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Abstract

This study aimed investigated the effectiveness of the Culturally Responsive Transformative
Teaching (CRTT) model supported by podcasts and e-assessment in improving students’
scientific literacy and communication skills on chemical reactions topics. A quasi-
experimental non-equivalent control group pretest—posttest design was employed. The
participants consisted of 72 tenth-grade students selected through cluster random
sampling from a public senior high school in Boyolali, Indonesia, who were assigned to
either a to an experimental class (CRTT supported by podcast and e-assessment) or a
control class (conventional instruction). Scientific literacy was measured using a 15-item
multiple-choice test, while communication skill was assessed using a 12-item observation
sheet based on four-point Likert scale. Since the data did not meet parametric assumptions,
non- Mann-Whitney U and Kruskal-Wallis tests were used for analysis. The result showed
that the experimental class achieved higher posttest score in scientific literacy 84 than the

control class (75), with a statically significant difference (p<0.001). Similarly, the
experimental class obtained a higher mean score for communication skills (41.1) than the
control class (31.9), with a significant difference (p=0.001). This study lies in the integration
of CRTT, culturally grounded podcast and e-assessment within chemistry instruction to
simultaneously enhance students’ scientific literacy and communication skills. Culturally
responsive pedagogy supported by digital learning resources and e-assessment tools can
serve as an effective strategy for improving students’ understanding and communication
of abstract chemistry concepts, particularly those related to s chemical reactions.

Podcast

Scientific literacy
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1. Introduction

Twenty-first century education is increasingly influenced by rapid advances in science and technology,
requiring students to become adaptable learners who can think critically and solve complex problems. These
demands are aligned with the emphasis on 21st-century skills, often summarized as the 4Cs: critical thinking,
creativity, collaboration, and communication (Thornhill-miller et al.,, 2025). Developing these competencies
requires the integration of knowledge, skills, attitudes, and the purposeful use of technology within a coherent
learning process (Hutchison & McAlister-Shield, 2020). However, creating learning experiences that are
contextual and closely related to students’ daily lives remains a challenge in many classrooms, particularly in
conceptually abstract subjects such as chemistry.

This situation is particularly evident in chemistry education, where instruction is still frequently
dominated by teacher-centered approaches such as lecturing, limited one-way questioning, and task-oriented
activities (Hutchison & McAlister-Shield, 2020). Limited student participation and constrained technology
integration may reduce the meaningfulness of learning, making it difficult for students to connect chemistry
concepts with everyday phenomena (Hutchison & McAlister-Shield, 2020). Such conditions may contribute to
low levels of scientific literacy and underdeveloped communication skills. Scientific literacy, defined
internationally as students’ capacity to engage with science-related issues and apply scientific ideas as reflective
citizens (OECD, 2023), together with the ability to communicate scientific ideas clearly and accurately to others
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(Shivni et al,, 2021), is essential for enabling students to understand scientific concepts, solve problems, and
communicate scientific ideas effectively in real-world contexts (Thornhill-miller et al., 2025).

International findings, including PISA 2022, indicate that Indonesian students’ scientific literacy
achievement remains relatively low (OECD, 2023), which has been linked to a lack of contextual and interactive
learning opportunities that help learners relate scientific ideas to real-life situations (Safirah & Dewi, 2024). At
the same time, students’ communication skills are often limited because classroom environments may not
provide sufficient opportunities for dialogue, discussion, and scientific argumentation (Songsil et al,, 2019)).
Within chemistry learning, these limitations are often intensified in the topic of chemical reactions, a concept
that is cognitively demanding because students must coordinate understanding across macroscopic,
submicroscopic, and symbolic representations (Renvall & Kurtén, 2024). Research suggests that embedding
local cultural contexts in science learning can help make abstract concepts more accessible while enhancing
student engagement (Rahmawati et al.,, 2020; Douglas, 2020; Zidny & Eilks, 2022). Several studies have further
shown that Culturally Responsive Transformative Teaching (CRTT) can improve students’ engagement, cultural
awareness, conceptual understanding, and higher-order thinking skills in chemistry classrooms (Rahmawati et
al,, 2023; Akinnusi & Olatunde, 2025), and that culturally responsive approaches more broadly can strengthen
identity development and instructional relevance across educational levels (Hutchison & McAlister-Shield,
2020; Widarti et al,, 2025)

Nevertheless, most of these studies have focused on cultural awareness, conceptual understanding, or
higher-order thinking skills, while comparatively little attention has been given to students’ scientific literacy
and scientific communication skills, two competencies that are equally central to meaningful chemistry learning
yet remain under-researched within the CRTT literature. In addition, podcasts and e-assessment have been
reported to support flexible, learner-paced learning and continuous, feedback-driven assessment in digital
learning environments (Gonz, 2023; Rozqiah et al,, 2023). Although CRTT, podcasts, and e-assessment have each
individually demonstrated positive impacts on learning, their combined implementation in chemical reaction
instruction has received little empirical attention, particularly in relation to the simultaneous development of
students’ scientific literacy and scientific communication skills. This represents an important research gap, since
existing CRTT studies rarely incorporate learner-centered digital media such as podcasts or systematic e-
assessment, while studies on podcasts or e-assessment rarely engage with students’ cultural identities as a
pedagogical resource. Addressing this gap is both theoretically and practically urgent, given that Indonesian
classrooms continue to combine high cultural diversity with persistently low scientific literacy outcomes and
limited digital-assessment practice. Consequently, further investigation is needed to determine whether
integrating these three approaches can create a more contextual and interactive learning environment that
effectively supports both competencies.

This study, therefore, integrates the CRTT model with podcast-based learning media and e-assessment in
chemical reaction learning. CRTT positions students’ cultural identities as valuable resources for learning and
encourages collaboration, critical reflection, and transformative knowledge construction, building on the
foundational premise that effective teaching for culturally diverse learners must explicitly affirm students’
cultural competence alongside academic success (Ladson-billings, 2008; Gay, 2018; Rahmawati et al., 2020).
Podcasts provide contextualized learning experiences that connect chemistry concepts with students’ daily lives
and have been shown to strengthen collaborative and communicative learning when used as flipped-classroom
resources (Gonz, 2023; Yu, 2023), while e-assessment facilitates adaptive, feedback-driven assessment
processes in technology-enhanced learning environments (Hutchison & McAlister-Shield, 2020). Therefore, this
study aims to investigate the effectiveness of integrating CRTT, podcast-based learning, and e-assessment in
improving students’ scientific literacy and scientific communication skills in chemical reaction learning.

2. Method

This study employed a quantitative quasi-experimental method using a pretest-posttest control group
design to investigate the effectiveness of the Culturally Responsive Transformative Teaching (CRTT) model
assisted by podcast and e-assessment on students’ scientific literacy and communication skills. The research
design is presented in Table 1.

Table 1. Research design

Group Pre-test Treatment Posttest

Control 01 K1 (Discovery learning) 03

Experimental 02 K2 (CRTT assisted by podcast and e-assessment 04
Note:

O1: Pretest in the experimental group

02: Pretest in the control group

03: Posttest in the control group

K1: Discovery learning model

K2: CRTT model assisted by podcast and e-assessment
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The participants consisted of 72 tenth-grade students selected using cluster random sampling from a
public senior high school in Boyolali, Indonesia. The experimental class (n=36) received CRTT assisted by
podcast and e-assessment, while the control class (n=36) received discovery learning instruction. The treatment
was conducted in four meetings, each lasting 90 minutes. The podcasts were developed by the researchers and
distributed before learning activities as part of a flipped classroom approach. The podcasts contained contextual
examples of chemical reactions related to students’ daily lives. During instruction, the CRTT stages consisted of
self-identification, cultural understanding, collaboration, critical reflection, and transformative construction
(Rahmawati et al., 2019). E-assessments were administered through the Chemytest platform for pretests,
posttests, and formative assessments.

Data were collected using test and non-test techniques. Scientific literacy was measured using a 15-item
multiple-choice test covering chemical reaction concepts and scientific literacy competencies. Students’
communication skills were measured using an observation sheet consisting of 12 statements, as shown in Table
2, and a four-point Likert scale (1-4) completed by an observer during the learning process.

Table 2. Communication indicators
Communication indicators

Aspect Indicators Number of
questions
Able to express opinions 1) Expressing opinions orally in group/class discussion; 3
and listen to the opinions of ~ 2) Giving active responses/feedback to others’ opinions;
others. 3) Listening to peers without interrupting
Mastering the material that 1) Explaining the material coherently according to the presentation topic; 3
will be used for the 2) Presenting without relying heavily on text/notes;
presentation. 3) Using appropriate scientific terms/vocabulary
Delivering report results 1) Delivering a report in a logical structure (opening-content-closing); 3
systematically and clearly 2) Explaining report content with clear and articulate voice;
3) Presenting ideas in an orderly and understandable sequence
Ask the teacher or other 1) Asking questions directly to teacher/peers related to the topic; 3
students 2) Asking questions politely and understandably;

3) Answering questions appropriately and explaining answers clearly and
sequentially
Source: adapted from (Oktaviani et al., 2025)

The instruments were validated by two chemistry education experts using Gregory’s content validity
formula and were considered valid when the content validity coefficient (CV) exceeded 0.70. Reliability testing
was conducted using the r11 coefficient, and instruments with r11 = 0.70 were considered reliable.

Data were analyzed using descriptive and inferential statistics. Normality was tested using the Shapiro-
Wilk test, while homogeneity was examined using Levene’s test. Since the assumptions of normality and
homogeneity were not fully met, the non-parametric Mann-Whitney U test and Kruskal-Wallis test were
employed at a significance level of o = 0.05, consistent with recommendations for comparing group means when
normality and homogeneity of variance cannot be assumed (Orcan, 2020; Konietschke et al.,, 2015; Rochon et
al., 2012).

3. Results and Discussion

3.1. Effect of the CRTT assisted by podcast and e-assessment on students’

scientific literacy
Normality testing Kolmogorov-Smirnov and Shapiro wilk indicated that at least one dataset was not
normally distributed. Table 3 present the descriptive statistics of students’ scientific literacy present scores. The
mean pretest score of the experimental class 54 was relatively close to that of the control class 56, indicating
that both groups started from a comparable baseline level before the treatment.

Table 3. Pretest score data description

Class Lowest Score Highest score Average
Experimental 40 73 54
Control 27 73 56

Table 4 shows the descriptive statistics of posttest scores. After the intervention, the experimental class
achieved a higher mean posttest score (84) than the control class (75). This pattern indicates that students who
learned through CRTT assisted by podcast and e-assessment obtained better scientific literacy performance
than students who learned through the conventional approach.
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Table 4. Posttest score data description

Class Lowest Score Highest score Average
Experimental 73 100 84
Control 60 87 75

Table 5 shows the normality test result (Shapiro-wilk), where the experimental group data were normally
distributed Sig. 0.287, while the control group data were not normally distributed Sig. 0.038.

Table 5. Normality test of scientific literacy outcomes

Class N Sig. Result Conclusion
Experimental 36 0.287 HO accepted Normal data
Control 36 0.038 HO rejected Abnormal data

Table 6 shows the homogeneity test results, indicating that the variances were not homogeneous Sig.
0.000. Because at least one dataset was not normally distributed and the variances were not homogeneous, the
study used a non-parametric test for hypothesis testing.

Table 6. Homogenity test of scientific literacy outcomes

Class N Sig. Result Conclusion
Experimental 36 0.000 HO rejected Non-homogeneous data
Control 36

Table 7 shows the Mann-Whitney test results for scientific literacy outcomes. The result indicates a
statistically significant difference between the experimental and control classes (Sig. < 0.05). Therefore, the
hypothesis testing supports that the CRTT assisted by podcast and e-assessment approach produced
significantly different and descriptively higher scientific literacy outcomes compared to the control class.

Table 7. Mann-Whitney test of scientific literacy outcomes

Class N Sig. Result Conclusion
Experimental 36 0.00 HO rejected There is significant
Control 36 difference

The experimental class achieved a higher mean posttest score (84) than the control class (75), as presented
in Table 4, an increase of approximately 12% relative to the control class. Furthermore, the Mann-Whitney test
results in Table 7 showed a significant difference between the two groups (p < 0.05). These findings indicate
that CRTT assisted by podcasts and e-assessment was more effective in improving students’ scientific literacy
than conventional instruction. The higher achievement of the experimental group suggests that contextual and
culturally responsive learning experiences helped students interpret scientific phenomena and apply evidence-
based reasoning more effectively.

Chemical reaction concepts require students to simultaneously connect macroscopic observations,
submicroscopic particle interactions, and symbolic representations. This complexity often creates difficulties
and misconceptions in chemistry learning (Renvall & Kurtén, 2024). Through CRTT, chemical reaction
phenomena were linked to students’ daily experiences and cultural contexts, enabling students to construct
meaning from familiar situations before relating them to scientific explanations. This pattern is consistent with
Gay’s (2018) culturally responsive teaching framework, which argues that anchoring instruction in students’
cultural knowledge increases the relevance, motivation, and retention of academic content, and with
(Rahmawati et al., 2020), finding that CRTT strengthens Indonesian students’ conceptual engagement with
chemistry through structured cultural reflection. Such learning experiences support the development of
conceptual understanding and scientific literacy, and they echo findings from other cultural and national
contexts: culturally responsive teaching has likewise been reported to strengthen identity-affirming
engagement in higher-education classrooms in the United States (Hutchison & McAlister-Shield, 2020) and to
improve meaningful learning of conceptually difficult chemistry topics among secondary school students across
Africa through a similarly culture-anchored instructional approach (Akinnusi & Olatunde, 2025), suggesting that
the cultural-contextualization mechanism observed in this study is not specific to a single national setting but
may generalize across CRTT-related implementations in chemistry and science education more broadly.

The podcast component likely strengthened literacy gains by providing accessible and repeatable
explanations that students could revisit outside classroom time, consistent with evidence that podcast-based
media support collaborative and self-paced knowledge construction in science and higher education learning
(Gonz, 2023). In addition, e-assessment facilitated continuous practice and timely feedback, allowing students
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to monitor their understanding throughout the learning process; this aligns with international evidence that
digital, formative e-assessment improves learning outcomes most effectively when feedback is integrated into
the instructional cycle rather than delivered only at its endpoint (Hutchison & McAlister-Shield, 2020; Black &
Wiliam, 2018). Therefore, the integration of CRTT, podcasts, and e-assessment created a learning environment
that supported students in understanding chemical reaction concepts and applying scientific reasoning more
effectively. Beyond replicating effects previously reported for each component in isolation, this finding extends
the literature by showing that culturally grounded media and continuous digital assessment can be combined
coherently within a single instructional model, offering chemistry teachers a concrete strategy for translating
scientific literacy goals into classroom practice in culturally diverse settings such as Indonesia.

3.2. Effect of the CRTT assisted by podcast and e-assessment on students’

communication skills
Table 8 presents the descriptive statistics of students’ communication skills. The experimental class
achieved a higher average communication score 41.1 than the control class 31.9. In addition, the experimental
class also showed a higher lowest score 38 and highest score 45 compared to the control class 26 and 38,
indicating better overall communication performance in the experimental group.

Table 8. Communication skills score data description

Class Lowest Score Highest score Average
Experimental 38 45 41.1
Control 26 38 31.9

Table 9 shows the normality test result, indicating that the experimental class data were not normally
distributed Sig. 0.001, whereas the control class data were normally distributed Sig. 0.391.

Table 9. Normality test of communication skills outcomes

Class N Sig. Result Conclusion
Experimental 36 0.001 HO rejected abnormal data
Control 36 0.391 HO accepted normal data

Table 10 shows the homogeneity test results, indicating that the data were not homogeneous Sig 0.000.
Since at least one dataset violated the normality assumption and the variances were not homogeneous, a non-
parametric test was applied.

Table 10. Homogenity test of communication skills outcomes

Class N Sig. Result Conclusion
Experimental 36 0.000 HO rejected Non-homogeneous data
Control 36

Table 11 presents the Mann-Whitney test results. The output indicates a statistically significant difference
in communication skills between the experimental and control classes (Sig. = 0.001 < 0.05). Therefore, the
hypothesis testing supports that CRTT assisted by podcast and e-assessment produced significantly different
communication skills outcomes compared to the control class.

Table 11. Mann-Whitney test of communication skills outcomes

Class N Sig. Result Conclusion
Experimental 36 0.001 HO rejected There is significant
Control 36 difference

As shown in Table 8, the experimental class achieved a higher average communication score (41.1) than
the control class (31.9). The Mann-Whitney test results presented in Table 11 also indicated a significant
difference between the two groups (p = 0.001). These findings demonstrate that CRTT assisted by podcasts and
e-assessment contributed positively to the development of students’ scientific communication skills.

The improvement in communication skills can be attributed to the characteristics of CRTT, which
encourage students to participate actively in discussion, collaboration, and critical reflection activities. Through
these activities, students were required to express ideas, respond to peers’ opinions, and justify their reasoning
using scientific evidence. Such experiences are essential for developing scientific communication skills
(Alruwais et al,, 2018; Rahmawati et al., 2020) and are consistent with argumentation-based pedagogies, which
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similarly rely on structured small-group discussion and peer questioning to build students’ capacity to construct
and defend evidence-based scientific claims (Songsil et al., 2019).

In chemistry learning, students often experience difficulty explaining abstract concepts such as chemical
reactions. Podcast-based activities provided opportunities for students to organize information, explain
concepts systematically, and communicate scientific ideas in a meaningful context, a pattern also reported in
podcast-based collaborative learning research in other educational settings (Gonz, 2023). Furthermore, e-
assessment supported communication development through formative feedback that encouraged students to
improve both their understanding and their ability to express scientific ideas clearly (Hutchison & McAlister-
Shield, 2020). Taken together, these results suggest that the combined CRTT, podcast, and e-assessment model
contributes to chemistry education by offering teachers a replicable strategy for developing students’ scientific
communication skills alongside conceptual understanding, rather than treating these outcomes as separate
instructional goals.

3.3. Effect of the CRTT assisted by podcast and e-assessment on students’

scientific literacy and communication skills

Table 12 presents the Kruskal-Wallis test results, which showed a significant difference between the
experimental and control groups (p < 0.05). This result indicates that the integration of CRTT, podcasts, and e-
assessment significantly influenced students’ scientific literacy and communication skills simultaneously.

Table 12. Kruskal-Wallis test of scientific literacy and communication skills outcomes

Class N Sig. Result Conclusion
Experimental 36 0.000 HO rejected There is significant
Control 36 difference

The positive outcomes observed in this study can be explained by the complementary roles of the three
instructional components. CRTT provided culturally meaningful learning experiences that encouraged students
to connect chemical reaction concepts with their everyday experiences. Podcasts reinforced learning by
allowing students to access explanations repeatedly and communicate scientific ideas in an authentic format.
Meanwhile, e-assessment supported continuous learning through practice opportunities and feedback. Taken
together, the joint significant effect on scientific literacy and communication skills (Table 12) suggests that these
two competencies are not developed independently within the CRTT-podcast-e-assessment model but reinforce
one another: as students gained a more contextual understanding of chemical reaction concepts, they were also
better equipped to articulate that understanding, and vice versa. This mutually reinforcing relationship
contributes to chemistry education by indicating that scientific literacy and scientific communication can be
productively targeted through a single, culturally responsive instructional design rather than through separate
interventions.

The podcast was developed by the researchers and used as a flipped classroom learning resource in the
experimental class. The podcast was distributed before classroom learning to provide students with preliminary
exposure to chemical reaction concepts and contextual examples related to everyday life. Through this
approach, students entered classroom discussions with prior knowledge, allowing more time for collaboration,
critical reflection, and scientific communication during the implementation of CRTT. The podcast content was
designed to contextualize chemical reaction concepts through familiar phenomena, helping students connect
scientific concepts with real-world situations. As a result, the podcast functioned not only as a learning medium
but also as a tool to support the development of scientific literacy and scientific communication skills.

E-assessment then works as the “support system” that keeps this learning from being temporary. When
assessment is used as part of the learning cycle with clear criteria, practice opportunities, and feedback—
students are more likely to refine both their understanding and how they express it. Recent work emphasizes
that assessment improves learning most effectively when itis integrated into pedagogy, not treated as a separate
endpoint (Black & Wiliam, 2018). In online or digital formats, this can be strengthened through timely feedback
and iterative practice, as long as the assessment tasks are aligned with the intended skills and students are
adequately supported in the transition to digital learning (Heil & Ifenthaler, 2023; Almendingen et al., 2021)

Despite the positive findings, several limitations should be acknowledged. This study was conducted in a
single public senior high school in Boyolali, Indonesia, involving 72 tenth-grade students, which may limit the
generalizability of the findings to different educational contexts. In addition, the intervention was implemented
over four learning meetings, which may not fully capture the long-term impact of CRTT assisted by podcasts and
e-assessment on students’ scientific literacy and communication skills. Therefore, future studies involving larger
samples, different school settings, and longer implementation periods are recommended to further validate and
extend the findings of this study.
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4. Conclusion

This study aimed to investigate the effectiveness of integrating the Culturally Responsive Transformative
Teaching (CRTT) model, supported by podcasts and e-assessment, in improving tenth-grade students’ scientific
literacy and communication skills in chemical reaction learning. The findings confirm that this integrated model
achieved its intended purpose: the experimental class significantly outperformed the control class in scientific
literacy (M = 84 versus M = 75; p < 0.001) and in communication skills (M = 41.1 versus M = 31.9; p = 0.001),
and the combined Kruskal-Wallis analysis confirmed a significant joint effect of the intervention on both
competencies (p < 0.001). These results demonstrate that connecting chemistry concepts with students’ cultural
and everyday contexts, while supporting learning with a culturally grounded podcast and continuous e-
assessment, can simultaneously strengthen scientific literacy and the ability to communicate scientific ideas two
outcomes that prior CRTT research has rarely examined together.

The contribution of this study is twofold. Theoretically, it extends the CRTT literature beyond its
established focus on cultural identity, conceptual understanding, and higher-order thinking by demonstrating
that the model can be deliberately combined with culturally grounded digital media and continuous e-
assessment to advance scientific literacy and scientific communication as explicit instructional outcomes.
Practically, it offers chemistry teachers a replicable, technology-supported instructional model for teaching
conceptually demanding topics such as chemical reactions in culturally diverse classrooms, and it provides an
evidence base for embedding cultural sustainability and 21st-century competencies into everyday chemistry
instruction. Because the study was conducted in a single public senior high school in Boyolali, Indonesia, with a
relatively short four-meeting implementation period, the generalizability of these findings should be interpreted
with appropriate caution. Future research involving larger and more diverse samples, additional chemistry
topics, longer implementation periods, and comparisons across cultural settings is recommended to further
validate, extend, and test the transferability of the CRTT-podcast-e-assessment model developed in this study.
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