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Abstract.
Learners’ conceptual frameworks vary greatly, but they develop from their everyday
experiences over time and change as they mature. Their intuitive understanding of
the world around them often needs to match scientific concepts as seen by experts.
It is essential in culturally based teaching to recognize how these naïve conceptions
differ from scientific explanations of concepts and why children construct these ideas.
Heat transfer mechanisms are conceptually rich material. Particularly in the Indonesian
context, little effort has been made to reduce misconceptions. This prompted us to
conduct a study in this area. We present a study on students’ misconceptions about
heat transfer mechanisms, namely conduction, convection, and radiation. This study
aimed to analyze students’ misconceptions about heat transfer mechanisms through
an ethnophysics study. The method used was a non-experimental quantitative case
study. In addition, a survey was conducted in the form of a diagnostic test in the form
of questions related to heat transfer for 100 students. The findings in the field show
that students experience relatively high misconceptions. So far, teachers have not
accustomed students to learning from contextual things in the form of local wisdom
around them. They have given scientific questions to search for, find, and provide
answers and solutions to these natural phenomena. The teacher mainly pursues
cognition and physics problems in textbooks and less explores contextual matters.
Future research is suggested to develop physics teaching materials based on local
wisdom oriented to 21st-century life skills that can support students to live in the future.
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1. Introduction

In 2024, the Nature Physics Editorial released the article “Unlock the Potential of a
Physics Education.” The article is only one page about the development of physics
education. They said that the physics education curriculum has remained unchanged
for decades, and the curriculum may be improved according to the needs and develop-
ments of the times. For example, there is a need for more at the undergraduate level of
physics education. As a result, many potential talents of physics education need to be
absorbed in the world of work. In addition, the purpose of teaching physics designed
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in universities is to train students to work in academia, thus making graduates less pre-
pared to work in the industrial world. Physics education departments should pay more
attention to constructive and humanistic teaching to help students become excellent
members of the physics community. Physics teaching should be more equitable and
relevant so everyone can thrive [1].

Experts recognize that attention to literacy is essential. Literacy is needed to improve
the competitiveness of an economy to excel. In addition, new technologies are needed
to meet needs or solve current environmental degradation problems. Therefore, the
global era demands strong basic science and math knowledge. Researchers across
disciplines have tried identifying what constitutes a new generation of science and
math avoidance [2]. This is evidenced by the low interest of high school students who
enter college to choose science, math, and engineering majors [3]. They see physics
as unable to contribute to environmental or medical problems and increasingly see
physics as requiring math skills [4]. A critical and interesting question is the situation of
a country where students consistently perform well in science and math examinations
nationally and internationally. Asian students have often been shown to score well in
international science and math assessments. Their attitude towards science subjects,
such as physics, intrigues many. This can be seen from Singaporean students who
view physics as an advanced field of study. Studies show that Singaporean students
repeatedly top the charts of international science and math assessments, such as the
Trends in International Mathematics and Science Study (TIMSS). Singaporean students
have been placed at the top, particularly in physics, along with students from Taipei,
Korea, Hong Kong, and Japan [5].

Conditions are very different from Indonesian students who 2018 scored 379 out
of 500 mathematics sections of the PISA Program. A score of 379 ranked 7th, the
lowest score among nearly 80 countries or states taking this test (OECD, 2019) [6]. In
Indonesia, the proportion of grade 4 and grade 12 students with basic mathematics
skills was only 10 percentage points (32% vs 42%) [7]. In the Indian state of Andra
Pradesh, only 5% of fifth-grade students could do basic arithmetic [8]. Low-income areas
severely impair students’ academic achievement [9]. The quality of teaching, human
resources, facilities, and infrastructure are the most effective indicators of improving
student learning outcomes. This is a point of concern for almost all countries in the world
[6]. Higher education should provide a learning environment in specific fields such as
natural sciences, social sciences, and engineering for ordinary people, as a foundation
for a promising future career for them. Despite reasonable service efforts, there are
still areas for improvement that lead to more and more students dropping out. In 2020,
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the dropout rate in Indonesia was 16.9% and 3.14%, respectively, most of which came
from engineering and education, particularly science majors. The reasons identified for
the high dropout rate in engineering and science education are primarily related to a
sub-optimal learning environment, namely the unavailability of adequate laboratories
for research and learning, financial problems, health status, and low academic progress
[10]. Personal status and inadequate educational support also play an essential role in
low academic progress, leading to a decline in students’ desire to study. In addition,
classroom atmosphere and attitudes toward subjects are also related to academic
performance, which indirectly affects student dropout rates [11]. Learning attitudes in
science and mathematics subjects are essential as they influence academic success
[12].

Misconceptions are one of the barriers to learners’ academic success. Misconcep-
tions arise in all fields of science and all age groups. Empirical evidence shows that
children have qualitative differences within themselves [13]. Most students bring ideas
from the outside world into the classroom incompatible with scientific explanations.
Therefore, in order for students to understand and accept correct scientific phenom-
ena, they must undergo a process of conceptual change [14]. Conceptual change in
science learning is rooted in Piaget’s constructivist ideas. He considered learning a
process where new knowledge is built upon existing knowledge (pre-conceptions). It
can be achieved through revision by modifying preconceptions to accommodate new
knowledge. Learning activities should be incompatible with the student’s existence.
Ideas are developed to encourage dissatisfaction, and then students must explain the
anomalies [15]. Change can be hard to make when students are firmly committed to
previous conceptions [16]. A conception that the learner fully accommodates must be
comprehensible (reasonable and understandable). Students who demonstrate good
conceptual understanding can explain concepts in line with scientific explanations.
Curricular physics education in the form of content, teaching strategies, and the role
of teachers are essential factors in providing a rational basis for conceptual change in
students. [17].

The results of a study on physics students in Thailand showed that about 30% of stu-
dents stated that they could not solve the initial test because they needed to understand
the relationship or difference between temperature and heat transfer [18]. The term
misconception often refers to the cognitive entities that underlie and explain students’
difficulties in generating correct explanations or problem solutions. Supporting students
in developing scientific conceptions of physics to explain natural phenomena is one of
the main goals of physics learning in schools. In physics education research, increasing
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efforts are being made to establish the effectiveness of pedagogical strategies that
follow learner-centered teaching methods by facilitating the change of students’ alter-
native conceptions into correct conceptual understandings [19]. In addition, studies in
South Africa show that learners need help understanding the concept of temperature,
with the prevalence of misconceptions ranging between 60% and 90% [20]. From a
constructivist point of view, the benefit of students learning initial conceptions is that
it provides teachers with possible misconceptions that students have. If students have
high misconceptions before learning, it can prevent them from learning new subjects
correctly, thus causing new misconceptions [21], [22]. Conventional teaching could be
more effective at promoting significant conceptual change. This is a crucial failure
because mastering basic concepts is essential for developing technical expertise [23].

Physics is one of the essential sciences because its concepts are used to explain
existing phenomena. In addition, physics is one of the most studied sciences because
it is widely used in developing science. Many problems are found in physics learning.
Physics learning needs to be more oriented to the local culture found in the local
area [24]. Physics learning only relies on cognitive aspects that reduce the nature of
physics as a process, product, and attitude. In addition, teachers only give general or
rarely known examples to students, so physics learning is only limited to the imag-
inary. Therefore, it is necessary to integrate culture, local wisdom, or local potential
in physics learning. The study of culture, local wisdom, and local potential related to
physics can be taken from learning resources such as books and research journals.
However, econophysics research that explicitly examines culture-related phenomena
in physics has yet to be widely conducted. In addition, previous research has limitations
in examining physics concepts in more depth. Another problem is that information or
original records of local wisdom often do not exist, so they are easily eroded by the
times [25].

The study results contribute to the development of ethnophysics and become the
first step for researchers who want to examine ethnophysics, especially physics, from
local wisdom and the local potential of other regions in Indonesia. Students who gain
knowledge through direct experience can improve their cognitive aspects. It can help
improve students’ ability to understand the material, investigate it, and explain the
science contained in the original knowledge of the community. Students’ relationships
with the surrounding community can also be improved by linking local wisdom with
modern knowledge. Thus, learners can become cultured individuals and agents of
change who can transfer culture to the next generation. A narrow view will impact
the knowledge they acquire, meaning that viewing and interpreting the culture of the
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community only on one side will not improve their mindset. Much of the community’s
indigenous knowledge has been forgotten and lost due to a lack of understanding of
the importance of the noble values contained therein. In addition, exploring indige-
nous knowledge that is not accompanied by a logical understanding can give birth
to misconceptions in science itself. Therefore, this study aimed to analyze students’
misconceptions about heat transfer mechanisms through ethnophysics studies.

2. Methods

2.1. Research Design

This study used A non-experimental quantitative case study [26]. The design was
suitable for this study as the data was collected using a questionnaire. In this study,
the researchers investigated the prevalence of misconceptions about heat transfer
mechanisms among university students. A case can be an individual, group, activity,
event, or process. Survey studies use statistical generalizations, while case studies rely
on analytical generalizations.

2.2. Sample and Collection

The sampling technique used in this study was random sampling. The random sampling
technique is a random sampling of the population so that each member of the population
has the same opportunity to be taken as a research sample. The population used in
this study were students of physics education study program who were taking basic
physics 1 and 2 courses and students of elementary school teacher education program
who were completing basic science concepts courses. The sample used in this study
consisted of 100 students, 40 physics education students and 60 elementary students
of the school teacher education study program.

2.3. Instrument

The data collection instrument used in this study was a diagnostic test of misconceptions
of heat transfer mechanisms on the topic of ’Nasi Bambu Pulut’ (Pulut Bamboo Rice). The
questions were in the form of descriptions totaling 5 questions that physics and learning
physics experts have validated. This test was given with the aim that the lecturer could
find out the students’ knowledge after answering the questions provided. Lecturers will
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analyze information or answers from each student according to the questionnaire filling.
Errors or incorrect answers indicate the occurrence of misconceptions in students. The
misconception category of Minarni et al. (2018) [27] students can be seen in Table 1.

Table 1: Misconception Category.

Misconception Interval Category

0-30 Low

30-70 Medium

70-100 High

From the above categories, the percentage of 0-30 is included in the category of
low misconceptions experienced by students, 30-70 is moderate misconceptions, and
70-100 is high misconceptions experienced by students. Data collection in this study
by giving misconception test questions in description format to be filled in by students.
Then, the answers from each student are collected and analyzed according to the
researcher’s needs.

2.4. Data Analysis Technique

The participants’ responses were analyzed to identify the concept of heat transfer
mechanisms. The qualitative analysis involved comparing the responses to heat transfer.
The data analysis of this study mainly included two main phases. In the first phase, stu-
dents’ alternative conceptions regarding heat transfer were examined by open coding
according to the related questions. In the second phase, the data of students’ answers
were tabulated in frequencies related to the magnitude of students’ misconceptions
from low, medium, and high levels.

3. Results

Although students have been involved in various physics-related activities to gain basic
knowledge about heat transfer mechanisms from previous learning experiences, it is
surprising that many students still need clarification. The percentage of students who
have misconceptions about heat transfer mechanisms is shown in Figure 1.

Based on Figure 1, students experience high misconceptions from the first to the fifth
question, namely 75, 75, 72, 77, and 85. This data indicates that students still need to
understand the concepts that lecturers have taught. Misconceptions experienced by
teachers will have an impact on students’ mastery of concepts because teachers are
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Figure 1: Student Misconceptions From 5 Questions On Heat Transfer Mechanisms.

the primary source of learning for students. Based on the research findings, students
or prospective teachers who need clarification about heat transfer mechanisms will
struggle to build further concepts.

 

 

Figure 2: Nasi Bambu Pulut Process.

4. Discussion

The data in Figure 1 shows that students still need to be aware of the heat transfer
mechanism. This study’s results align with previous findings, which explained that 30%
of senior engineering students were unable to explain the concept of heat transfer.
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In addition, another study also provided information that 41% of students had mis-
conceptions about the concepts of temperature and heat [28]. This implies that the
correct answer needs to be higher. Thus, learners need to understand heat transfer
between the two systems better. Most learners need clarification about basic thermal
concepts such as heat and temperature concepts, heat transfer and energy change,
and thermal properties of materials. This shows that the strong misconceptions about
thermal systems formed early in students’ lives continue into higher education. Students
can identify the correct formulas for various concepts but cannot solve theoretical
or mathematical problems because they need to understand the underlying basic
concepts [29]. Students believe bubbles are boiling water containing ’air,’ ’oxygen,’
’heat,’ ’hydrogen,’ ’steam,’ or ’nothing’ [30]. The results of a study in Greece explain that
female students are superior to male students in science concepts. It can be seen from
socio-demographic factors, family economics, and genes owned by parents, namely
mothers [31].

One of the physics concepts still recognized by students as difficult to understand
is the mechanism of heat transfer [32]. Various reasons have been put forward to
rationalize the low achievement rate among students. This information comes from
a study in Ghana that rote learning and inadequate understanding of concepts cause
difficulties in problem solving among students. Heat transfer is the process of heat
energy transfer due to temperature differences in a medium or media [33]. Heat transfer
occurs whenever there is a temperature difference in a medium or between media [34].
The various methods of heat transfer are conduction, radiation, and convection [35]. The
teaching of heat transfer is associated with several things that must be clarified. These
misconceptions create conceptual difficulties among students. Neither students nor
physics teachers can accurately assess their understanding of heat transfer [36]. Their
research also revealed no significant relationship between students’ self-understanding
and conceptual understanding of heat transfer. Conceptual understanding requires
clarification of misconceptions and can potentially engage students in learning [37],
[38]. Therefore, learners require effort to connect new knowledge with relevant concepts
they already possess [39].

One way to minimize student misconceptions is to implement good teaching strate-
gies through innovation to improve student understanding. Introducing an innovation
is wider than equipping teachers with theoretical knowledge or a detailed explanation.
What is done is continuous support by equipping students’ ability to understand and
solve problems related to heat transfer mechanisms that are very useful for their daily
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lives [40]. Therefore, physics teachers need to give great confidence to their profes-
sionals in developing and understanding students about heat transfer [41]. Teachers
are considered to play a significant role in influencing the quality of teaching and
the success of student learning [42]. Another area for improvement with conceptual
difficulties among students is their mindset [43] Students must change their minds and
take responsibility for what they learn through critical thinking [44]. In order to develop a
better understanding of heat transfer, some experimental-based teaching methods are
needed [45]. Educators use different teaching methods based on educational standards
and the needs of students [46].

Remember that learners do not come to school like a clean sheet of paper, meaning
they come to school with prior knowledge. Learners come to school with scientific
knowledge of right or wrong [47]. Pre-existing knowledge can cause a gap between
what learners learn and what teachers expect them to learn [48]. Learners’ failure
stems from factors such as inappropriate teaching or a clash between pre-existing and
scientific knowledge, especially if the teacher cannot resolve the difference. In addition,
learners come from different socio-cultural contexts, and their experiences affect how
they understand scientific concepts. Minimizing learners’ misconceptions will improve
the quality of learning [49]. Physics is one of the sciences that can be learned through
culture, local wisdom, or local potential. Physics studies the basic properties of matter
and energy and the interaction between the two. There are many methods to prevent
or correct misconceptions. The most important of these are modeling and conceptual
change texts. However, incorrect modeling can also result in misconceptions. Therefore,
models should be designed so that they do not lead to misconceptions. Misconcep-
tions about heat and temperature were found to center on (1) the equivalence of heat
and temperature, (2) the determination of coldness or warmth of an object based on
temperature, (3) heat as a substance that moves between objects, (4) the addition of
energy because heat always increases the temperature of an object, and (5) the change
in temperature during a phase transition when energy is added or removed.

Much research has been conducted in physics at the student level. Most misconcep-
tions occurred in the 1980s and primarily focused on students in the 11-16 age range,
with only a much smaller number of studies involving undergraduate students. While
recent studies have found that undergraduate physics students still retain old concepts
or misconceptions similar to those held at the student level, the prevalence of such mis-
conceptions among students has not been investigated in depth in physics or science
teacher trainee classrooms [50]. Indeed, while there is a large body of literature on
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school students’ misconceptions around the world, little literature addresses students’
misconceptions in a local cultural context.

Imagine, now, that we heat one end of this tube. As a result, the first molecule
oscillates and reaches the point of its nearest neighbor, and so on. In this case, the air
molecules are restricted to moving back and forth only, and there is regularity in the
collisions. Therefore, we can predict which molecule will start moving and with which
molecule it will move to collide at each point. Therefore, the heat transfer is directly to the
bamboo material under these conditions. The elements interact sequentially, with the
first molecule colliding with the second, the second with the third, and so on. Elemental
interactions are continuous, as each collision depends on the previous interaction.
Heating one end of the tube increases the speed of the molecules. It increases the
number of possible molecular configurations, resulting in higher entropy. Indeed, the
more molecules found within the tube’s cross-section, the more collisions are likely to
occur at each point in time, causing the overall process to be more emergent and the
rate of heat flow to increase. As the tube narrows, the entropy flowing through the tube
decreases [51]. The state of Figure 2 is simulated in Figure 3.

Figure 3: a) Heat Conduction (schematically) Within One Dimension of Bamboo During The
Burning Process Of Nasi Bambu Pulut, B) The Hotter The Cross-Section, The More Collisions

Are Likely To Occur.

Bamboo is the collective name for giant grass species. An estimated 60-90 genera
of Bamboo, comprising around 1100-1500 species. These species come in a vari-
ety of sizes and shapes. Bamboo mainly grows in the tropical regions of Asia, Latin
America, and Africa. In recent years, Bamboo has grown in popularity in the built
environment, mainly due to its low cost, high mechanical strength, appealing aesthetics,
flexibility, and very low, or even positive, environmental impact [52]. Bamboo has
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one of the highest renewable energy rates compared to other natural construction
materials. Bamboo is a grass (not a tree) that undergoes only vertical growth without
radial growth. The stem is hollow, tapered, and branched. The parts of the stem
are usually labeled as books and internodes. Nodes are diaphragms consisting of
fibers that change direction. Internodes are essentially hollow tubes with oriented
cell axes. Typically, the wall of a bamboo culm consists of parenchyma cells (50%),
fiber bundles (40%), and conducting tissue (10%). Its mechanical properties are supe-
rior to many softwood species. Traditionally, Bamboo has been used as the primary
load-bearing material for low-rise construction in rural or remote areas, wherever it
is easy to find and exploit [53]. In this regard, Bamboo has raised concerns due to
its flammability and mechanical performance when exposed to high temperatures.
Findings from this study showed that at 200∘C, bamboo retained 20%, 42%, and
70% of its compressive strength, tensile strength, and elastic modulus, respectively
[54]

4.1. What is Ethnophysics

Indigenous science is sometimes called ethnoscience, the knowledge system a particu-
lar culture develops to classify objects, activities, and events in nature. Interpreting local
life works when viewed through the periscope of a particular culture. The knowledge
indigenous to a particular culture and related to natural objects and events thus has the
potential to have the same branches as Western science. It means that the branches
of ethnoscience include ethnochemistry, ethnophysics, and ethno-agriculture. In sum-
mary, ethnoscience is knowledge derived from the norms and beliefs of a particular
indigenous community that influences its members’ interpretation and understanding
of the natural world [55]. Ethnophysics is associated with physics learning through local
wisdom. Local culture can be brought into learning physics contextually so that students
directly learn from environmental phenomena and conditions. The characteristics of
ethnophysics link the culture of a region in physics learning processes, both as teaching
materials and as learning processes. This, of course, impacts student learning outcomes
so that students can easily understand physics concepts contained in regional culture.
Ethnophysics deals with knowledge derived from culture, which can be the basis for
building a reality emphasizing the relationship between culture and physics knowledge.
Learning physics is also near ethnophysics, which is related to learning physics with
the culture in the area and is a heritage passed down from generation to generation
[56].
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Ethnophysics is found mainly in African/non-European literature because it is African
literature. Ethnophysics refers to an indigenous knowledge system incorporating ele-
ments of what Western societies call mathematics, engineering, astronomy, and cal-
endars [57]. Introducing ethno-physics into the school curriculum will develop the
practice of indigenous and cosmopolitan knowledge models that will bring a balanced
process of development and change. Integrating ethnophysics into the school cur-
riculum will develop students’ skills in music, traditional food or drink-making skills,
and manufacturing of items of high economic value from local materials [58]. Culture
has a strong influence on learners’ background knowledge. The formation of a mean-
ingful learning environment is determined by the cultural background that teachers
bring into the classroom. Various studies claim that learners with cultural backgrounds
find science too abstract because it is mainly taught with Western influences [59].
Ethnophysics is one of the new fields of study in Indonesia. This can be evidenced
by the many local wisdoms of indigenous people that have yet to be explored in
research or learning regarding students’ academic development and their love of
culture. Therefore, in the future, it can be explored more in research and cultural
festivals or developed in the school curriculum related to the ethnophysics of the
islands in Indonesia or Maluku so that they are not endangered due to globaliza-
tion.

4.2. Ethnophysics of Islands: Nasi Bambu Pulut Dusun Kusu-Kusu
Sereh

In the hidden delights of Kusu-Kusuh Sereh Hamlet, there is a food that is so tempting,
namely Nasi Bambu Pulut. This meal, a specialty with the fragrant aroma of red bean rice
wrapped in banana leaves, promises a delicacy that captivates diners’ hearts. An alluring
touch of tradition, Nasi Bambu Pulut brings authentic flavors and incomparable pleasure.
Richly spiced red beans are combined with the abundant fragrance of bananas, creating
a perfect blend of chewy texture and delicious flavor. The cultural heritage and warmth
of Kusu-Kusu Sereh Hamlet have a unique sensation that will make everyone who enjoys
it long for it again and again. The field study results show that the production center of
Nasi Bambu Pulut in Kusu-Kusu Sereh Hamlet is centered on Wapang, Malamang, and
Laweru. Martavina Totnear is one of the great women who has been in this profession
for approximately 25 years. She also pursued the making of Nasi Bambu Pulut from
the upbringing of her mother-in-law (Mother of husband), one of the women famous for
making nasi bambu pulut. Martavina Totnear, usually called Mama Ata, is a woman from
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Southwest Maluku, more precisely Moa Island, Klis Village. She migrated to Ambon in
the 90s at 15 and initially worked in a coffee house. Over time, she met a man who
is now her husband. Her husband comes from Kusu-Kusu Sereh Hamlet. Nasi Bambu
Pulut is produced every day except Sundays; usually, 25-30 bamboos measuring 80-100
cm are burned and, when cut, can produce 250-300 pieces of Nasi Bambu Pulut. The
burning process takes place at night, and it is sliced in the morning around 4 o’clock.
Then, they leave the house to go to the Mardika market to sell Nasi Bambu Pulut at
around 5:30. Selling Nasi Bambu Pulut starts from 6:00-12:00.

Nasi Bambu Pulut is made from sticky rice, a local food in Southeast Asian countries.
It has been adapted into various dishes, including Nasi Bambu. Nasi Bambu is named in
different countries: Paung Din in Myanmar, Kralan in Cambodia, Khao Lam in Thailand
and Laos, Com Lam in Vietnam, and Lemang in Malaysia, Singapore, and Indonesia.
Therefore, they shared Nasi Bambu as cultural food. Today, local food is a cultural
value, a marker of identity, and a central relation of family, community, ethnic group,
or nationality, changing with time and place. The government developed Nasi Bambu
into a commercial local product, and the tourism sector supports it well in Vietnam
and Thailand (Afrilla et al., 2020). In the Jambi area, Nasi Bambu Pulut is known
as lemang bambu. Lemang Bambu is a traditional food typical of the Malay tribe in
Sumatra made from glutinous rice cooked in Bamboo. The culture of melemang (making
lemang bambu) is one of the traditions of the Jambi people that has been passed
down from generation to generation. Lemang bambu is usually served at traditional
events, wedding parties, holidays, and as a break-fasting meal during the holy month of
Ramadan [61]. It has become a challenge for traditional traders with the emergence of an
eating-out culture in modern society, with McDonald’s, KFC, and Burger King restaurants
lining high-traffic streets and shopping malls [62]. Therefore, we are all responsible for
maintaining traditional specialties with high health values and local wisdom. Therefore,
it continues to be introduced to the current generation to remain sustainable. Moreover,
the current generation prefers fast food that looks cooler when eaten in luxurious places.
However, the health value of the meal cannot be adequately guaranteed compared to
traditional meals.

5. Conclusions

Based on the findings, analysis, and discussion, students experienced misconceptions
in the high percentage category. This finding has important practical implications.
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Educators should be aware of possible misconceptions about heat transfer mecha-
nisms that must be addressed. Otherwise, misconceptions will continue throughout
the students’ studies and beyond during their professional lives. This emphasizes the
importance of prevention against prospective teachers entering their professional lives
with misconceptions of the concept. Future findings should also investigate the long-
term impact of this teaching intervention, such as concept retention and the ability to
apply concepts in the workplace. The ethnophysics curriculum is part of the experiential
learning that students are expected to achieve; teachers should, therefore, provide
opportunities for students to understand the critical reciprocal relationships among
science, technology, society, and the cultural environment.
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