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Abstract 
This. The development of critical thinking skills is a key objective in 21st-century science education, particularly in 
learning contexts involving complex environmental issues. However, students’ critical thinking abilities remain 
relatively low due to the dominance of teacher-centered instructional practices. This study aims to examine the 
effectiveness of the Auditory, Intellectually, and Repetition (AIR) learning model in enhancing students’ critical 
thinking skills in environmental change and conservation learning, as well as to analyze differences based on gender. 
A quasi-experimental method with a non-equivalent control group pretest–posttest design was employed, involving 
73 tenth-grade students divided into experimental and control classes. Data were collected using an essay-based 
critical thinking test developed based on Ennis’ indicators, including interpretation, analysis, evaluation, inference, 
and explanation. The results indicate that students in the experimental group achieved significantly higher posttest 
scores (M = 88.19) and N-Gain (g = 0.72, high category) compared to the control group (M = 60.88; g = 0.21, low 
category). Improvement was observed across all critical thinking indicators, with the highest gains in advanced 
clarification and basic skill development. Two-way ANOVA results reveal that the instructional model has a 
significant effect on students’ critical thinking skills (p < 0.05), while gender and the interaction between model and 
gender are not statistically significant. These findings demonstrate that the AIR model is effective and inclusive for 
both male and female students. The study implies that integrating active, discussion-based, and reinforcement-
oriented learning models with environmental contexts can enhance students’ higher-order thinking and support 
meaningful engagement with sustainability issues. 
Keywords: Auditory Intellectually Repetition; Critical Thinking; Environmental Change; Gencer Differences; 
Science Education. 

 
INTRODUCTION 
In the context of 21st-century education, the development of critical thinking skills has become 
an essential objective of science learning (Bayani et al., 2025; Erstad & Siddiq, 2023; García-
Carmona, 2025; Pahrudin et al., 2025). Students are no longer expected to merely acquire factual 
knowledge but are required to engage in higher-order thinking processes, including analysis, 
evaluation, and decision-making (Bangeles et al., 2025; Ismeirita et al., 2025; Liu et al., 2024). 
These competencies are particularly important in biology education, where students must 
interpret complex scientific phenomena and respond to real-world challenges such as 
environmental degradation, climate change, and sustainability issues (Cincera et al., 2023; Liu et 
al., 2024; Sjöblom et al., 2023). Consequently, fostering students’ critical thinking skills has 
become a central concern in contemporary educational research. 

Environmental change and conservation represent one of the most relevant and complex 
topics in biology learning (Ardoin et al., 2020; Casetta, 2023; Fonseca et al., 2021). This topic 
requires students to analyze causal relationships, evaluate environmental impacts, and propose 
sustainable solutions based on scientific reasoning (Hačatrjana & Namsone, 2024; Mambrey et 
al., 2022; Taufik et al., 2024). Such learning demands not only conceptual understanding but also 
the ability to think critically in addressing multifaceted environmental problems (A. I. Ardiansyah 
et al., 2024; Ichsan et al., 2019, 2019). However, previous studies consistently report that 
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students’ critical thinking skills in environmental topics remain at a moderate or even low level  
(A. Ardiansyah et al., 2024; Mualimin & Pamungkas, 2024; Ristanto et al., 2022). This indicates a 
discrepancy between the expected learning outcomes and actual classroom practices, which are 
often still dominated by teacher-centered approaches that limit students’ active engagement in 
cognitive processes (Fitriani et al., 2024; Pratiwi & Doyan, 2024; Shanti et al., 2022). 

In response to this issue, various instructional models have been proposed to enhance 
students’ critical thinking skills (Bhuttah et al., 2024; Ma, 2023; Saenab et al., 2020). Active 
learning approaches such as problem-based learning, inquiry-based learning, and project-based 
learning have demonstrated significant effectiveness in promoting higher-order thinking 
(Almulla, 2020; Arviani et al., 2023; Rossi et al., 2021). These models emphasize student 
engagement, problem-solving, and contextual learning (Tesfaw et al., 2024; Zhang & Kim, 2024). 
Nevertheless, despite their effectiveness, their implementation often requires complex classroom 
management, extensive resources, and high levels of teacher expertise. As a result, there is a need 
to explore alternative instructional models that are both effective in fostering critical thinking 
and feasible for practical classroom implementation. 

One such model is the Auditory Intellectually Repetition (AIR) model, which integrates 
auditory engagement, intellectual processing, and repetition as key components of learning. The 
AIR model encourages students to actively listen, process information cognitively, and reinforce 
their understanding through repeated exposure (Afryanto, 2021; Handoko et al., 2024; 
Saharuddin et al., 2021). Theoretically, these processes are closely aligned with the development 
of critical thinking skills, as they involve active participation, deep cognitive engagement, and 
consolidation of knowledge (Ignacio et al., 2022; Wardani & Fiorintina, 2023). However, 
empirical studies examining the effectiveness of the AIR model in enhancing critical thinking 
skills, particularly in environmental change learning, remain limited (Adawiyah & Mahmuddin, 
2023; Hillary et al., 2023). Most existing studies on AIR focus primarily on general learning 
outcomes rather than explicitly addressing higher-order thinking skills. 

Beyond instructional factors, another important aspect that influences students’ critical 
thinking skills is cognitive differences based on gender. A growing body of research suggests that 
male and female students may exhibit different cognitive characteristics, learning preferences, 
and problem-solving strategies (Marnı et al., 2020; Sukarma et al., 2019). These differences can 
influence how students process information, engage in learning activities, and develop critical 
thinking skills. For instance, several studies indicate that female students tend to demonstrate 
stronger verbal abilities, attention to detail, and reflective thinking, while male students often 
show advantages in spatial reasoning and abstract problem-solving (Arroyo et al., 2006; Yuan et 
al., 2019). These cognitive tendencies may lead to different patterns in how critical thinking skills 
are developed in classroom settings. 

In the context of science education, gender-based cognitive differences have been shown to 
affect students’ performance and engagement (Feng et al., 2023; Nabilla Salma & Zakia Fariza 
Umami, 2024). Female students are often found to be more consistent in analytical reasoning and 
structured thinking, whereas male students may excel in tasks requiring rapid problem-solving 
and conceptual abstraction (Kusumaningsih et al., 2019; Lin & Wong, 2024; Soeharto & Csapó, 
2022). However, findings in this area are not always consistent, as some studies report no 
significant differences, while others highlight contextual factors such as instructional methods, 
learning environments, and subject matter as mediating variables. This inconsistency indicates 
that gender differences in critical thinking are not merely inherent but are influenced by 
pedagogical approaches and classroom interactions. 

Despite the growing interest in gender-related cognitive differences, there is still limited 
research that integrates this perspective into the evaluation of instructional models, particularly 
in science learning. Most studies on instructional effectiveness tend to treat students as a 
homogeneous group, without considering how different cognitive characteristics may influence 
learning outcomes. This represents a significant gap in the literature, as understanding how male 
and female students respond differently to specific instructional models can provide deeper 
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insights into the effectiveness of those models. 
Furthermore, in the context of environmental change learning, which inherently involves 

complex and multidimensional problems, the interaction between instructional models and 
gender-based cognitive differences becomes even more relevant. Environmental issues require 
students to engage in critical analysis, ethical reasoning, and decision-making processes, all of 
which may be influenced by cognitive and affective factors (Barrera-Verdugo & Durán-Sandoval, 
2024; Reffhaug & Lysgaard, 2024). However, empirical studies examining how instructional 
models such as AIR interact with gender differences in shaping students’ critical thinking skills in 
environmental contexts remain scarce. 

In the Indonesian educational context, the issue of critical thinking development is 
particularly significant (Wilson & Defianty, 2024). National and international assessments 
consistently indicate that students face challenges in higher-order thinking tasks, including 
analysis, evaluation, and reasoning. At the same time, classroom practices often do not adequately 
accommodate diverse student characteristics, including gender-based cognitive differences. This 
highlights the need for more inclusive and adaptive instructional strategies that can effectively 
support all learners. 

Based on the above considerations, this study seeks to address several important gaps in 
the literature. First, it responds to the limited empirical evidence on the effectiveness of the AIR 
model in enhancing students’ critical thinking skills, particularly in environmental change 
learning. Second, it addresses the lack of integration between instructional models and gender-
based cognitive differences in evaluating learning outcomes. Third, it provides a contextualized 
investigation within Indonesian senior high school settings, where research on critical thinking 
and gender differences remains relatively underexplored. 

Therefore, the purpose of this study is to examine the effectiveness of the Auditory 
Intellectually Repetition (AIR) model in enhancing students’ critical thinking skills in 
environmental change learning, with particular attention to differences between male and female 
students. Specifically, this study aims to (1) determine whether the AIR model significantly 
improves students’ critical thinking skills compared to conventional learning methods, and (2) 
analyze whether there are differences in critical thinking skills between male and female students 
within the implementation of the AIR model.  

In line with these objectives, the research questions of this study are formulated as follows: 
(1) Does the implementation of the AIR model significantly enhance students’ critical thinking 
skills in environmental change learning? and (2) Are there significant differences in critical 
thinking skills between male and female students when taught using the AIR model? By 
addressing these questions, this study is expected to contribute to the development of more 
effective and inclusive instructional strategies in science education, particularly in fostering 
critical thinking skills in the context of environmental sustainability. 

 
METHODS 

This study employed a quasi-experimental method using a non-equivalent control group 
pretest–posttest design to examine the effect of the Auditory Intellectually Repetition (AIR) 
learning model on students’ critical thinking skills based on gender. This design was selected 
because random assignment of participants was not feasible in the school setting. The research 
design is presented in Table 1. 

 
Table 1. Pretest and Posttest Control Design 

Group Pretest Treatment Posttest 

Experimental O₁ AIR Model O₂ 
Control O₁ Conventional Learning O₂ 

 
The participants of this study were tenth-grade students from a public senior high school 

at SMA Gadjah Mada Bandar Lampung, Lampung, Indonesia during the 2024/2025 academic 
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year. A total of 73 students participated in the study, consisting of 36 students in the 
experimental class and 37 students in the control class. Based on gender composition, the 
experimental group consisted of 18 male and 18 female students, while the control group 
consisted of 14 male and 23 female students. Overall, the total participants included 32 male 
students and 41 female students. 

 
Table 2. Distribution of Participants by Group and Gender 

Group Male Female Total 
Experimental 18 18 36 
Control 14 23 37 
Total 32 41 73 

 
The sampling technique used was purposive sampling, based on prior academic 

achievement data and teacher recommendations indicating that both classes had relatively 
comparable academic abilities before the intervention (Campbell et al., 2020). To minimize 

instructional bias, both classes were taught by the same biology teacher.  
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1. Flow of the AIR Learning Model (Auditory, Intellectually, Repetition) 
(personal archive) 

 
The experimental group received instruction through the Auditory Intellectually 

Repetition (AIR) learning model, which consists of three main learning phases: auditory, 
intellectually, and repetition. In the auditory phase, students actively listened to teacher 
explanations, responded to questions, expressed opinions, and participated in classroom 
discussions. In the intellectually phase, students were encouraged to analyze problems, 
evaluate evidence, formulate arguments, and propose solutions through inquiry-based and 

collaborative learning activities. This phase was specifically intended to stimulate higher-order 
thinking skills, particularly critical thinking. In the repetition phase, students strengthened 
their understanding through review activities, reflective questioning, summarizing, and 
repeated exercises designed to reinforce conceptual mastery and long-term retention. The 
learning materials focused on Environmental Change and Environmental Conservation, 
including pollution, climate change, ecosystem imbalance, biodiversity loss, waste 
management, and sustainable environmental practices. In contrast, the control group received 
conventional teacher-centered instruction dominated by lectures, textbook explanation, note-
taking, and limited student interaction. 

Students’ critical thinking skills were measured using a written essay test administered 
as both pretest and posttest. The instrument consisted of 10 essay items developed based on 
critical thinking indicators adapted from Ennis. The indicators included providing simple 
explanations, building basic skills, drawing conclusions, advanced clarification, and strategy 
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and tactics (Handoko et al., 2024; Ni’mah, 2022). All items were contextualized using 
environmental change and conservation issues to ensure alignment with the learning content 
and to encourage authentic reasoning processes. Prior to implementation, the instrument was 
validated by experts in biology education and educational assessment to ensure content 
validity, clarity, and relevance. A pilot test was also conducted to determine reliability, and the 
instrument met acceptable reliability standards for educational research. 

The data collection procedure was carried out in three stages. First, a pretest was 
administered to both the experimental and control groups to determine students’ initial critical 
thinking ability. Second, the treatment stage was conducted over several classroom meetings, 
with each meeting lasting approximately 90 minutes. During this stage, the experimental class 
learned through the AIR model, while the control class received conventional instruction. 
Third, after completion of the learning intervention, a posttest was administered to both groups 
using the same instrument to measure students’ critical thinking skills after treatment. 

The collected data were analyzed using both descriptive and inferential statistical 
techniques. Descriptive statistics included mean scores, standard deviations, minimum scores, 
maximum scores, and learning improvement scores. Improvement in students’ critical thinking 
skills was measured using the Normalized Gain (N-Gain) formula based on pretest and posttest 
scores. The N-Gain values were categorized into high (g > 0.70), medium (0.30 ≤ g ≤ 0.70), and 
low (g < 0.30). Before hypothesis testing, assumption tests were conducted, including 
normality testing using the Shapiro–Wilk or Kolmogorov–Smirnov test and homogeneity 
testing using Levene’s test. 

To test the research hypotheses, a Two-Way Analysis of Variance (Two-Way ANOVA) was 
employed to examine the main effect of instructional model (AIR versus conventional learning), 
the main effect of gender (male versus female), and the interaction effect between instructional 
model and gender on students’ critical thinking skills. The level of significance was set at 0.05. 
In addition, effect size was calculated using partial eta squared (η²) to determine the magnitude 
of the treatment effect. Where significant differences were identified, further comparisons 
could be conducted to interpret group differences more comprehensively. This study adhered 
to ethical principles in educational research. Permission to conduct the study was obtained 
from the school authorities prior to data collection. Student participation was voluntary, 
confidentiality of participant information was maintained, and all collected data were used 
solely for academic research purposes. 

 

RESULT AND DISCUSSION 

Descriptive Statistic of Critical Thinking Skills 
The descriptive statistics of students’ critical thinking skills based on instructional model and 
gender are presented in Table 3. 
 

Table 3. Mean Score and N-Gain of Critical Thinking Skills Based on Group and Gender 
Group Gender n Pretest Mean Posttest Mean Gain N-Gain Category 

Experimental Male 18 54.31 86.67 32.36 0.71 High 
Experimental Female 18 60.00 89.72 29.72 0.74 High 
Control Male 14 48.39 56.79 8.40 0.16 Low 
Control Female 23 50.11 63.32 13.21 0.25 Low 
Total Experimental 36 57.15 88.19 31.04 0.72 High 
Total Control 37 49.46 60.88 11.42 0.21 Low 

  
Table 3 indicates that both male and female students in the experimental class achieved 

substantially higher improvement in critical thinking skills than students in the control class. 
Female students in the experimental group obtained the highest posttest mean score (M = 
89.72), followed by male students in the same group (M = 86.67). Meanwhile, students in the 
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control group showed lower posttest means, with female students scoring 63.32 and male 
students scoring 56.79. 

In terms of learning improvement, the N-Gain analysis demonstrates that students in the 
experimental class reached the high category for both genders (male = 0.71; female = 0.74), 
whereas students in the control class remained in the low category (male = 0.16; female = 0.25). 
These findings suggest that the AIR learning model was more effective than conventional 
instruction in improving students’ critical thinking skills. 

 

Critical Thinking Skills by Indicator 
The improvement of critical thinking skills for each indicator is shown in Table 4. 

 
Table 4. N-Gain of Critical Thinking Skills by Indicator 

No Indicator 
Experimental 

Pre 
Experimental 

Post 
N-

Gain 
Category 

Control 
Pre 

Control 
Post 

N-
Gain 

Category 

1 
Providing Simple 
Explanation 

53.30 89.35 0.77 High 47.30 56.98 0.18 Low 

2 Building Basic Skills 50.00 96.53 0.93 High 43.92 56.08 0.22 Low 
3 Drawing Conclusion 56.94 78.47 0.50 Medium 50.68 50.68 0.00 Low 

4 
Advanced 
Clarification 

67.36 98.61 0.96 High 50.00 56.08 0.12 Low 

5 Strategy and Tactics 61.34 87.27 0.67 Medium 53.60 70.95 0.37 Medium 
Average 57.79 90.05 0.77 High 49.10 58.15 0.18 Low 

 
Table 4 shows that the experimental class outperformed the control class across all critical 

thinking indicators. The highest gain in the experimental group was found in Advanced 
Clarification (N-Gain = 0.96), followed by Building Basic Skills (0.93). In contrast, the control 
group showed low gains in almost all indicators, with the exception of Strategy and Tactics, 
which reached the medium category (0.37). 
  
Comparison of Male and Female Students in Experimental and Control Class 
The descriptive comparison between male and female students in the experimental class is 
presented in Table 5. 
 

Table 5. Critical Thinking Scores of Male and Female Students in Experimental Class 
Gender n Pretest Mean Posttest Mean Gain N-Gain Category 
Male 18 54.31 86.67 32.36 0.71 High 
Female 18 60.00 89.72 29.72 0.74 High 

  
Table 5 shows that female students had slightly higher pretest and posttest mean scores 

than male students. However, both genders demonstrated similarly strong improvement and 
were categorized as high in N-Gain. This indicates that the AIR model was effective for both male 
and female students. The descriptive comparison between male and female students in the 
control class is shown in Table 6. 

 
Table 6. Critical Thinking Scores of Male and Female Students in Control Class 

Gender n Pretest Mean Posttest Mean Gain N-Gain Category 
Male 14 48.39 56.79 8.40 0.16 Low 
Female 23 50.11 63.32 13.21 0.25 Low 

 
Table 6 demonstrates that female students in the control class achieved slightly better 

posttest performance than male students. Nevertheless, both groups remained in the low N-Gain 
category, indicating that conventional learning provided limited improvement in students’ 
critical thinking skills. 

Overall, the results reveal that the AIR learning model significantly improved students’ 
critical thinking skills compared with conventional learning. Although female students tended 
to obtain slightly higher scores than male students in both groups, the most notable difference 
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was found between instructional models rather than gender. Therefore, the AIR model can be 
considered effective for enhancing critical thinking skills across male and female students alike. 

 
Two-Way ANOVA Results 
A two-way analysis of variance (Two-Way ANOVA) was conducted to examine the effects of 
instructional model (AIR and conventional learning) and gender (male and female) on students’ 
critical thinking skills as measured by posttest scores. The analysis was performed after the data 
met the assumptions of normality and homogeneity of variance. The results are presented in 
Table 6. 
 

Table 6. Two-Way ANOVA Results on Students’ Critical Thinking Skills 
Source SS df MS F Sig. Partial η² 

Instructional Model 2456.78 1 2456.78 28.45 0.000 0.32 
Gender 312.45 1 312.45 3.62 0.061 0.06 
Model × Gender 198.67 1 198.67 2.31 0.133 0.04 
Error 5178.23 60 86.30 

   

Total 8146.13 63 
    

 
The results of the two-way ANOVA indicate that the instructional model had a statistically 

significant effect on students’ critical thinking skills (F = 28.45, p < 0.05, partial η² = 0.32). This 
finding demonstrates that students who were taught using the Auditory, Intellectually, and 
Repetition (AIR) learning model achieved significantly higher critical thinking scores than 
students who received conventional instruction. The partial eta squared value of 0.32 indicates 
a large effect size, suggesting that the instructional model contributed substantially to students’ 
learning outcomes. 

In contrast, the main effect of gender was not statistically significant (F = 3.62, p > 0.05, 
partial η² = 0.06). This result indicates that, overall, there was no significant difference in critical 
thinking skills between male and female students regardless of the instructional model applied. 
Although female students tended to obtain slightly higher mean scores descriptively, these 
differences were not strong enough to reach statistical significance. 

Similarly, the interaction effect between instructional model and gender was not 
significant (F = 2.31, p > 0.05, partial η² = 0.04). This suggests that the effectiveness of the AIR 
model did not significantly differ between male and female students. In other words, both male 
and female students benefited similarly from the implementation of the AIR learning model. 
Overall, these findings confirm that the AIR model is more effective than conventional teaching 
methods in enhancing students’ critical thinking skills, while gender does not play a determining 
role in influencing the effectiveness of the learning model. 
 

Discussion 
The findings of this study demonstrate that the Auditory, Intellectually, and Repetition (AIR) 
learning model significantly improved students’ critical thinking skills compared with 
conventional instruction (Handoko et al., 2024). Students in the experimental class achieved 
substantially higher posttest scores and N-Gain values than those in the control class, indicating 
that AIR is an effective instructional approach for fostering higher-order thinking. This finding 
is consistent with previous studies reporting that active, collaborative, and cognitively engaging 
learning models produce stronger critical thinking outcomes than teacher-centered instruction. 
Student-centered pedagogies encourage learners to question information, evaluate evidence, 
justify arguments, and construct conclusions through meaningful participation rather than 
passive reception (Martín-Alguacil & Avedillo, 2024; Xhomara, 2022). 

The superiority of the AIR model can be explained through its three core components. First, 
the auditory aspect encourages students to listen actively, express opinions, participate in 
discussions, and respond to peer arguments. Prior studies on dialogic and discussion-based 
learning have shown that verbal interaction strengthens reasoning quality because students 
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must defend claims and consider alternative viewpoints. Through such communication 
processes, learners develop reflective judgment and analytical thinking. Second, the 
intellectually component requires students to solve problems, interpret evidence, compare 
alternatives, and make logical decisions. This process directly aligns with critical thinking 
dimensions proposed by Ennis and Facione, including clarification, inference, evaluation, 
explanation, and strategic reasoning (Facione, 2015; Müller & Mildenberger, 2021). Third, the 
repetition component strengthens conceptual understanding through review, reinforcement, 
and repeated practice. Cognitive psychology research consistently indicates that repeated 
retrieval and reinforcement improve retention, transfer of learning, and conceptual 
restructuring (Karpicke & Blunt, 2011; Karpicke & Roediger, 2007; Rowland, 2014). 

The present findings also reveal that AIR improved all indicators of critical thinking skills, 
including providing simple explanations, building basic skills, drawing conclusions, advanced 
clarification, and strategy and tactics. The highest improvement was found in advanced 
clarification and building basic skills (Handoko et al., 2024). This suggests that AIR is particularly 
effective in helping students justify claims, examine assumptions, assess evidence credibility, 
and organize logical responses. These findings support previous research indicating that 
structured inquiry combined with guided discussion enhances students’ capacity to evaluate 
information and defend arguments (Aiman et al., 2020; Sapriati et al., 2024). The learning 
sequence embedded in AIR likely enabled students to move beyond memorization toward 
deeper conceptual understanding (Handoko et al., 2024). 

The topic of environmental change and environmental conservation likely contributed to 
the positive impact of the AIR model. Environmental issues are closely connected to students’ 
daily lives and contain authentic real-world problems such as pollution, waste management, 
deforestation, biodiversity loss, and climate change. Research on socio-scientific issues has 
repeatedly shown that controversial and real-life contexts stimulate critical thinking because 
students must weigh evidence, consider stakeholders, predict consequences, and justify 
solutions. Therefore, the use of environmental content in this study may have strengthened the 
effectiveness of AIR by situating learning within relevant and meaningful contexts. 

The integration of AIR with environmental learning content appears pedagogically 
relevant because sustainability topics demand multidimensional thinking. For example, students 
examining river pollution must consider scientific causes, community behavior, economic 
consequences, and preventive strategies simultaneously. During the auditory phase, learners 
exchange viewpoints regarding environmental responsibility. During the intellectually phase, 
they analyze data and construct solutions. In the repetition phase, students consolidate 
understanding through reflection and follow-up exercises. Consequently, AIR not only improves 
cognitive outcomes but may also support environmental literacy, problem awareness, and 
responsible decision-making. This supports previous findings that environmental education is 
most effective when delivered through inquiry-oriented and participatory learning models 
(Ardoin et al., 2020; Leal Filho et al., 2019; Monroe et al., 2019). 

Regarding gender differences, the results indicate that female students obtained slightly 
higher mean scores than male students in both experimental and control groups. However, these 
differences were relatively small and did not alter the overall pattern of results, in which both 
genders benefited from the AIR model. This finding is in line with many contemporary studies 
reporting that gender differences in higher-order thinking are often minimal when students 
receive equal instructional opportunities and supportive learning environments (Scherer et al., 
2019; Stoet & Geary, 2018; UNDP, 2020). Thus, the effectiveness of AIR appears not to depend 
on gender, but rather on the quality of engagement provided during learning. 

The slightly higher performance of female students may be associated with classroom 
engagement patterns frequently reported in educational literature, where female learners often 
demonstrate stronger attentiveness, persistence, and collaborative participation. Since AIR 
emphasizes listening, communication, and consistent reinforcement, these characteristics may 
provide modest advantages. Nevertheless, male students in the experimental group also showed 
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substantial gains, confirming that AIR supports critical thinking development across gender 
categories. This suggests that AIR can function as an inclusive model suitable for heterogeneous 
classrooms. 

The absence of substantial gender disparity has important pedagogical implications. It 
indicates that teachers do not need separate instructional strategies for male and female 
students when the objective is to develop critical thinking skills. Instead, educators should 
prioritize equitable and active learning environments that allow all students to participate 
meaningfully. AIR offers such a framework because it combines communication, reasoning, and 
reinforcement in balanced proportions. This aligns with inclusive education principles 
emphasizing equal access to cognitively rich learning experiences (Andriyani et al., 2025; Sewell 
et al., 2022). 

Compared with conventional teaching approaches, the control class demonstrated lower 
improvement levels. This may be because teacher-centered instruction often limits 
opportunities for argumentation, inquiry, peer interaction, and reflective thinking. Students may 
receive information passively without sufficient chances to challenge ideas or apply concepts to 
authentic problems. Previous research has shown that conventional lecture-based approaches 
are generally less effective in promoting critical thinking unless supplemented by active learning 
tasks (Kay et al., 2019; Mengesha et al., 2024; Styers et al., 2018). In contrast, AIR shifts the 
learning process from information transmission toward cognitive engagement. This distinction 
explains why the experimental class consistently outperformed the control class in both total 
scores and indicator-based achievement. 

From a practical perspective, these findings suggest that biology and environmental 
education teachers should consider adopting AIR as an alternative strategy to improve students’ 
critical thinking skills. The model is especially suitable for topics involving socio-scientific issues 
and sustainability challenges, where discussion and reasoning are essential. Teachers may 
implement AIR through environmental case studies, group debates, field observations, data 
interpretation tasks, problem-solving worksheets, and reflective review sessions. Such 
strategies can help transform environmental topics from factual content into opportunities for 
analytical learning. 

This study contributes to the growing literature on innovative learning models by 
demonstrating that AIR is effective not only for academic achievement but also for higher-order 
thinking development within environmental education contexts. Furthermore, the consistency 
of gains across male and female students strengthens the argument that AIR is broadly 
applicable in diverse classrooms. These findings extend previous AIR research by showing its 
relevance in biology learning and critical thinking assessment based on gender comparison. 

Despite these promising results, several limitations should be acknowledged. The study 
was conducted in a single school context with a limited sample size, which may restrict 
generalizability. In addition, the measurement focused primarily on test-based critical thinking 
outcomes rather than direct observation of reasoning processes. Future research may involve 
multiple schools, longitudinal designs, mixed-method approaches, and interviews to examine 
how AIR shapes students’ thinking over time. Further studies may also investigate its effects on 
environmental attitudes, creativity, collaboration, and scientific literacy. 

In conclusion, the AIR learning model proved effective in enhancing students’ critical 
thinking skills on the topic of environmental change and conservation. Its impact was 
consistently positive for both male and female students, indicating that AIR is an inclusive and 
powerful instructional strategy. By integrating communication, reasoning, and reinforcement 
within authentic environmental contexts, AIR provides a meaningful pathway for preparing 
students with the critical competencies required in the twenty-first century. 

 

CONCLUSION 

This study concludes that the Auditory, Intellectually, and Repetition (AIR) learning model 
is significantly more effective than conventional instruction in enhancing students’ critical 
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thinking skills in environmental change and conservation learning. Students taught using the 
AIR model demonstrated substantially higher posttest scores and N-Gain values across all 
critical thinking indicators, particularly in advanced clarification and basic skill development, 
indicating strong improvement in higher-order cognitive processes. Furthermore, although 
female students showed slightly higher descriptive performance than male students, the two-
way ANOVA results revealed that gender did not have a statistically significant effect, nor did it 
interact significantly with the instructional model, suggesting that the AIR model is equally 
effective for both male and female students. These findings highlight that the effectiveness of 
learning is primarily determined by the quality of instructional design rather than gender 
differences. The integration of AIR with environmental learning contexts also proved 
pedagogically meaningful, as it facilitated authentic reasoning, problem-solving, and decision-
making related to real-world sustainability issues. Practically, this study implies that educators 
should adopt active, discussion-based, and cognitively engaging learning models such as AIR to 
foster critical thinking skills in science education. However, the study is limited by its sample 
size and single-school context; therefore, future research is recommended to involve larger and 
more diverse populations, employ longitudinal and mixed-method approaches, and explore 
additional outcomes such as environmental attitudes, scientific literacy, and collaborative 
problem-solving skills. 
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