may not yet fully understand the holistic
nature of CRT, which encompasses not only the integration of cultural content but also the creation of inclusive
classroom interactions, the validation of diverse student identities, and the promotion of equitable learning
experiences [59]. Moreover, several teachers appeared to apply CRT principles unconsciously, for instance by
using Bahasa Indonesia to ensure inclusivity in linguistically diverse classrooms:

“I’ve never explicitly implemented CRT, but maybe I’ve applied it without realizing it. Since my students
come from different ethnic groups, I use Bahasa Indonesia so as not to favor the dominant group in class.”

This statement suggests that elements of CRT naturally emerge in teachers’ daily practices, even without
formal awareness. Therefore, targeted professional training is essential to transform these implicit practices
into intentional, reflective, and systematic CRT implementation. This is especially important for teaching
abstract and culturally neutral topics such as stoichiometry, where contextual and cultural connections can
make learning more meaningful.

A key strength of this finding lies in its ability to uncover the implicit awareness and emerging practices
of CRT among teachers, indicating a foundation upon which future training can build. However, the small
sample size (n = 9) limits the generalizability of the results, and self-reported data may not fully capture
teachers’ actual classroom behaviors. Future research involving classroom observations or lesson analyses
would provide richer insights into how teachers interpret and enact CRT in practice. Despite these limitations,
this study provides valuable evidence that Indonesian chemistry teachers, particularly early-career educators,
have begun to engage with culturally responsive principles, representing an important step toward more
inclusive and equitable chemistry education.

3.5. Integrating Local Culture in Stoichiometry Instruction

The analysis revealed that chemistry teachers held varied perspectives regarding the integration of
students’ cultural backgrounds into stoichiometry instruction. Four major subthemes emerged: (1) enhancing
meaningful learning, (2) cultural integration as a contextual entry point, (3) limited teacher knowledge, and (4)
cultural sensitivity in diverse classrooms.

Most teachers (44.4%) believed that connecting stoichiometry lessons with local cultural contexts
enhances students’ engagement and conceptual understanding. Examples such as using local vinegar from
pempek to discuss acidity and concentration demonstrated how cultural contexts make abstract chemical ideas
more tangible. Meanwhile, a smaller proportion (11.1%) viewed culture mainly as an introductory context to
stimulate interest before transitioning to more conventional stoichiometric problem-solving exercises. Others
(11.1%) admitted struggling to relate chemistry with culture due to limited pedagogical knowledge, and one
teacher (11.1%) highlighted the challenge of cultural diversity in classrooms where students have different
linguistic or ethnic backgrounds.

These findings resonate with previous studies that emphasize the role of culturally relevant contexts in
promoting meaningful science learning [60]. Similar to the results reported by [61], the integration of cultural
and local wisdom-based examples facilitates students’ conceptual understanding while fostering positive
attitudes toward chemistry learning. Likewise, [62] argued that CRT enhances both cognitive and affective
dimensions of learning by bridging students’ cultural experiences with academic content. However, consistent
with the findings of [63] and [64], this study also highlights that teachers often face pedagogical and
epistemological challenges in implementing such approaches in chemistry, which is perceived as abstract and
decontextualized.

The results suggest that integrating culture into stoichiometry instruction can foster more meaningful and
relevant learning, allowing students to connect chemical concepts with everyday phenomena and local
practices. Cultural contexts can serve as powerful entry points for inquiry and discussion, yet procedural
fluency still requires structured practice with symbolic representations and quantitative reasoning. Therefore,
teacher professional development programs should not only emphasize content mastery but also equip teachers
with practical strategies for contextual and culturally responsive chemistry teaching. This includes providing
examples of culturally relevant teaching modules, contextual problems, and assessment models aligned with
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local realities. Moreover, the issue of cultural and linguistic diversity in classrooms underscores the need for
inclusive strategies that acknowledge and value multiple cultural identities while maintaining equitable
participation for all students.

A key strength of this study lies in its in-depth exploration of teachers’ nuanced perspectives, providing
meaningful insights into how the principles of culturally responsive teaching can be operationalized within
chemistry instruction, particularly in the complex context of stoichiometry. However, the study’s small sample
size (n = 9) limits the generalizability of these findings. Future research could involve a larger and more
diverse teacher population or adopt classroom-based observations to triangulate teachers’ self-reported data
with actual instructional practices. Despite these limitations, the study contributes an important lens for
understanding the intersection between culture and chemistry education, especially in multicultural and
multilingual contexts like Indonesia.

3.6. Implementing Stoichiometry Learning with a Green Chemistry Orientation

The findings revealed limited implementation of green chemistry-oriented stoichiometry instruction
among participating teachers. Only two out of nine teachers (22.22%) reported using problem-based learning
(PBL), while two others relied primarily on traditional lecture-based approaches. Three teachers mentioned
incorporating multimedia tools such as videos and visual aids, and one implemented laboratory-based learning.
Another teacher applied differentiated instruction to accommodate students’ diverse learning needs.

In terms of explicitly integrating green chemistry principles, seven teachers admitted they had never
connected stoichiometric concepts with environmental or sustainability issues. In contrast, two teachers
demonstrated initial efforts by contextualizing stoichiometry through real-world industrial processes
emphasizing waste reduction and reactant efficiency. For example, one teacher used the context of ammonia
and biodiesel production to discuss how optimizing the molar ratio of reactants can minimize by-products and
environmental impact.

Several barriers were identified: limited instructional time (44.44%), lack of suitable references and
teaching resources (33.33%), and the perceived abstractness and difficulty of stoichiometric calculations
(33.33%). Three teachers reported no particular challenges, primarily because they had not yet attempted to
integrate GC principles into their instruction.

These findings are consistent with earlier studies indicating that chemistry teachers often struggle to
integrate sustainability and environmental contexts into core topics such as stoichiometry [65]. Similar to
research by [66], the present study confirms that teachers’ limited awareness and pedagogical resources hinder
the translation of green chemistry principles into classroom practice. Moreover, previous studies [67] have
emphasized that the successful implementation of green chemistry-oriented instruction requires not only
conceptual understanding of chemistry but also teachers’ competence in designing contextually relevant
problems and assessments.

The findings suggest that while teachers recognize the potential of contextualized learning, the actual
adoption of green chemistry principles in stoichiometry remains minimal. This gap highlights a need for
targeted professional development programs focusing on sustainable chemistry pedagogy, particularly in
integrating environmental ethics and resource efficiency into quantitative chemistry topics. The few teachers
who contextualized stoichiometry through industrial examples demonstrate the feasibility of embedding green
chemistry concepts even in traditionally abstract content. Such approaches can help students connect
theoretical calculations with real-world environmental implications, thereby promoting both chemical literacy
and environmental responsibility. Integrating green chemistry also aligns with the goals of Education for
Sustainable Development (ESD), which encourages learners to engage critically with global challenges such
as pollution and resource depletion.

However, the dominant reliance on lecture-based teaching and the perceived difficulty of stoichiometric
calculations indicate that teachers often prioritize procedural mastery over conceptual and contextual
understanding. Therefore, curriculum developers and teacher educators should collaborate to design teaching
materials, sample lesson plans, and laboratory activities that embed green chemistry contexts without
compromising core content learning.

A key strength of this study is its detailed exploration of teachers’ instructional strategies and barriers
related to green chemistry integration, providing valuable insights into how sustainability concepts are
perceived within the domain of stoichiometry teaching. However, the limited sample size (n = 9) restricts the
generalizability of findings and may not capture the full variation of practices across different school types or
regions. Additionally, data were derived primarily from self-reported questionnaire responses, which may not
fully represent actual classroom practices. Future research could employ classroom observations or lesson plan
analyses to verify how teachers operationalize green chemistry principles in practice. Despite these limitations,
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the findings highlight an important area for intervention in chemistry teacher education to promote
environmentally responsible teaching practices.

3.7. Teachers’ Needs

To examine teachers’ perspectives on the relevance and support needed for implementing CRT in
stoichiometry learning with a green chemistry orientation, two open-ended questions were analyzed regarding
the necessity of CRT and teachers’ perceived needs for implementation. Thematic analysis of responses from
nine teachers revealed two main themes: (1) perceptions of CRT relevance and (2) practical needs for
implementation.

In terms of perceptions, the majority of teachers (55.56%) strongly supported CRT, emphasizing that
integrating cultural and environmental contexts could enhance students’ chemical literacy and cultural
awareness. A smaller group (22.22%) expressed conditional or moderate support, stressing the need for clear
implementation steps, while another 22.22% showed skepticism, perceiving CRT as less relevant for
conceptually demanding topics like stoichiometry.

Regarding teachers’ needs, two primary areas emerged. First, most teachers (66.67%) requested concrete
teaching materials, such as culturally contextualized modules, worksheets, and assessment formats, to facilitate
practical classroom implementation. Second, some teachers (22.22%) emphasized the need for professional
development programs that enhance both cultural literacy and pedagogical skills. These findings indicate that
although teachers recognize CRT’s potential, effective implementation requires accessible resources and
sustained professional support.

The current findings align with previous research highlighting the importance of culturally relevant
instructional materials in supporting CRT practices. Studies such as [68] assert that without concrete teaching
resources, teachers struggle to connect abstract scientific concepts with students’ cultural experiences.
Similarly, in chemistry education, context-based learning approaches have been found to make learning more
meaningful and relatable [18]. Moreover, the teachers’ expressed need for professional development mirrors
prior findings by [69], who note that effective CRT implementation depends on teachers’ ability to integrate
cultural responsiveness with strong pedagogical content knowledge (PCK). In science education specifically,
researchers such as [70] and [71] argue that teachers often require targeted training to bridge scientific content
with local or indigenous knowledge systems.

However, the skepticism expressed by a few teachers regarding CRT’s applicability to stoichiometry
reveals a contrast with studies (e.g., [72][73]) that view socio-scientific and culturally embedded contexts as
powerful tools for teaching abstract chemistry topics. This discrepancy may reflect differences in teacher
readiness, exposure to CRT concepts, or the availability of institutional support for culturally contextualized
science education.

The findings suggest that teachers generally view CRT as a valuable pedagogical framework for making
stoichiometry learning more relevant and engaging, particularly when linked to green chemistry principles.
However, the varying levels of understanding and readiness among teachers indicate the need for systemic
support. Providing accessible and contextually grounded instructional materials such as lesson plans that
connect chemical calculations with local environmental phenomena, including waste management, traditional
fermentation, or sustainable production, could facilitate a more effective implementation of culturally
responsive teaching.

Furthermore, the teachers’ calls for professional development indicate that implementing CRT is not
merely a matter of material provision but also of capacity building. Programs should therefore focus on
cultivating teachers’ cultural competence, pedagogical creativity, and critical reflection on diversity in learning.
When teachers develop both PCK and cultural literacy, they can design chemistry lessons that are not only
scientifically rigorous but also culturally inclusive and socially meaningful.

In addition, skepticism toward CRT’s cognitive relevance underscores a common misconception that
cultural integration detracts from scientific rigor. On the contrary, research demonstrates that culturally relevant
contexts can enhance cognitive engagement by situating abstract concepts within familiar realities, thereby
deepening conceptual understanding and motivation. Addressing this misconception through training and
collaborative lesson design could help teachers see CRT as complementary, rather than supplementary, to
cognitive learning goals.

A strength of this study lies in its detailed exploration of teachers’ needs and perceptions, revealing
nuanced insights into both enthusiasm and hesitation toward applying a CRT approach oriented toward green
chemistry in chemistry education. The combination of teachers’ qualitative reflections and thematic coding
provides a grounded understanding of practical challenges faced by educators in diverse classrooms.
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However, the study’s small sample size (n = 9) limits the generalizability of findings across broader
teacher populations. Furthermore, data were self-reported and may not fully capture teachers’ actual classroom
practices or institutional barriers. Future studies could employ classroom observations, lesson plan analyses,
or intervention-based research to examine how teachers apply CRT principles in practice. Despite these
limitations, the findings highlight an urgent need for systemic teacher support through the development of
instructional materials and the provision of professional learning opportunities to advance culturally responsive
and sustainable chemistry education.

4. CONCLUSIONS

This study explored chemistry teachers’ perceptions of implementing CRT within stoichiometry
instruction oriented toward green chemistry. The findings indicate that while teachers generally value the
integration of cultural relevance and environmental sustainability in chemistry learning, practical
implementation remains limited. A notable insight is the conflation of CRT with ethnochemistry, reflecting a
conceptual misunderstanding that constrains teachers’ ability to design pedagogically sound CRT-oriented
green chemistry lessons. Teachers recognized the potential of green chemistry principles to enhance contextual
and sustainability-based learning. However, challenges such as limited time, inadequate resources, and
insufficient professional development hinder their classroom application. These barriers underscore the
importance of supporting teachers through targeted professional learning programs and the development of
culturally contextualized teaching materials. Future research should involve a larger and more diverse sample
to validate these findings and explore effective models for teacher professional development. Additionally,
experimental studies could be conducted to implement CRT-oriented green chemistry instruction and examine
its impact on students’ chemical literacy and cultural awareness. Such efforts would strengthen the empirical
foundation for integrating sustainability and cultural responsiveness in science education.
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