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A culturally responsive teaching approach is an important strategy for fostering
meaningful learning by integrating learning materials with cultural contexts to improve ARTICLE
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16 universities in the Sulawesi region, Indonesia. The data collection instrument was a
closed-ended Likert-scale questionnaire that had undergone expert validation. The
results of the analysis indicated that culturally responsive teaching had a significant
effect in increasing cultural literacy, environmental literacy and social attitudes, all of
which had a positive impacted biology problem solving.
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Introduction

Culturally responsive teaching (CRT) emphasizes the integration of students’ cultural

references, experiences and backgrounds into all aspects of the learning process (Gay, 2002). By
connecting students’ cultural backgrounds with instructional practices, CRT can promote more
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meaningful and relevant learning experiences (Villegas & Lucas, 2002). The integration of culture into
education can also strengthen students’ academic understanding while fostering social awareness and
appreciation of cultural diversity (Banks & Banks, 2019). A deeper understanding of learning materials,
therefore, is important not only for developing academic competence but also for fostering critical
thinking and cross-cultural empathy, which are essential competencies in increasingly multicultural
educational contexts (Suprapto et al.,, 2024). These perspectives indicate that culturally responsive
learning should move beyond the inclusion of cultural content as supplementary material and instead
position students’ cultural knowledge and experiences as resources for constructing meaningful
knowledge.

The importance of culturally responsive learning is increasingly relevant in the context of
globalization and digitalization. Contemporary education is expected to equip learners with complex
thinking skills, social competencies and digital literacy to respond effectively to rapid socio-cultural and
technological changes (Gonzalez-Pérez & Ramirez-Montoya, 2022). At the same time, globalization may
create challenges for the continuity of traditional knowledge and cultural identities. Education, cultural
documentation, community participation, and supportive policies are therefore important in
maintaining traditional identities in the 21st century (Hiswara et al., 2023). Within education, this effort
can be realized by integrating local cultural values, traditional knowledge and local wisdom into
learning activities. Such integration enables students to recognize the relevance of their cultural heritage
while connecting it with contemporary scientific knowledge and real-life challenges.

The integration of culture into science education is particularly important because scientific
concepts are often taught in abstract forms that may be disconnected from students’ everyday
experiences. Connecting scientific knowledge with local contexts can provide meaningful entry points
for students to understand concepts, interpret phenomena and apply knowledge to problems in their
surroundings. In biology education, local plants and their uses represent a particularly relevant cultural
context because communities possess diverse knowledge concerning plant identification, utilization,
traditional medicine, food, rituals and environmental management. Bringing such knowledge into the
learning process can create opportunities for students to compare local knowledge with scientific
explanations, identify similarities and differences and develop a more contextual understanding of
biological concepts. Thus, culturally responsive approaches have the potential to position local cultural
knowledge not merely as an illustration but as a starting point for scientific inquiry and knowledge
construction.

This perspective is closely related to the development of cultural literacy, environmental
literacy, social attitudes and biology problem solving. Cultural literacy enables learners to understand,
interpret and appreciate cultural knowledge and practices, while environmental literacy supports their
ability to understand environmental issues and make responsible decisions (Hungerford & Volk, 1993).
Social attitudes are also important because learning requires students to interact, collaborate, respect
different perspectives and take responsibility within their social environment. Meanwhile, problem
solving enable learners to identify problems, analyze causes, evaluate alternatives and formulate
appropriate solutions (Parkin et al., 2004). These competencies are not independent; rather, they can
reinforce one another when learning is designed around authentic cultural and environmental contexts.

The relationship among these competencies becomes particularly evident when students are
engaged in biological problems that emerge from their immediate cultural and environmental
surroundings. For example, learning about local plants can involve students in identifying species,
investigating their traditional uses, examining their ecological significance and considering potential
threats to their sustainability. Such activities require students to mobilize cultural knowledge, scientific
understanding, environmental awareness, social interaction and higher-order thinking simultaneously.
Students’ ability to analyze, evaluate and solve biological problems therefore requires not only cognitive
competence but also an understanding of cultural and environmental contexts and the capacity to
collaborate and act responsibly in social settings. This suggests that culturally responsive learning has
the potential to provide an integrated learning environment for developing multiple competencies
rather than addressing them separately.
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Nevertheless, the integration of local culture into biology learning remains challenging.
Learning materials frequently emphasize scientific concepts while providing limited opportunities for
students to connect these concepts with the cultural knowledge and experiences present in their
communities. As a result, students may understand biological concepts at a theoretical level but have
fewer opportunities to recognize their relevance to local environmental and cultural issues. Digital
learning resources provide an opportunity to address this gap because they can integrate text, images,
videos, interactive activities, local examples and contextual problems within a single learning
environment. When designed according to culturally responsive principles, digital materials can
facilitate independent learning while simultaneously connecting scientific knowledge with students’
cultural experiences.

Taken together, the literature suggests that culturally responsive learning can serve as an
important pedagogical foundation for connecting students’ cultural backgrounds with scientific
learning and for developing broader competencies needed in the 21st century. However, the literature
also indicates a need for learning resources that systematically integrate cultural knowledge with
biological concepts while simultaneously fostering cultural literacy, environmental literacy, social
attitudes and biology problem solving. This gap is particularly relevant in plant taxonomy, a field that
can be closely connected to local biodiversity and community knowledge of plants. Therefore,
developing an e-module based on culturally responsive teaching (CRT) for plant taxonomy represents
a promising approach to bridge scientific knowledge with local cultural knowledge and to provide
students with contextual learning experiences that support the development of interconnected
cognitive, cultural, environmental and social competencies.

Preliminary observations and analyses of learning activities and assessment results indicates that
students’ biology problem solving, cultural literacy, environmental literacy and social attitudes
indicated low levels according to established indicators. In biology learning, assessment results
indicated that many students had difficulty identifying biological problems, applying relevant concepts
and analyzing data to formulate solutions. In terms of cultural literacy, students demonstrated limited
knowledge of cultural diversity, insufficient understanding of local and global cultural contexts and
low ability to communicate across cultural differences. Environmental literacy assessments indicated
low awareness of environmental issues and limited engagement in environmentally responsible
behaviors.

Furthermore, observations of learning interactions revealed low levels of empathy, a high degree
of individualistic behavior and minimal participation in collaborative or socially oriented activities.
These findings indicate gaps in students” higher-order thinking skills, social awareness and engagement
with real-world biological and environmental issues. CRT emphasizes the importance of linking
students' experiences and cultural values to the learning process, making it easier for them to
understand and apply concepts in biology problem solving.

The objective of this study is to examine the effect of culturally responsive teaching (CRT) on
students’ biology problem solving and to investigate the mediating roles of cultural literacy,
environmental literacy and social attitudes. The contribution of this research lies in its interdisciplinary
framework, which integrates biology education, cultural literacy, environmental literacy, social
attitudes and biology problem solving within the context of CRT. This study offers a comprehensive
model that explains the relationships among these variables, which have often been examined
separately in previous research.

Based on the proposed conceptual framework, the research questions are formulated as follows:

1. How does culturally responsive teaching influence students’ cultural literacy, environmental

literacy and social attitudes?

2. How do cultural literacy, environmental literacy and social attitudes influence students’

biology problem solving?

3. How does culturally responsive teaching influence students’ biology problem solving?

4. To what extent do cultural literacy, environmental literacy, and social attitudes mediate the

relationship between culturally responsive teaching and students’ biology problem solving?
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Literature Review

Biology Education and Problem Solving

Biology education is expected not only to transfer factual knowledge but also to cultivate
students’” problem solving, environmental awareness and social attitudes that support responsible
scientific action (Gay, 2018; Guerrero, 2020). Conventional curricula often remain abstract and
disconnected from students’ lived experiences, limiting the development of higher-order thinking skills.
Embedding cultural and environmental contexts into biology learning enhances relevance, motivation
and engagement, which in turn contribute to better problem solving outcomes.

Problem solving skills are central to learning, reflecting critical, analytical and creative thinking
abilities necessary to address real-world challenges. Students with well-developed problem solving can
identify problems, gather and analyze information, evaluate alternatives and propose solutions based
on scientific reasoning (Mahanal et al., 2022; Nurhayati et al., 2023; Sari et al., 2021). These skills are
particularly important for addressing environmental challenges, applying biological knowledge and
making decisions that consider ethical, social and ecological implications.

In biology education, connecting learning with students’ environmental and cultural experiences
can make biological problems more meaningful and encourage students to relate scientific concepts to
issues in their surroundings. These findings suggest that biology problem solving can be strengthened
when learning integrates cognitive processes with contextual, environmental, cultural and social
dimensions. However, the extent to which culturally responsive teaching contributes to biology
problem solving, particularly through cultural literacy, environmental literacy and social attitudes,
remains insufficiently explored. This gap provides a basis for examining the relationships among these
variables in the present study.

Culturally Responsive Teaching (CRT)

CRT views students’ cultural backgrounds as pedagogical assets, linking academic content with
cultural practices, values and lived experiences (Gay, 2018; Villegas & Lucas, 2002). Research indicates
that CRT increases engagement, strengthens identity and improves academic performance in science
classrooms (Barron et al., 2021). In biology education, CRT has been implemented in laboratory-based
instruction and higher education contexts to promote inclusivity and deepen conceptual understanding.

Previous studies have shown that culturally responsive learning can support biology problem
solving by providing meaningful contexts in which students connect academic concepts with their prior
knowledge, cultural experiences and community practices. Keehne et al. (2018) reported that
incorporating students’ cultural experiences into learning can promote engagement and create
opportunities for students to develop reasoning and problem solving. Similarly, Rahmawati et al. (2023)
and Indarwati et al. (2024) found that culturally contextualized learning encouraged students to analyze
real-life problems, relate scientific concepts to their surroundings and develop appropriate solutions.

These findings suggest that CRT may contribute to biology problem solving not only by
improving students’ understanding of subject matter but also by making learning more relevant and
encouraging students to draw on culturally situated knowledge when addressing problems.
Nevertheless, existing studies have largely focused on learning engagement, conceptual understanding,
or general higher-order thinking, while empirical evidence examining the direct effect of CRT on
measurable biology problem solving abilities remains limited. Therefore, further investigation is needed
to determine whether CRT can directly enhance students’ biology problem solving abilities and how
this effect may be associated with other competencies developed through culturally responsive
learning.
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Cultural Literacy

Cultural literacy is defined as the ability to recognize, interpret and apply cultural knowledge in
learning (Maine et al., 2019; Ochoa et al., 2018). It enables students to contextualize scientific content
within familiar cultural narratives and practices. Incorporating cultural perspectives into biology
problem solving tasks, such as local agricultural techniques, community health beliefs, or indigenous
ecological knowledge, enhances conceptual understanding and critical thinking (Gay, 2018). In biology
education, this connection is particularly relevant because local knowledge of plants, agriculture, health
and the environment can provide authentic contexts for understanding biological concepts and
addressing real-world problems.

Cultural literacy may therefore contribute to biology problem solving by helping students
recognize the cultural dimensions of a problem, integrate multiple perspectives, and formulate
solutions that are scientifically appropriate while remaining relevant to the local context. However,
most previous studies have examined cultural literacy as an educational or sociocultural outcome,
rather than investigating its role as a mechanism through which culturally responsive teaching
contributes to students’ biology problem solving abilities. This indicates a research gap concerning the
mediating role of cultural literacy in the relationship between CRT and biology problem solving.

Environmental Literacy

Environmental literacy encompasses knowledge of ecological systems, pro-environmental
attitudes and the skills needed for responsible decision-making (McBeth & Volk, 2010; McBride et al.,
2013). Both formal and non-formal education significantly influence environmental awareness and
behavior (Syamsiah et al., 2024). Problem-based learning (PBL) in environmental contexts has been
shown to enhance ecological understanding and the ability to apply biological knowledge to real-world
problems (Hollweg et al., 2011; Lewinsohn et al., 2019). Environmental literacy provides a meaningful
context for assessing biology problem solving because addressing ecological challenges requires
analyzing evidence, evaluating alternatives and making ethically informed decisions.

These findings suggest that environmental literacy can contribute to biology problem solving by
providing students with the knowledge, awareness and decision-making skills required to address
complex ecological problems. However, previous research has more frequently examined
environmental literacy as an outcome of environmental education or as a predictor of environmental
behavior, while its role in the relationship between culturally responsive teaching and biology problem
solving has received limited empirical attention. This gap highlights the need to investigate whether
environmental literacy mediates the effect of CRT on students’” biology problem solving.

Social Attitudes

Social attitudes including empathy, cooperation, social responsibility and respect for collective
norms, are essential for collaborative scientific problem solving (Bustami et al., 2017; Martinez et al.,
2020). Culturally responsive learning environments, these attitudes can be strengthened because
students’ identities, experiences and cultural perspectives are recognized and valued, creating
opportunities for respectful interaction and inclusive classroom discourse. Such social interactions are
particularly important in biology problem solving, where students may need to negotiate different
interpretations of a problem, evaluate alternative solutions and reach decisions collaboratively.

Thus, social attitudes may contribute to biology problem solving by supporting effective
communication, collaboration and responsible decision-making. However, previous studies have
predominantly examined social attitudes as outcomes of inclusive or culturally responsive education,
with limited attention to their potential role as a mediator linking CRT with students’ biology problem
solving. This gap warrants further investigation into whether social attitudes function as an important
pathway through which CRT contributes to the development of biology problem solving.
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Integration of CRT, Literacy and Social Attitudes in Problem Solving

Recent studies provide evidence that culturally responsive approaches can support multiple
dimensions of science learning. Culturally responsive and sustaining pedagogies can connect students’
cultural experiences with scientific knowledge and create more inclusive science learning environments
(Smith et al., 2022). Empirical research has also shown that problem-based culturally responsive
learning can significantly improve students’ critical thinking and cultural literacy (Ernawati et al., 2026),
while culturally responsive transformative teaching has been found to significantly enhance
environmental literacy (Wijayanti et al., 2025). In addition, ethnoscience-based learning can strengthen
critical thinking and cultural literacy by connecting scientific concepts with local knowledge and
cultural practices (Atmojo et al.,, 2025). These findings suggest that CRT, cultural literacy and
environmental literacy can complement one another in developing students’ capacity to understand
and solve contextual scientific problems. However, previous studies have generally examined these
competencies separately or in limited combinations and empirical evidence concerning their
interconnected relationships with social attitudes and biology problem solving remains limited.
Therefore, examining these relationships within a single model may provide a more comprehensive
understanding of how culturally responsive biology education develops students’ cognitive, cultural,
environmental and social competencies.

Methods
Research Design

This study employs non-experimental quantitative methods (Hair et al., 2021), involving
systematic data collection and analysis, to examine the influence of the CRT approach on students’
biology problem solving mediated by cultural literacy, environmental literacy and social attitudes. Data
were collected using a cross-sectional design to investigate the relationships between the
implementation of CRT in learning and students’ cultural literacy, environmental literacy, social
attitudes and biology problem solving.

Participants and Research Implemention

The participants in this study were undergraduate students from the biology education and
biology programs at various state and private universities in the Sulawesi region of Indonesia. The
respondents in this research were active students in semesters 2, 4, 6 and 8, as the study was conducted
during the even semesters. The research sample was randomly selected and consisted of 302 students,
comprising 42 males and 260 females. A total of sixteen universities participated in the study, all offering
degree programs in the two fields of Biology Education and Biology. This study employed a survey
method to identify the levels of cultural literacy, environmental literacy, social attitudes and biology
problem solving among undergraduate students.

Research Instrument

This research used a questionnaire containing 31 statements across 5 variables. Questionnaire
statements were developed based on a review of the relevant literature (Androsov & Zhang, 2023;
Bustami et al., 2017; Halbert & Chigeza, 2015; McBeth & Volk, 2010; Shahat et al., 2013), as show in
Appendix. The questionnaire used was a closed-ended instrument presented as a list of statements with
answer choices on a four-point Likert scale: Strongly Agree, Agree, Disagree and Strongly Disagree. The
questionnaire went through validated by academic experts for item relevance and alignment with the
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research variables. All items met the validity criteria, with scores ranging from 4.25 to 4.50 (= 4.0), while
the reliability analysis showed Cronbach’s alpha values ranging from 0.730 to 0.910 (= 0.70), indicating
adequate validity and reliability. The questionnaire used consisteds of two parts: the respondent's
identity and statement items.

Data Analysis

The study structural equation modeling (SEM) using SmartPLS 3.3.2. This method is suitable for
testing the relationships between independent and dependent variables (Hair et al., 2019). The SEM
approach was used to examine the relationships among the CRT approach, cultural literacy,
environmental literacy, social attitudes, and biology problem solving abilities. Validity was assessed
using outer loadings (>0.60) (Ghozali & Latan, 2015). Reliability and internal consistency were evaluated
through Cronbach’s alpha (>0.70), tho A (>0.70), composite reliability (>0.70) and convergent validity
using the average variance extracted (AVE >0.50). Discriminant validity was assessed using the Fornell-
Larcker criterion and cross-loadings (Barclay & Thomson, 1995; Hair et al., 2019). According to the
Fornell-Larcker criterion, the square root of the AVE for each construct (on the diagonal) must exceed
its correlations with other constructs (Fornell & Larcker, 1981; Hair et al., 2019). Additionally, each cross-
loading should be highest for its respective construct compared to other constructs (Hair et al., 2021).
The internal consistency benchmark ranges from 0 to 1. T-tests and F-tests via bootstrapping were
performed to determine the significance of path coefficients in the structural model (T > 1.96 and p <
0.05) at a 95% confidence interval with 5,000 subsamples (Henseler, 2012).

Finding

Based on the results of the SEM analysis, the outer loading values for each variable item which is
a student perception indicate that of the 31 statements, 11 did not exceed the threshold of 0.60. This
suggests that these items failed to represent the constructs being measured adequately. This could be
due not only to inconsistencies in respondents” answers but also to factors such as ambiguous statement
wording, misinterpretation of items, or insufficient alignment of certain items with the underlying
constructs. The highest outer loading value for each variable item was observed for CRT2 (0.860), CLL5
(0.863), ELL3 (0.843), SOC4 (0.890) and PROS (0.828). The values obtained for Cronbach's alpha, tho A
and composite reliability for each variable exceed the minimum threshold (0.70) so it can be concluded
that the reliability is in the good category. The AVE convergent validity assessment demonstrates that
the AVE is greater than 0.50, indicating that the convergent validity criterion is met. In detail, the results
of the outer loading analysis, Cronbach's alpha, rho A, composite reliability and AVE are depicted in
Table 1.

Table 1

The results of the reflective measurement model analysis

Variable Item variables Ou.ter Cronbach’s Rho A COI.‘npf)?lte AVE
loadings alpha reliability
Culturally Responsive CRT1 0.850 0.788 0.791 0.876 0.702
Teaching CRT2 0.860
CRT3 out
CRT4 0.803
Cultural CLL1 out 0.848 0.854 0.898 0.688
Literacy CLL2 out
CLL3 0.775
CLL4 0.847
CLL5 0.863
CLL6 0.830
CLL7 out
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Environmental Literacy ELL1 0.818 0.712 0.723 0.839 0.636

ELL2 out

ELL3 0.842

ELL4 0.727
Social SOC1 out 0.891 0.900 0.921 0.702
Attitudes S0C2 0.678

SOC3 0.838

SOC4 0.890

SOC5 0.881

SOCo6 0.882

S0C7 out

SOC8 out
Problem PRO1 0.794 0.844 0.847 0.889 0.615
Solving PRO2 0.769

PRO3 out

PRO4 0.765

PRO5 out

PRO6 0.765

PRO7 out

PROS8 0.828

Table 2 presents an assessment of the discriminant validity of each variable using the Fornell-

Larcker approach. According to the Fornell-Larcker criteria, the square root of AVE for culturally
responsive teaching (0.838) is higher than that for cultural literacy (0.540), social attitudes (0.499),

environmental literacy (0.484) and biology problem solving (0.424). This indicates that the constructs
demonstrate adequate discriminant validity, as each variable explains more variance within its own

indicators than it does across indicators of other constructs in the model.

Table 2

Descriptive correlation between variables and AVE (Fornell-Larcker criterion)

Variable CRT CLL ELL SOC PRO
CRT 0.838
CLL 0.540 0.829
ELL 0.484 0.657 0.797
SOC 0.499 0.655 0.678 0.838
PRO 0.424 0.553 0.644 0.660 0.784

Cross-loadings for all variables are presented in Table 3 which shows that each item correlates
strongly with its main variable. This finding indicates that each variable has greater variance across
measurement items. Overall, discriminant validity for each measurement item was established.

Table 3

Item variable (indicator) cross-loading

CRT CLL ELL SOC PRO
CRT1 0.850 0.488 0.401 0.408 0.352
CRT2 0.860 0.431 0.436 0.470 0.376
CRT4 0.803 0.439 0.378 0.373 0.337
CLL3 0.388 0.775 0.499 0.480 0.430
CLL4 0.425 0.847 0.522 0.505 0.412
CLL5 0.502 0.863 0.527 0.562 0.473
CLL6 0.465 0.830 0.621 0.611 0.510
ELL1 0.415 0.561 0.818 0.567 0.528
ELL3 0.461 0.593 0.842 0.554 0.519
ELL4 0.264 0.402 0.727 0.498 0.496
SOC2 0.387 0.427 0.402 0.678 0.489
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SOC3 0.439 0.525 0.573 0.838 0.577
SOC4 0.435 0.565 0.581 0.890 0.563
SOC5 0.418 0.609 0.626 0.881 0.572
SOC6 0.414 0.599 0.629 0.882 0.559
PRO1 0.390 0.445 0.566 0.513 0.794
PRO2 0.297 0.351 0.418 0.460 0.769
PRO4 0.288 0.491 0.528 0.532 0.765
PRO6 0.312 0.408 0.462 0.516 0.765
PRO8 0.368 0.459 0.535 0.558 0.828

These results indicatesd that based on the correlation results, culturally responsive teaching
(CRT) positively influences students’ cultural literacy (CLL), environmental literacy (ELL), social
attitudes (SOC) and biology problem solving (PRO), with the strongest effects observed for cultural
literacy and social attitudes and relatively lower effects for biology problem solving. Cultural literacy,
in turn, significantly impacts environmental literacy, social attitudes and biology problem solving,
serving as an important mediator in students’ learning outcomes. Environmental literacy also
contributes positively to social attitudes and biology problem solving, while social attitudes, in turn,
have a substantial effect on biology problem solving. Overall, the findings suggest that CRT indirectly
enhances students’ biology problem solving by influencing cultural literacy, environmental literacy and
social attitudes, highlighting the interconnected roles of cognitive, cultural and social dimensions in the
development of students’ competencies.

The results of the R-squared analysis indicated that the contribution of culturally responsive
teaching to cultural literacy was 29.1%, the contribution of culturally responsive teaching and cultural
literacy to environmental literacy was 45.5% and the contribution of culturally responsive teaching,
cultural literacy and environmental literacy towards social attitudes was 54.8%. In contrast, the
contribution of culturally responsive teaching, cultural literacy, environmental literacy and social
attitudes towards biology problem solving was 51.2%. These results indicate that while the influence
between the variables is relatively strong, other factors also contribute to enhancing students' biology
problem solving.

Table 4 presents a summary of descriptive and inferential statistics for the measured variables,
including means, standard deviations, t-values and p-values. These statistics provide an overview of
the central tendency, variability and significance of the observed data, facilitating the interpretation of
the relationships and differences among the variables.

Table 4

Data description: Mean, standard deviation, T-values and p-values

Original Sample ~ Sample Mean Standard Deviation T Statistics

©) M) (STDEV) (IO/STDEV 1) P Values
CRT -> CLL 0.540 0.539 0.071 7.610 0.000
CRT > ELL 0.183 0.184 0.065 2.829 0.005
CRT ->SOC 0.132 0.134 0.053 2.494 0.013
CRT -> PRO 0.042 0.045 0.059 0.709 0.479
CLL->ELL 0.558 0.559 0.065 8.631 0.000
CLL ->SOC 0.318 0.320 0.065 4.908 0.000
CLL ->PRO 0.076 0.079 0.066 1.139 0.255
ELL - SOC 0.405 0.401 0.063 6.399 0.000
ELL -> PRO 0.324 0322 0.068 4776 0.000
SOC -> PRO 0.370 0.366 0.062 5.979 0.000

Figure 2 illustrates the structural model showing the relationships among culturally responsive
teaching (CRT), cultural literacy (CLL), environmental literacy (ELL), social attitudes (SOC) and biology
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problem solving (PRO). The model presents the path coefficients between latent constructs and their
observed indicators, highlighting both direct and indirect effects of CRT on students’ competencies in
biology problem solving, literacy and social attitudes.

Figure 2
SEM analysis results (Source: SmartPLS 3.3.2)
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Discussion

The analysis indicates the relationships between culturally responsive teaching (CRT) and
various aspects of student learning. CRT demonstrates notable associations with cultural literacy (CLL),
environmental literacy (ELL) and social attitudes (SOC). In contrast, the direct effect of CRT on students’
biology problem solving (PRO) appears to be low and not statistically significant, suggesting that any
influence of CRT on biology problem solving may occur indirectly through variables such as CLL, ELL
and SOC. Overall, the findings highlight how CRT is connected to multiple dimensions of learning, with
potential indirect pathways affecting students” biology problem solving.

In more detail, CRT demonstrates a significant influence on cultural literacy, environmental
literacy and social attitudes (p < 0.005). This occurs because CRT links the subject matter to students'
local cultural contexts. encouraging active involvement, cross-cultural understanding and sensitivity to
environmental and social issues. Hutchison & McAlister-Shields (2020) observe that CRT helps students
strengthen their cultural identity and integrate it into the learning process. creating a sense of ownership
and relevance in what they learn. Blanchet-Cohen & Reilly (2013) argue that embedding local values
and cultural perspectives in biology education increases students' awareness of the ecological impact of
both traditional and modern practices, leading to stronger engagement in sustainable action. Similarly,
Nurbatra & Masyhud (2022) found that CRT fosters student agency by providing flexibility in choosing
culturally relevant topics and promoting inclusive discussions across diverse backgrounds.

Furthermore, the findings demonstrate that cultural literacy significantly influences both
environmental literacy and social attitudes (p < 0.005). Students who are familiar with local norms,
traditions and wisdom tend to respect biodiversity, conserve natural resources and appreciate
multicultural coexistence. Veisi et al. (2018) demonstrated that cultural and social dynamics shape
students” environmental awareness and their behaviors toward ecological preservation. Similarly,

464



Nurlia, B, Syamsiah, Karim, & Bin Jamaluddin, 2026

Leung et al. (2011) highlighted that individuals’ understanding of environmental issues is deeply
embedded in their sociocultural frameworks, affecting how they interpret and respond to ecological
knowledge. In line with this, Jegede & Fraser (1989) emphasized that socio-cultural values influence
students’ dispositions toward science learning, thereby affecting their motivation and readiness to
apply scientific concepts in real-life contexts.

Environmental literacy, in turn, has a significant effect on both social attitudes and biology
problem solving (p < 0.005). This suggests that students comprehend the interconnections between
human activity and environmental systems. They not only develop environmentally responsible
behaviors but also cultivate collaborative and empathetic social attitudes. Such dispositions prepare
students to approach complex problems holistically, incorporating ecological, cultural and social
perspectives. Consequently, this nurtures higher-order biology problem solving that are contextualized
and sustainable. Tran et al. (2024) support this conclusion by showing that integrating social issues into
the biology curriculum increases both student engagement and the application of biological knowledge
to real-world challenges. Wahyuningtyas (2022) also emphasizes that culture-based instructional
modules can enhance relevance and stimulate critical reflection, serving as an effective strategy for
bridging cultural experiences and scientific inquiry.

The results further indicate that social attitudes significantly affect biology problem solving (p <
0.005). This finding indicates that students who are more open to diverse perspectives, empathetic
toward others and collaborative in nature are better equipped to address complex, multidimensional
problems. These interpersonal and intrapersonal qualities complement cognitive skills in devising
effective and innovative solutions. Therefore, social attitudes serve as an important mediating bridge
between culturally responsive pedagogy and the cultivation of higher-order thinking skills.

The study also indicates that CRT and cultural literacy do not directly influence biology problem
solving (p > 0.005). This outcome suggests that while CRT and CLL lay the foundation for identity
development, inclusivity and empathy. They may not directly train students in analytical reasoning or
systematic problem solving. Instead, their role is more supportive, shaping dispositions and contextual
awareness that subsequently facilitate biology problem solving through other mediating competencies
such as environmental literacy and social collaboration. The absence of a direct effect may also reflect
instructional design, in which CRT-based activities tend to emphasize awareness, discussion and
cultural engagement rather than explicit practice in logical reasoning or biology problem solving.

However, evidence from previous studies indicates that integrating CRT is integrated with more
strategy-oriented approaches. such as problem-based learning (PBL), it can significantly enhance
students’ biology problem solving. Ernawati et al. (2024) demonstrated that the synergy between CRT
and PBL creates an inclusive and contextualized learning environment that simultaneously strengthens
cultural literacy, fosters critical thinking and improves biology problem solving. This implies that CRT
alone may not be sufficient to develop biology problem solving directly. However, it becomes highly
effective when combined with active learning models that emphasize inquiry, critical reflection and
real-world application.

Taken together, the literature indicates that CRT can strengthen students’ cultural literacy,
environmental literacy and social attitudes by connecting scientific learning with their cultural
experiences, local environments and social interactions (Ladson-Billings, 1995; Gay, 2018; Aronson &
Laughter, 2016). These competencies are interconnected with problem solving because students need to
interpret contextual information, analyze evidence, consider different perspectives and develop
responsible solutions to biological and environmental problems (McBride et al., 2013; Freeman et al.,
2014; Tanner, 2017). Thus, integrating CRT with inquiry- or problem-based learning may enhance both
the socio-cultural relevance and cognitive demands of biology learning. However, limited empirical
research has examined the relationships among CRT, cultural literacy, environmental literacy, social
attitudes, and biology problem solving simultaneously, highlighting the need for an integrated model
of culturally responsive biology education.
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Conclusion and Limitations

Based on the results of the analysis. It can be concluded that culturally responsive teaching (CRT)
has a significant influence on students' cultural literacy, environmental literacy and social attitudes.
However, its influence on biology problem solving is indirect. The significant influence of CRT on
cultural literacy facilitates students' active involvement and contextual understanding of cultural and
environmental values, thus encouraging the formation of social attitudes and environmental literacy.
Strong cultural literacy has been shown to contribute significantly to environmental literacy and social
attitudes. At the same time, environmental literacy and social attitudes play an important role in
significantly improving students' biology problem solving. Even though CRT and cultural literacy do
not directly show a significant influence on biology problem solving, this approach remains relevant
because it can create a foundation of values and an inclusive learning context, which, when combined
with strategies such as problem-based learning (PBL), proves to be effective in fostering critical thinking
skills and sustainable biology problem solving.

This study has several limitations that may affect the generalizability and interpretation of the
findings. The limitations of the study, namely, first, the use of a cross-sectional survey design limits the
ability to capture the dynamics of change or long-term causal relationships between variables. Second,
the sample included 16 universities in Sulawesi; the results may not generalize to other regions in
Indonesia with different levels of cultural diversity. In addition, the data were obtained entirely through
a closed questionnaire, which may limit the depth of understanding of students' experiences and
perceptions of the application of CRT in the learning context.
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Appendix

Statement of each variable in the research instrument

Item Variables Item Statement
CRT1 The classroom learning environment supports the diversity of students' cultures and backgrounds.
.CRT2 The learning methods used by lecturers help develop students' knowledge and skills.
CRT3 Students are not allowed to relate the learning material to their cultural background.
CRT4 Classroom learning helps me see the relationships between subject matter and cultural values.
CLL1 I understand that culture influences the way students respond to learning materials.
CLL2 I am not able to analyze the cultural bias that appears in the learning process.
CLL3 I am interested in learning about other cultures through learning in class.
CLL4 I appreciate the cultural differences that my classmates bring to the learning process.
CLL5 Cultural diversity enriches the learning experience in the classroom.
CLL6 I can interact with classmates from other cultures without causing misunderstandings.
CLL7 I do not feel responsible for helping create an inclusive learning environment.
ELL1 I understand basic environmental concepts. such as climate change. recycling. and biodiversity
ELL2 I am unable to analyze environmental problems and formulate effective solutions.
ELL3 I care about environmental issues and contribute to preserving nature.
ELL4 I actively take environmentally friendly actions on campus.
SOC1 I do not always express my opinions honestly in the learning process.
S0C2 I always arrive on time for every learning activity.
SOC3 I show a positive and enthusiastic attitude in participating in learning activities
SOC4 I feel responsible for ensuring that my group completes the assignment.
SOC5 I respect my classmates' differences of opinion during learning activities

Item Variables Item Statement

SOC6 I actively collaborate with my group of friends in completing learning tasks.
S50C7 I do not dare to take the initiative in learning activities. such as leading discussions
S0C8 I cannot always accept my classmates' different cultural backgrounds.
PRO1 I can recognize problems relevant to biology.
PRO2 I can explain biological problems using appropriate terms.
PRO3 I cannot formulate criteria for success in solving biological problems.
PRO4 I can gather information from various sources to solve biological problems.
PRO5 I am not always able to choose the most effective solution to a biological problem.
PRO6 I can review information used to solve biological problems.
PRO7 I'am unable to evaluate the advantages and disadvantages of each chosen solution.
PROS8 I can evaluate whether the implemented solution has achieved the expected results.
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