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Abstract: According to the United Nations Educational, Scientific, and Cultural Organization (UN-
ESCO), culture provides the transformative dimension for ensuring the development process of the
United Nations’ 2030 Agenda for Sustainable Development. As one of the key drivers in the imple-
mentation of the United Nations’ Sustainable Development Goals, culture ensures a people-centered
and context-relevant approach that cuts across a range of policy areas and, thus, in the context of
quality education promotes the development of human resources for cultural and environmental
sustainability. It is in this context that we report on a study aimed at developing students’ cultural
identity and supporting the younger generation in preserving their cultural heritage, whilst learning
chemistry concepts at the same time. The culturally responsive transformative teaching (CRTT)
model served as a theoretical framework for the research to engage students in culture-based, high
school chemistry learning by utilizing specially designed ethnochemistry texts that highlighted the
relationship between cultural values and chemistry concepts. Case studies were conducted within the
interpretive research paradigm and involved 149 students from four high schools in four Indonesian
provinces, namely Banten, west Java, Bangka Belitung, and south Sumatra. In particular, we were in-
terested in understanding how well students engage in this innovative transformative learning model,
designed to educate them about cultural sustainability. We generated data by means of students’
reflective journals, semi-structured interviews with students, and classroom observations. In general,
the results from the research strongly suggest that students involved in cultural identity reflection,
engaged in cultural-based chemistry learning, explored cultural heritage through a chemistry lens,
applied social etiquette and ethics, and developed cultural heritage preservation awareness. These
are important aspects of cultural sustainability. The results imply that culturally responsive chemistry
education has great potential for educating students and empowering them as conservationists of
Indonesian culture. Further research on empowering students on cultural sustainability with other
ethnochemistry topics within Indonesian cultural contexts is needed to further investigate the CRTT
model’s broader efficacy.

Keywords: CRTT model; chemistry learning; Indonesian culture; cultural sustainability

1. Introduction

As the home of 1340 ethnic groups, 2500 languages, and a rich cultural heritage,
Indonesia is known as a superpower in terms of culture [1]. Globalization, which has a
tendency to erode indigenous cultural values, has become a major challenge for Indonesia
in trying to preserve its rich cultural heritage. Cultural imperialism often comes with the
development of individualism in society [2], running counter to traditional local cultures.
Education must play a strategic role in anticipating and counteracting the ongoing loss of
national culture and traditions through globalization. By bringing cultural values into the
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curriculum, teachers can create a learning environment that supports students by enabling
them to have a direct learning experience on their cultural identities [3].

The implementation of culture-based learning is important for providing space for
the formation of students’ socio-emotional well-being in the form of cultural identity,
self-efficacy, and social relationships, which in turn positively impact students’ skills and
cultural awareness, literacy, and learning outcomes [4–6]. An established strategy for
integrating culture into the classroom is through the culturally responsive teaching (CRT)
model, which uses students’ cultural backgrounds, perspectives, and experiences as an
effective teaching channel [7–9]. A more recent development is the culturally responsive
transformative teaching (CRTT) model. This approach was developed by marrying the
principles of CRT with transformative learning [10]. Transformative learning activities
involve students by reflecting critically on their implicit assumptions and values, negotiat-
ing and validating their cultural beliefs and values through mutually respectful discourse,
collaborating to design social action based on the principles of cultural sustainability, and
evaluating the impact of these actions [11,12]. For this study, a CRTT model was designed
to: (1) develop students’ academic chemistry knowledge and its relationship with their local
culture, (2) enable students to learn how to respect and empathize with cultural diversity,
and (3) empower students as communicative agents for cultural sustainability [13].

Chemistry is one of the science disciplines that is often misunderstood in the public
eye. Chemistry tends to be viewed as an abstract science, since it uses three levels of
representation: macroscopic, submicroscopic, and symbolic [14]. However, it is less well
known that it is closely linked to everyday life and ‘green’ chemistry, in particular, plays
an essential role in tackling today’s global challenges by ensuring future environmen-
tal sustainability [15]. It is true that chemistry concepts can be experienced as unduly
abstract when students see chemistry as separate from their daily lives. Students often
experience difficulties with how chemistry concepts are traditionally taught, particularly
when their learning is based primarily on methods such as memorizing complex chem-
istry concepts [12,14,15]. For example, when teaching the concept of chemical reactions,
teachers usually start the lesson with a definition of the concept, followed by examples
using symbols and formulas for chemical reactions, but without providing experimental
experience. This can leave students with the impression that chemistry is unduly abstract
due to a lack of connection with their daily lives, a view that is compounded by the use
of unfamiliar scientific language [16,17]. This perspective is supported by Childs et al.,
who highlighted that many students find chemistry a boring subject and cannot apply
their chemical understanding in real-life contexts [18]. Thus, if chemistry learning is to
successfully engage students it must be supported by activities that integrate chemical
phenomena with everyday life, so that students can improve their understanding of con-
cepts and achieve the expected levels of competency [19,20]. Formal chemistry education,
through which students learn scientific concepts and language, plays an important role
in protecting and transmitting cultural heritage from one generation to another. Through
chemical understanding, students may gain a deep apprehension of the composition and
structure of inherited materials and the reactions that occur to obtain information related
to the source, purpose and period of creation, manufacturing technology, and others, to be
able to protect and preserve their cultural heritage [21]. However, establishing connections
between scientific concepts, processes, and contexts with the cultural aspects of students’
daily lives is often hampered due to teachers’ limited abilities in this area, as chemistry
education rarely considers local culture [22], which is the problem this research aimed
to address.

The CRTT learning model, which served as the theoretical framework underpinning
this study, was designed to enable students to explore various cultures across Indonesia, a
multicultural country with greatly diverse ethnic and cultural characteristics [23], through
five stages of learning: self-identification, cultural understanding, collaboration, critical
reflective thinking, and transformative construction [24]. These five stages were intended
to provide students with opportunities to develop self-understanding in relation to their
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character and cultural identities. Local traditions, such as typical foods, visual art, and
social and ritualistic practices, known to students from their home life, impact strongly
on the cultural identities associated with students’ daily lives. Learning chemistry by
connecting local culture, science, traditional practices, and scientific knowledge has been
developed in a range of countries, including Brazil, Canada and Tanzania, and has been
shown to have a positive impact on students’ learning experiences [25–27]. Therefore,
this study was designed to build students’ awareness of cultural identity by integrating
local cultures with chemistry learning, with the aim of developing students as agents of
cultural sustainability.

2. Transformative Learning for Cultural Sustainability
2.1. Cultural Sustainability

Culture is central to sustainability awareness in indigenous communities, as it consti-
tutes and permeates all aspects of life [28]. However, culture is often reduced to a unified
or essentialized abstraction that seeks to explain the concept through a finite approach that
yields a less diverse and complex conception of culture [29]. On the other hand, UNESCO
defines culture as not limited to arts and literature, but as comprising a way of life, funda-
mental human rights, value systems, traditions and beliefs [30]. Principles of sustainability
are central to the world’s indigenous cultures and should not be ignored when considering
the fascinating trajectory that indigenous peoples have followed over the centuries [28,31].

The links between sustainability and culture have been widely discussed in the last
decade. The goals for sustainable development have been well-defined by the United
Nations and culture has become a focus of debate that has received special attention as a
core aspect of sustainability [32,33]. Soini and Birkeland have defined cultural sustainability
as a broad understanding that places culture as a condition and premise for actualization
in action, meaning and communication [34]. Culture in this context refers to the nature
of human social groups, symbolic patterns, norms and customs, as well as rules that
specifically apply to human communities [35]. Culture is a distinguishing characteristic
of one group of humans from other groups [36]. For UNESCO, culture is one of four core
dimensions of sustainability: ecological, economic, social, and cultural.

Cultural sustainability refers to the ability to maintain cultural identity and enable
change in harmony with cultural values [37]. It emphasizes a sense of progressive under-
standing of culture and recognizing the needs of a society. Acton et al. describe cultural
sustainability as enabling access to cultural resources between and within generations [29].
The theoretical background to cultural sustainability begins with close parallels between
natural and cultural capital. Natural capital includes natural resources, ecosystems, and
biodiversity, whereas cultural capital includes cultural property (tangible and intangi-
ble), cultural networks and support systems, and cultural diversity [28]. The tangible
part includes architecture, sculpture, painting, archaeology, and man-made landscape
monuments, while the intangible part includes practices, designs, illustrations, attitudes,
knowledge, and skills [30,32]. Cultural sustainability corresponds to a comprehensive
definition of sustainable development that meets immediate needs without compromising
those of future generations, including promoting engagement and the preservation of
cultural heritage [38].

According to Soini and Birkeland, there are three essential roles culture plays within
sustainable development, known as representations: culture in sustainability, culture for
sustainability, and culture as sustainability [34]. The first representation, culture in sustain-
ability, aims to place culture as an equal condition with other pillars of research and policies
related to sustainability. Culture in sustainability emphasizes that the independent role
of culture can be interpreted as a necessary means for the transformation of society. With
a view to development, culture in sustainability mandates maintaining and preserving
culture as capital in its various forms, including art and knowledge, which are important to
be passed on to the next generations. The second representation, culture for sustainability,
interprets culture as a mediator to achieve economic, social, and ecological sustainability.
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Culture for sustainability aims to deepen the understanding of nature as a form of human
capital towards cultural constituents that lead the transformation of society to more sus-
tainable conditions. This elaboration reflects that the first and second representations focus
on culture as a result, or part of, a sustainable development process with a specific purpose.
Furthermore, the third representation, cultural as sustainability, places more emphasis on
the processes that are continuously evolving with the goal of transformation [39].

2.2. Chemistry Education and Its Role in Cultural Sustainability

Education is a strategic sector for promoting sustainability, including cultural sus-
tainability. Thus, for a curriculum to accommodate cultural sustainability, the learning
process needs to consider various aspects, such as community diversification and cultural
identity [40]. Chemistry, as a discipline rooted in science, has broad applications and
cultural implications. Everyone can find chemistry in everyday life, especially in the food
we consume, the air we breathe, the emotions we feel, etc. From this perspective, the
human body is a giant collection of chemical compounds that bind together [41]. It stands
to reason, therefore, that the teaching of chemistry must be linked to everyday experiences.
Adopting a constructivist perspective, this can be conducted by tapping into students’
prior knowledge [42,43]. According to Dalgety et al., chemistry is not just a collection of
knowledge but also a type of culture, with its own patterns of learning on thinking and
acting that are transmitted through theory, skills, and values [44]. Treagust et al. suggested
that chemistry learning be adapted to students’ characteristics and that learning methods
enable students to master chemistry concepts thoroughly, not only by memorization but
also through analyzing and linking concepts [45]. Therefore, chemistry learning should
consider various student characteristics, such as achievement levels, gender, and students’
sociocultural backgrounds [24,46]. This requires teachers to understand students’ cultural
backgrounds in order to be able to involve them in learning experiences that can form
students’ appreciation of their cultures [13,47].

2.3. Culturally Responsive Teaching (CRT) Model

CRT is a learning approach that engages students’ cultural needs and experiences,
especially when there are diverse cultures and ethnicities in the same classroom [10,48].
The concept stems from the need for students to receive specially designed materials
that enrich their learning in order to prepare them as functional participants in a diverse
society [49]. Student participation in social life, be it in the classroom or outside the
classroom, must be built on a foundation of meaningful and positive relationships between
the two contexts [50]. Gay asserts that CRT is a very different pedagogical paradigm with
five key principles: (1) recognizing the existence of cultural heritage from various ethnic
groups, both as something that can influence student attitudes, approaches to learning,
and content to be taught according to the formal curriculum; (2) building meaningful
relationships between the experiences students encounter at home and academic teaching
at school; (3) using a range of learning strategies that are connected to a variety of ethnic
and cultural diversity; (4) teaching students to know and love their cultural heritage and
respect the culture of others; and (5) combining multicultural information, resources, and
skills routinely taught in schools [49].

According to Hernandez et al., the CRT pedagogical model has five primary foci:
(1) content integration, that is, merging scientific chemical content with content drawn from
many cultures, thereby fostering positive teacher–student relationships and maintaining
high expectations for all students; (2) facilitating knowledge construction, which refers to
the teacher’s ability to construct what students know to help them learn and think critically,
independently, and openly in understanding the information obtained; (3) prejudice reduc-
tion, which refers to the teacher’s ability to use a contextual approach to build a positive
environment and a safe classroom regardless of students’ race or ethnicity, social class, and
language; (4) social justice, which relates to the teacher’s willingness to act by encouraging
students to ask questions and dare to show their cultural background; and (5) academic
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development, which refers to the teacher’s ability to create opportunities in the classroom
that assist all students in achieving academic success and to use teaching strategies that
encompass students’ diverse cultural backgrounds and learning styles [9] pp. 809–810.

In addition to addressing diversity in the curriculum, culturally responsive learning is
important for promoting solidarity as part of increasing students’ social competence [51].
Placing students in cultural diversity-based cooperative learning encourages the creation
of an inclusive social–emotional climate. It helps them hone their ability to express opin-
ions [52] and facilitates social interaction [53] through the exchange of cultural information,
respecting diversity, and constructing shared thinking for creative problem solving [54].
Previous studies on the CRT model in chemistry learning have empowered students to
learn chemistry [19]. CRT involves students learning chemistry, developing their cultural
identity, and various skills, including working together, responsibility, curiosity, social
awareness, creativity, empathetic communication, and self-confidence, categorized into
collaboration skills, students’ engagement, social and cultural awareness, and higher order
thinking skills.

2.4. Culturally Responsive Transformative Teaching (CRTT) Model

In this study, the principles of transformative learning and CRT were combined to
design a culturally responsive transformative teaching (CRTT) model [10]. Transformative
learning capabilities enable students to more fully participate in democratic processes, as
creative and communicative actors [11]. Transformative learning aims not only to develop
students’ critical reflection skills, from a cognitive, emotional, and spiritual perspective,
but also aims to connect them to the social and environmental frameworks in which stu-
dents shape themselves as human beings [55,56]. Fundamentally, transformative learning
involves students by: (1) making visible and reflecting critically on their implicit cultural
beliefs and values, (2) validating their cultural beliefs and values in mutually respectful
discourse with fellow students, and (3) collaborating to design social action based on
principles of social justice, especially principles of cultural sustainability [12].

The CRTT model in this study consisted of five phases: self-identification, cultural
understanding, collaboration, critical reflection, and transformative construction [13]. This
model aimed to engage students in exploring their cultural identities through critical
self-reflection and constructing their chemistry knowledge by interacting with specially
designed learning materials in the form of ethnochemistry texts associated with students’
cultural backgrounds, daily lives, and the curricula. After reflecting on their cultural identi-
ties and connecting their chemistry learning with cultural knowledge, the students engaged
in active discussions within groups to enhance their collaboration and communication
skills. Next, students engaged in debate to explore differing perspectives and reflect on
their values and understanding via critical reflective thinking.

These CRTT learning activities were designed to enable students to transform their
values and understanding by reflecting on the key question, “How have your values and
perspectives changed as a result of your learning experience?” This question relates to five types
of engagement in transformative learning [57]: cultural-self knowing (self-realisation),
relational knowing (open to difference), critical knowing (sociopolitical awareness), vision-
ary and ethical knowing (over the horizon thinking), and knowing in action (making a
difference). By developing these transformative capabilities, students will better under-
stand themselves and develop an enhanced cultural awareness of respect for the culturally
different other. A recent closely related study by Rahmawati et al. reported that this CRTT
model successfully empowered students’ cultural identities and fostered their awareness
of cultural diversity [13].

3. Methodology
3.1. Research Design

This study aimed to answer the research question: what is the potential for implement-
ing the culturally responsive transformative teaching (CRTT) model to engage secondary



Sustainability 2023, 15, 6925 6 of 18

school students in Indonesia in both chemical understanding and student culture to sup-
port their role in preserving local cultures? To achieve this goal, the researchers designed
a mini-ethnographic inquiry focusing on four case study schools [58] and employing a
range of data generation strategies, including reflective journals, semi-structured inter-
views, and classroom observations. These methods were employed within a constructivist
epistemology, enabling researchers to analyze social phenomena in the field to gain insight
into participants’ life experiences [11,59]. This report presents the results of a sample of
exemplary students, whose successful engagement illustrates the potential of this approach
to achieve its goals. In line with the nature of interpretive case study research, which aims to
study in-depth phenomena in specific contexts, this study did not aim for generalizability.

The study was conducted over 6–8 meetings in four high schools in the four provinces
of Banten, west Java, Bangka Belitung, and south Sumatra. A total of 149 eleventh and
twelfth grade students were involved in this study. The selection of these two levels
was based on: (1) an initial study on concepts in the chemistry curriculum that could be
integrated with Indonesian culture, and (2) students’ existing understanding of chemistry
concepts from previous learning. For ethical reasons all school and student names in this
paper are pseudonyms. In detail, the students engaged in this study consisted of 35 grade
11 students at Cinnamon High School (CHS), 42 grade 12 students at Cardamon Secondary
School (CSS), 36 grade 11 students at Peppercorn Independent School (PIS), and 36 grade
11 students at Mace Private School (MPS). Consent to participate was obtained from the
students who were voluntarily involved in data generation and analysis. The research was
conducted in three stages, the preliminary stage, the implementation stage, and the final
stage, as shown in Figure 1.
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Figure 1. Research flow and data generation.

Four chemistry topics were chosen according to the students’ year level and the appli-
cable chemistry curriculum: CHS (colloids), CSS (organic compounds and derivatives), PIS
(acids and bases), and MPS (electrolyte and non-electrolyte solutions). The implementation
of the CRTT model consisted of five stages [9]: self-identification, cultural understanding,
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collaboration, critical reflective thinking, and transformative construction, as shown in
Figure 2. The model was adapted to focus on chemistry education.
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Figure 2. The culturally responsive transformative teaching (CRTT) model in chemistry learning [24].

In the initial self-identification stage, students explored their cultural identities by
responding to questions about their cultural backgrounds, both individually and then by
sharing with others. The teacher divided the students into groups based on diversity in
their achievement levels and cultural backgrounds.

In the cultural understanding stage, the teacher integrated cultural concepts and chem-
istry learning content through an ethnochemistry text. Students worked in small groups to
analyze the ethnochemistry text and engaged in hands-on, inquiry-based, chemistry activi-
ties. This collaboration was informed by social constructivism and was aimed at helping
students develop an appreciation of the value of cooperation and a sense of acceptance of
(culturally different) others.

In the fourth stage, the teacher shaped the learning process in the form of a whole
class debate on issues related to the ethnochemistry text. Through the structured debate,
students were challenged to deepen their knowledge in order to be able to express their
opinions from various points of view and develop their critical thinking skills.

In the final stage, students constructed their understanding and reflected critically on
their values based on their CRTT learning experience. Table 1 provides a summary of the
four ethnochemistry texts and their link to chemistry concepts.
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Table 1. Ethnochemistry texts linked to chemistry curriculum content.

Ethnochem. Text Chemistry Topic Cultural Description Chemistry Concept

CHS—Banten Province

Coconut milk in a
typical Tangerang city
‘mie laksa’

Colloid

Mie laksa is a culinary dish in
Chinese and Malay culture that
continues to experience
development to suit the Indonesian
tongue. Tangerang’s typical laksa
noodles are made from boiled white
rice and then sprinkled with celery
leaves, drenched in thick yellow
sauce, and garnished with chicken
broth, grilled chicken, boiled eggs,
tofu, or potato curry. Coconut milk
is a thickening agent used in
cooking laksa sauce.

Coconut milk is a natural white milky
oil-in-water emulsion extracted from
the endosperm of ripe coconuts.
Freshly extracted coconut milk is a
relatively stable emulsion. They are
naturally stabilized by coconut
proteins, namely globulin and albumin,
and the presence of phospholipid
emulsifiers. Some of the proteins in the
coconut milk aqueous phase interact
with the fat lumps and act as
emulsifiers by covering the surface. At
too high a temperature and a long
storage period, the protein in coconut
milk will be degraded, which leads to a
reduced ability to stabilize fat globules.
As a result, instability occurs, which is
characterized by coagulation and
separation in the emulsion phase: a
water-rich phase (skim) at the bottom
and an oil-rich phase (cream) at the top.

CSS—West Java Province

‘Ngukus’ the tradition of
burning frankincense

Organic compound
and its derivatives

This text discusses the Ngukus
tradition among the Sundanese
people. In Sundanese culture,
Ngukus means “the activity of
burning incense that accompanies
certain rituals”. Ngukus, generally,
is conducted at the start of rituals,
such as thanksgiving and prayers.
The functions of burning incense
include: scenting the room,
repelling mosquitoes, increasing
concentration when meditating.

Frankincense is the dried sap of the
incense tree. One of the ingredients is
cinnamic acid, which is an organic acid
that has a double bond
(C6H5CH=HCOOOH). Cinnamic acid
can exist in the form of free or bound
acids, as esters in essential oils, balsam
resins, and in the leaves of frankincense
trees.

PIS—Bangka Belitung Province

Rusip typical Bangka Acids and bases

Rusip is a fermented fish product
from southern Sumatra and Bangka
Island. Rusip is made from
anchovies, which are fermented
with 10–25% salt and around 10%
palm sugar, based on the weight of
the fish, and then put in a container
and closed tightly. After two weeks
of curing, the anaerobic
fermentation process by lactic acid
bacteria and microbes has produced
amino acids from the protein in the
fish and reduced the fat content in
fresh fish.

Decomposition by lactic acid bacteria
(C3H6O3) can lower the pH in the
range of 5–6, so that it not only adds
flavor to food but also preserves it. The
presence of salt is also useful. Besides
being a flavor enhancer, it also inhibits
spoilage.
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Table 1. Cont.

Ethnochem. Text Chemistry Topic Cultural Description Chemistry Concept

MPS—South Sumatra Province

Cuko pempek Electrolytes and
non-electrolytes

Pempek is a typical Palembang
food made from finely ground fish
mixed with starch or sago flour and
a composition of several other
ingredients such as eggs, crushed
garlic, and salt. Pempek is usually
served with a dark brown sauce
called cuko, which has a sour,
sweet, and spicy taste with a
distinctive spice aroma. Tamarind is
a source of acid used in the
manufacture of cuko pempek.

The sour taste comes from hydronium
ions (H3O+) released by organic acids
and acetic acid in vinegar. The release
of hydronium ions causes an increase
in the conductivity of the vinegar
solution. The composition of the acids
and ions in the cuko solution is
refreshing when consumed because
humans need electrolytes.

3.2. Data Generation

Qualitative data were generated by means of classroom observations, students’ reflec-
tive journal entries, and semi-structured interviews with students. In conducting classroom
observations of the teacher–student and student–student interactions, the researcher (sec-
ond author) was assisted by two observers, the chemistry teachers in the partner schools.
This method helped to generate an overall picture of the CRTT model implementation
and its role in educating students for cultural sustainability. To reveal students’ individual
learning experiences, they were directed to respond in their reflective journals to ques-
tions designed to explore their engagement in cultural sustainability and any learning
difficulties they might have experienced. The following are examples of the reflective
journal questions:

• Where do you come from, do you know about your regional culture and the meaning
behind it?

• Give your opinion about learning chemistry today! Are you getting better at under-
standing about the interrelationships between the chemistry concepts you are studying
and your local culture?

• How would you respond if your friends in the group had a different opinion or
cultural perspective than you?

Semi-structured interviews were conducted to explore more deeply the issues related
to the learning experience and the development of students’ chemical understanding and their
cultural sustainability engagement. The following are examples of the interview questions:

• After gaining CRTT learning experiences, has it enhanced your motivation to study chemistry?
• From your point of view, what is your role as the younger generation in maintaining

cultural sustainability?
• What challenges did you face in this culture-based chemistry learning and how did

you respond to them?
• Based on the ethnochemistry text that you studied, which components of the cultural

product are included in the categories of strong electrolyte and weak electrolyte
solutions? How can this be identified?

3.3. Data Trustworthiness and Analysis

Data were analyzed in-line with a constructivist grounded theory approach through
thematic analysis [60], namely: (1) interviews were transcribed, (2) data were coded,
(3) codes were categorized into themes and sub-themes, and (4) the findings were presented
in narrative form. The researchers used this process to generate data-driven theory on the
CRTT model implementation and its implications for engaging students in ethnochemistry
learning for cultural sustainability.
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To optimize the quality of the data generated during the study, thereby ensuring
that the conclusions drawn could be justified epistemologically, the researchers enacted
credibility criteria to enhance the trustworthiness [59] in-line with the interpretive nature
of the study. These ethnographic methods included prolonged engagement, persistent
observation, progressive subjectivity, and member checking [60]. Throughout the study,
prolonged engagement was carried out to understand the research contexts, to explore the
characteristics of learners in terms of their cultural backgrounds and academic achieve-
ments, and to monitor both the teachers’ implementation of the CRTT model and the
students’ valuing of cultural sustainability. For each research site, two classroom observers
conducted persistent observations of all the learning activities, thereby generating trust-
worthy and in-depth data on students’ engagement in the learning process. Progressive
subjectivity was implemented by the researchers to monitor their ongoing synthesis of the
data sources, with reference to their meeting notes recorded while conducting school visits.
Member checking of students was conducted by the researchers to ensure the accuracy of
their interpretations, especially for the purpose of clarifying any ambiguous data.

4. Results and Discussion
4.1. Pedagogical Strategies for Engaging Students in Culturally Responsive Chemistry Learning

The cultural understanding stage in the CRTT model requires teachers to link the chem-
istry curriculum with local cultural practices. Hence, with a view to improving students’
level of cultural knowledge, teachers invited students to develop a better understanding of
their culture through a range of pedagogical strategies: (1) engaging with ethnochemistry
texts aimed at deepening local cultural understanding and linked to the chemistry curricu-
lum; (2) engaging in hands-on, inquiry-based chemistry activities linked to the cultural
practice; (3) linking ethnochemistry content to everyday life through small-group discus-
sions; and (4) engaging students in a structured whole-class debate using argumentation
skills. The steps in the CRTT model (see Figure 2) were intended to encourage students’
transformative knowledge construction and to enable them to reflect critically on their
cultural values and understanding. It is these aspects of the CRTT model that make it a
transformative learning model also suitable for learning chemistry content.

4.1.1. Ethnochemistry Texts

We were particularly interested in how students experienced working with these
texts. During our observations we noted that: “Students are enthusiastic when the teacher
engages them in learning by presenting ethnochemistry texts. They learn many new things,
and even when the teacher asks them to write learning reflections at the end of class
students do not hesitate to express that studying chemistry while getting to know culture
is fun for them” (Classroom Observation, PIS, 21 January 2020). A statement from Fatimah,
a female PIS student, confirmed the observation by stating: ‘’The ethnochemistry text
really helped broaden my horizons on the local culture and the chemistry perspective on
it, and made learning chemistry a lot of fun” (Fatimah interview, PIS, 21 January 2021).
Budi, a CSS male student, in his journal seemed to agree with Fatimah when he wrote that,
“The ethnochemistry text is very useful for me to know various local traditions, reading
them is very enjoyable because it’s like reading stories” (Budi’s Reflective Journal, CSS,
20 January 2020). Pointing to the direct relevance of these texts to students’ lives, Ade, a
male PIS student, explained that, “[ . . . ] through ethnochemistry texts, it provides clear
evidence that the concept of acid and base is closely related to our lives, the most special, the
example raised is an endemic fruit from Bangka Belitung (jeruk kunci)” (Ade’s Reflective
Journal, PIS, 14 January 2020). For Ade, ethnochemistry texts can serve as a medium for
contextualizing chemical concepts in everyday life.

These student remarks strongly suggest that the integration of ethnochemistry texts
can help increase motivation to learn new things related to exploring cultural practices
in interesting ways. Drawing on cultural knowledge and real-life experience can give
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students the opportunity to construct their knowledge by being directly involved in the
learning process.

4.1.2. Small-Group Discussions

Traditionally, most mainstream chemistry classes in Indonesia are conducted in a
teacher-centred, direct-instruction style. Therefore, engaging students in active, collabora-
tive, student-driven learning comes with its own challenges, mostly linked with students’
initial reluctance to speak up. Nevertheless, our research indicates that one of the most
engaging aspects of this new type of chemistry learning, according to Putri, a sociable
student from CHS, were the small-group discussions, “I liked having discussions with
a group of friends about the [chemical] components and how to cook our typical food.
We then related [the discussion] to the colloid concept that we were studying” (Putri’s
Reflective Journal, CHS, 31 January 2020).

Chemistry learning in small-group settings seemed to encourage students to become
more critically aware and careful in expressing their opinions. During our observations we
noted that students were enthusiastic and skilful in expressing their ideas and thoughts,
and they could also be critical, for example, when arguing about the impact of consuming
rusip, a fermented food containing fish (anchovies), salt, and palm sugar. During their
discussions students answered questions by linking several fields of science (Classroom
Observation, PIS, 29 January 2020).

Peer social interaction promoted through small-group discussions facilitates students’
ability to engage in positive interactions, which directly impacts their learning motiva-
tion [61,62]. Agus, a male PIS student wrote, in his journal that, “I got to know my
classmates better because I was in groups with people I rarely talked to” (Agus’s Reflective
Journal, PIS, 16 January 2020). In a similar vein, Dewi, a female PIS student, outlined the
benefits of group learning, particularly for groups with diverse cultural backgrounds, “I
think it is more effective because [we] can share information and opinions and practice
cooperation and communication. I also don’t mind being divided into groups based on cul-
turally diverse backgrounds. [Like this] we can have more positive interactions” (Interview
Dewi, PIS, 30 January 2020). Fatimah, another female PIS student, seemed to concur with
Dewi, emphasizing the benefits of collaborative learning, “I think group study is fun and
useful because we can ask our friends. Sometimes when we study alone, it feels awkward
to ask friends. Still, by working in groups, we are given space to communicate and ask
questions so that all members understand the chemistry concepts being studied better”
(Fatimah Interview, PIS, 30 January 2020). Lestari, a female CHS student, added that she
likes, “[ . . . ] discussing the connection between the chemistry concept and Tangerang
culture with my peers. We can exchange opinions with each other, respect others, and we
are also trained to think before we speak. So what we are saying has a clear basis” (Lestari’s
Reflective Journal, CHS, 7 February 2020).

Despite most students not being used to small-group discussions, the differences in
cultural backgrounds, learning styles, and student achievement encouraged students to
practice respecting each other in expressing their opinions to achieve group conception.

4.1.3. Whole-Class Debate

Debate is a structured pedagogical strategy involving the whole class, organized into
teams for the purpose of exploring a variety of perspectives and reflecting on values and
understanding [13]. It is the culmination of all learning experiences, where students have
to apply and evaluate their knowledge before synthesizing a suitable response.

Budi and Hartono, two male CSS students explained that the debates encouraged
them to develop deep understanding so that they could respond quickly to opposing teams
and also how to behave respectfully, “When debates take place between teams, competitive
attitudes and cooperation between team members increase. Each student is required to
present arguments slowly—not in a hurry—and also learn to be patient when receiving
objections from other teams. In addition, we are required to respond and think critically
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when responding to arguments from the opposing party (Budi).” Hartono added that,
“during the debate, each student is required to focus on listening to the arguments put
forward by the opposing team. Apart from this, they have to respect each other’s different
views” (Budi and Hartono Student Interview, CSS, 3 February 2021).

Similar to small-group discussions, debates seem to have been viewed positively as
expressed by Ade, a male PIS student, “today’s debate about Rusip was very exciting
because I could present my argument and listen to other arguments. I have the most fun
during debates because my ability to speak, think, and respond is being tested during
debates and that builds my understanding” (Ade’s Reflective Journal, PIS, 4 February 2020).
Hartono of CSS seems to support Ade’s sentiment, “During the debate, we are required to
have a positive attitude towards listening, delivering and responding to argument. Each
one of us has to focus on listening to the arguments put forward by the opposing team”
(Hartono Interview, CSS, 3 February 2020).

Hence, the competitive nature of the debate seems to have demonstrated to students
the necessity of listening respectfully before responding competently. Indah, a female PIS
student added that the attitude of mutual respect contributed positively to the cohesiveness
of her group, “I think today’s learning was better than before. During the debate, our group
became more cohesive. Everyone could give their own opinion, and we learned to respect
each other. So the debate ran smoothly” (Indah’s Reflective Journal, PIS, 4 February 2020).
We were able to confirm Indah’s assessment of the quality of the social interactions during
the debate. In our observation notes we wrote, “Students are enthusiastic about expressing
their opinions. They listen carefully when someone in their group conveys their views”
(Classroom Observation, CHS, 18 January 2020).

The results of our inquiry indicate that during the whole-class debate students were
challenged to develop the skills to listen carefully before expressing their opinions and
defending their arguments respectfully. In addition, we were able to identify that students
enjoyed social interactions and the group cohesiveness improved.

4.2. Learning Chemistry Content through CRTT

Culturally responsive transformative teaching aims to foster concrete, in-depth, and
locally relevant chemistry learning. The following examples were chosen because they
demonstrate the links between students’ cultural chemistry learning and links to students’
everyday lives.

4.2.1. The Chemistry of Dodol

Dodol is a traditional sweet and soft sugar palm confection, typical in Indonesian
cuisine. The main ingredients are coconut milk, palm sugar, and glutinous rice flour. There
are many local recipes and techniques for making dodol that require many hours of cooking
and stirring to create a colloidal suspension, whereby insoluble particles are suspended
throughout another substance. During our observation we found that that Joko, a male
student from CHS, was able to identify and describe the concept of colloids in relation to
making dodol. We noted also that Joko was able to correctly create a colloidal mixture
during the dodol mixing process. He could describe the colloidal properties of the solution,
where glutinous rice flour and sugar formed the dispersed particles and coconut milk was
the dispersion liquid (Classroom Observation, CHS, 7 February 2020).

4.2.2. The Chemistry of Pempek

Pempek is a traditional Indonesian fishcake and is typical of Palembang in south
Sumatera with (potentially) Chinese origins. It seems to have been a method for preserving
fish. Pempek dough is made up from fish, water, salt, and flour, which is shaped into
dumplings that are cooked in water and stored before being fried just before consumption.
The accompanying sauce, called cuko, is made of palm sugar, spices, vinegar, salt, and
water. During learning about pempek, students conducted experiments on the electrical
conductivity of various sample solutions, one of which was vinegar, which is commonly
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found in the sauce that comes with traditional pempeks. During our observations, students
seemed to understand that vinegar is an example of a weak electrolyte solution, based
on the experiments they carried out testing electrolyte solutions with electrodes. Many
were able to explain that if a solution is an electrolyte this can be observed by checking
the electrodes: in a strong electrolyte solution there will be many bubbles and the attached
lamp will light up brightly. In a weak electrolyte solution, by contrast, there will be very
few bubbles and the light will either be dim or go out altogether. Non-electrolyte solutions
do not show either reaction (Classroom Observation, MPS, 20 February 2021).

Dwi, a male MPS student explained that, “vinegar contains acetic acid [making it]
a weak electrolyte solution. [The formula is] CH3COOH meaning it has a covalent bond
between non-metallic substances” (Reflective Journal of Student 12, MPS, 22 February 2021).
Similarly, Indah, a female MPS student, recognized that, “chemistry and culture are related.
For example, Cuko contains acetic acid like in Pindang Sauce which also contains acid from
tamarind. With Batik, during the process of making it, caustic soda is used” (Reflective
Journal of Student 18, MPS, 22 February 2022). Indah seems to have clearly understood the
links between chemistry and everyday life, since she was also able to provide additional
examples. Pindang sauce, for example, originates from Palembang, but is also used in Java
and Kalimantan. It is an acidic solution used for cooking and for preserving fish.

4.2.3. The Chemistry of Lahang

Lahang is a sweet drink traditionally associated with west Java. It is made from
the sap of sugar palms (Aren) and requires a certain skill set to harvest and produce the
drink, which is traditionally sold in bamboo vessels. Hasan, a male student from CSS,
explained in his interview, “I became curious about the sugar palm sap which has almost
disappeared [from our culture] because of the tendency of sugar palm sap to ferment easily,
which eventually produces wine due to direct contact with air” (Interview of Hasan, CSS,
3 February 2020). Fermentation is a problem when religion forbids the consumption of
alcoholic drinks. Such is the case in Java, whereas in neighboring Bali people traditionally
allow lahang to ferment and become alcoholic, as Balinese religion traditionally does not
limit the consumption of alcohol. In the class at CSS we observed the following exchange
between the teacher and Hasan:

Teacher: Speaking of our local culture—‘Lahang’—do you have any ideas how it could be
made more widely known to West Javan citizens?

Hasan: From the video I watched there are just a few people who sell Lahang, and hardly
anybody knows how to tap [the sugarpalm sap] and make Lahang. This tradition should
be shared with the younger generation by making use of improved technology. Young
Indonesians could market it more extensively through Marketplace and innovate by using
bottles. Alternatively, they could make [Lahang] longlife [so that it does not] ferment
easily (Classroom Observation, CSS, 3 February 2020).

This conversation highlights an interesting cultural ethical dilemma linked to the
consumption of lahang which, if fermented, is problematic for people who, for religious
reasons, cannot consume alcoholic drinks. This may have contributed to the near disap-
pearance of this ancient cultural practice and knowledge in Java. Based on his learning,
Hasan seems to be striving to revive the old tradition and spread the word about it amongst
the population while, at the same time, trying to keep the lahang alcohol-free, thus making
it an acceptable drink for religious people.

Dodol, pempek, and lahang are examples that highlight that CRTT appears to have
enabled the students to connect learning about culture and chemistry concepts and apply
them to their everyday lives.

4.3. Transformative Learning through CRTT in the Context of Chemistry Learning

Transformative learning encourages learners to reflect critically on their taken-for-
granted assumptions, values, and beliefs. Reported changes in attitudes based on new
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insights are indicators that transformative learning has taken place. During our observa-
tions, we found evidence suggesting that whilst learning chemistry students also looked
back at history which, in turn, encouraged them to take on responsibility for preserving
their culture. The following dialogue between the teacher and Mawar, a female CSS stu-
dent, reflects her concern for preserving her culture and examining local cultural attitudes
through a scientific lens:

Mawar: This learning has changed my attitude to care more about preserving local culture.

Teacher: Why do you think that preserving culture is important?

Mawar: [ . . . ] because there are many benefits, and it is our [cultural] wealth that
we must preserve. Meanwhile, Indonesian people are more interested in myths and
beliefs, meaning that cultural learning through the lens of Science is not commonly done”
(Mawar Interview, CSS, 20 February 2020).

We noted in our observation records that, “Students seemed to understand that culture
needed to be preserved because ‘our heroes of the past’ have struggled to preserve culture
since ancient times—now it is up to all of us to protect and preserve culture. If culture is not
preserved the impact will be visible from the outside and culture can disappear” (Classroom
Observation, MPS, 23 February 2021). Some students, like Hasan, a male student from
CSS, appeared to recognise the importance of keeping an open mind whilst maintaining
excellent knowledge of their own culture, as evidenced in this dialogue between teacher
and student:

Teacher: [it appears that] today culture has been greatly displaced by foreign cultures:
today’s children know more about foreign cultures than their own. What do you think?

Hasan: . . . we need to know other countries’ culture so we have broad knowlege, but the
important point is that we have to learn about our local culture in great depth

(Hasan Interview, CSS, 3 February 2020).

In addition to having an opportunity to study culture and chemistry at the same time,
there appears to have been an additional benefit to those students who were not indigenous
to the local area, such as Ratih, a female MPS student, who explained, “[ . . . ] since I am not
native to Palembang, learning chemistry with a cultural approach helps me to recognize
and adapt to the culture here” (Reflective Journal of Ratih, MPS, 20 February 2021).

4.4. Students’ Experiences of CRTT in Chemistry Learning

Since we had set out to investigate if CRTT had the potential to enhance student
engagement in chemistry learning through integrating ethnochemistry issues, we needed
to explore students’ experiences with the CRTT implementation.

Widya, a female student from MPS, seemed to confirm the efficacy of the CRTT model
for engaging students in chemistry learning by stating that, “In my opinion, cultural
integration really helps me understand chemistry concepts. I can learn chemistry in a fun
way and participate in preserving my regional culture” (Reflective Journal Widya, MPS,
20 February 2021). Setiawan and Agung, two male MPS students, concurred with Widya
in saying that, “Learning chemistry related to culture and daily life adds to my experience
and makes me more motivated for the next topic, especially coupled with experimental
activities” (Interview of Setiawan and Agung, MPS, 22 February 2021). Budi, a male student
from CSS, reported that he was, “[ . . . ] very enthusiastic because I am [now] motivated to
find new information about chemistry associated with culture” (Budi’s Reflective Journal,
CSS, 3 February 2020). This sentiment was supported by Eka, a female CSS student, who
wrote in her journal that, “[ . . . ] this learning is interesting, because it makes students
more active, adds insight, [makes me] think critically and know more about culture” (Eka’s
Reflective Journal, CSS, 3 February 2020). Eka’s statement seems to highlight well her
engagement in transformative learning aspects, which was also reflected by Nurul, a
female PIS student, who wrote that, “[ . . . ] learning chemistry concepts in a new way
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can develop [my] thinking to find out the meaning and connection to chemistry. Learning
chemistry that is linked to this [local] culture encourages us to be more curious about our
culture. It was fun for me!” (Nurul’s Reflective Journal, PIS, 4 February 2020). Putra, a male
MPS student, summarized well what many students reported in their interviews and in
their reflective journals, “It was very engaging, I become more knowledgeable about my
culture in terms of chemical concepts” (Interview of Student 10, MPS, 10 February 2021).

Statements like these highlight that, through CRTT, students can achieve academic
goals, develop cultural awareness, and construct new cultural and chemistry knowledge
based on their learning experiences [19,63].

5. Conclusions

The results of this mini-ethnographic research indicate that ethnochemistry learning
based on the CRTT model and implemented in Indonesian cultural contexts has the poten-
tial to engage secondary chemistry students in exploring interrelationships between the
chemistry curriculum content, local cultural practices, and examples of chemistry in every-
day life. Through the CRTT model, students experienced enhanced meaningful chemistry
learning that was different from their standard chemistry classes in that it combined cultural
learning with inquiry-based, student-driven, and collaborative pedagogical approaches.

Research findings from four schools in four provinces in Indonesia demonstrate that
the CRTT model can facilitate students’ engagement in culture-based chemistry learning.
Self-identification allows students to explore their cultural identity and reflect on how
well they know their culture. A deepened understanding of culture through the lens of
chemistry was facilitated through integrating ethnochemistry texts combined with hands-
on activities, which motivated students to learn more about culture and the practices therein.
Opportunities to exchange understanding and perspectives though collaborative learning
in small groups representing cultural diversity positively impacted social interaction,
learning motivation, and students’ critical and analytical thinking abilities. The diverse
cultural backgrounds seem to have encouraged acceptance of difference as the basis for
mutual respect, when conveying to and receiving from other students’ opinions and beliefs
that may be different. Furthermore, learning experiences during the four CRTT stages seem
to have encouraged students to transform some of their understanding.

In particular, the study illustrated that students were involved in cultural identity
reflection, engaged in cultural-based chemistry learning, explored cultural heritage through
a chemistry lens, applied social etiquette and ethics, and developed cultural heritage preser-
vation awareness, which are all important outcomes in the context of cultural sustainability
education. Thus, the results highlight the potential of the CRTT model for learning relevant
chemistry concepts and the related scientific language through an ethnochemistry approach,
with a focus on preserving indigenous, ancestral knowledge for future generations.

6. Limitation and Recommendations

As this study was an interpretive mini-ethnography inquiry consisting of four case
studies involving senior high schools in four provinces in Indonesia, the in-depth findings
are specific to the local contexts and cannot be generalized. However, as this research
has demonstrated, the CRTT model, when conducted in a chemistry education context,
has the potential to provide concrete, in-depth, and locally relevant chemistry learning
by integrating ethnochemistry texts and related study materials. Thus, we may infer that
students in other cultural contexts outside of Indonesia might also successfully engage in
ethnochemistry learning that promotes cultural sustainability if the chemistry curriculum
is adapted in line with the CRTT model. In the future, a broader study involving other
cultural contexts could be conducted.
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