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This study investigated the effectiveness of the Context-Based Inquiry
Learning (CBIL) model in improving high school students’ critical thinking
skills in plant diversity. CBIL integrates real-life contexts with structured
scientific inquiry processes to promote analytical and reflective thinking. A
quasi-experimental design with a non-equivalent control group was employed,

involving 69 tenth-grade students from a public senior high school in
Sukabumi City selected through purposive sampling. The experimental group
received CBIL instruction, while the control group received discovery-based
instruction. Instruments included a critical thinking skills test, an attitude
scale, and a student response questionnaire. The results showed that the
experimental group achieved a higher average N-Gain score (0.81 £ 0.10, high
category) compared to the control group (0.53 + 0.10, moderate category). An
independent-samples t-test indicated a statistically significant difference
between groups (p < 0.05). Supporting data revealed positive critical thinking
attitudes and very favorable student responses (91.18% + 12.04). These
findings demonstrate that CBIL is an effective, contextually grounded
instructional approach for enhancing students’ critical thinking skills in
biology.
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1. INTRODUCTION

The current education system must be equipped to address global challenges that are presented in every
aspect of our lives. Education that aligns with environmental, social, and economic conditions and needs is crucial
for better preparing students for their future lives [1], [2], [3], [4]. Transformation in the 21st century requires
students to possess higher-order thinking skills, especially critical thinking, as a foundation for solving complex
problems, making informed decisions, and evaluating information objectively and reflectively [5], [6]. Critical
thinking skills are essential competencies in shaping a resilient generation in facing global challenges, including
technological developments, disinformation, and complex socio-cultural dynamics [7], [8], [9], [10], [11].
Importantly, critical thinking skills are not limited to academics but are an important foundation in everyday life,
guiding individuals in making logical decisions based on relevant evidence [12], [13], [14].

The results of the 2022 PISA study indicate that students in Indonesia still exhibit low critical thinking
skills, as reflected in a scientific literacy score of 383, which is significantly below the OECD average of 485 [15].
While this is a concerning finding, it also presents an opportunity for significant improvement. This low score
reflects the learning conditions in schools that still prioritize mastery of material and memorization over the
development of reasoning and argumentation skills [16], [17]. Strengthening critical thinking skills to address
real-world problems is a top priority on the 21st-century education agenda. However, the integration of learning
approaches that support these skills still faces various obstacles in many schools. Classroom learning is generally
still dominated by one-way lecture methods, which make students passive recipients of information rather than
active participants in the learning process [18], [19], [20]. This is exacerbated by the low pedagogical abilities of
teachers in implementing innovative learning models that encourage reflective participation [21].

Through interviews and field observations with a high school teacher in Sukabumi City, we have gathered
information that underscores the importance of your role in implementing effective learning models. The teacher
revealed that the current models have not been successful in fostering students' critical thinking skills. The
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observation results further confirm this, showing that the critical thinking skills of 10th-grade students are at a
concerning low. This situation calls for your active involvement in the development and implementation of
targeted learning models that can sharpen and enhance students' critical thinking skills.

The problem of students' low critical thinking skills cannot be addressed solely through conceptual
approaches; instead, it requires an applicative approach that is relevant to real-world conditions in the learning
context. Although various learning models, such as problem-based learning, project-based learning, and
cooperative learning, have been introduced into the curriculum, their implementation still faces various obstacles,
such as limited teacher pedagogical competence, a lack of facilities and infrastructure, and limited time allocation
[21]. This situation creates a gap between education policy and practice, partly due to the lack of learning models
that effectively combine everyday life contexts with scientific thinking processes in a holistic approach [22], [23].

The need to strengthen critical thinking skills is increasingly important in today's era of digital disruption
and globalization. Countries like Finland and Canada have successfully adopted inquiry-based and context-based
approaches to science education, engaging students in real-world problem-solving, experimentation, and
reflection [24], [25], [26], [27]. These strategies have proven effective in significantly enhancing students'
motivation to learn, their conceptual understanding, and their critical thinking skills [28]. However, in Indonesia,
the implementation of these approaches remains limited due to several obstacles, including insufficient teacher
training, time constraints, and an evaluation system that predominantly focuses on lower-level cognitive skills.
Therefore, innovative and more contextual strategies, such as context-based inquiry learning, present a promising
alternative to promote active and reflective student engagement in the learning process.

The context-based inquiry learning model has emerged as an innovative approach that integrates context-
based learning with a scientific inquiry method. This model encourages students to develop a conceptual
understanding by exploring real-world situations [29]. A key feature of this model is its use of contextual problems
as the initial stimulus for learning. This is followed by various inquiry stages, including formulating questions,
conducting experiments, analyzing data, and drawing. This approach not only fosters active student engagement
but also provides opportunities for developing critical thinking skills through an authentic scientific process.

The immense potential of context-based inquiry learning in developing critical thinking skills lies in
student engagement at every stage of the learning process. The contextual issues raised encourage students to
identify real-world problems, formulate critical questions, and develop hypotheses to address them. The
experimentation and data analysis phases require students to logically evaluate evidence and compare various
possible solutions. Furthermore, the process of drawing conclusions and reflecting on them hones students' ability
to synthesize information, evaluate arguments, and make decisions based on relevant evidence. Thus, this model
provides a learning experience that integrates understanding of scientific concepts with critical thinking skills,
making it more suited to the needs of 21st-century education.

Several researchers support the effectiveness of real-life-based learning models in developing students'
critical thinking skills through meaningful learning. As stated in_[30] that connecting subject matter to real life
can increase students' motivation and interest in learning, which forms the basis for cognitive engagement. This
aligns with [31] who emphasized that a context-based inquiry approach encourages active exploration of real
phenomena and enhances higher-order thinking processes. As noted in [32], contextual inquiry fosters critical
thinking skills through the formulation of hypotheses, data analysis, and conclusion drawing. Furthermore, [33]
emphasized that local context-based science learning strengthens students’ conceptual understanding, and [34]
highlighted that real-life-based inquiry fosters logical as well as reflective evaluative skills. Similarly [35], [36],
found that local context-based learning projects can improve students’ ability to explain scientific concepts
coherently. This highlights the vital role of educators in facilitating real-life-based learning and underscores the
significance of their contributions to students’ learning outcomes.

While numerous studies have demonstrated the effectiveness of context-based inquiry learning (CBIL) in
enhancing critical thinking skills, most focus on general science contexts rather than plant diversity, a topic often
taught through memorization-oriented approaches. In addition, prior research typically reports overall critical
thinking gains without examining improvements across specific indicators, limiting deeper understanding of how
different cognitive dimensions develop. This study advances existing CBIL research by extending its application
to plant diversity learning (conceptual contribution), providing indicator-level analysis of critical thinking
development (methodological contribution), and situating the intervention within the Indonesian secondary
education context, where higher-order thinking remains a national challenge (contextual contribution). Through
this integrated approach, the study offers more precise empirical insight into how CBIL fosters structured and
measurable cognitive development in biodiversity instruction.

Based on this background, the purpose of this study was to analyze the effectiveness of the context-based
inquiry learning model in enhancing students' critical thinking skills related to plant diversity, as well as to
examine the differences in achievement levels of each critical thinking indicator between the experimental and
control classes. The indicators used have been proven relevant in measuring critical thinking skills in science [37],
[38], [39]. By combining real-life contexts and scientific inquiry stages, this model is expected to encourage
deeper conceptual understanding while developing higher-order thinking skills [40], [41]. Previous research also
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indicates that a contextual approach can enhance scientific literacy, foster learning engagement, and deepen the
understanding of concepts [29].

This research is expected to contribute to two aspects. Theoretically, it can enrich studies on the
effectiveness of context-based inquiry learning, particularly in biology teaching on plant diversity, and provide a
more comprehensive picture of the achievement of each critical thinking indicator. Practically, this research can
serve as a beacon of hope for teachers, offering them the means to design more meaningful, innovative, and
contextually relevant learning strategies that can significantly enhance students' critical thinking skills in line with
the demands of 21st-century education.

2. RESEARCH METHOD

This study employed a quasi-experimental method. The intervention was implemented over five weeks,
with 45-minute instructional sessions at each meeting, covering the entire plant diversity unit. This duration
ensured adequate exposure to the learning model, resulting in measurable improvements in students’ critical
thinking skills while maintaining comparability between groups. This method is used to determine the causal
relationship between independent and dependent variables without requiring a complete randomization process to
be applied to the research subjects [42], [43]. The study employed a non-equivalent control group design, an
effective quasi-experimental approach involving two groups experimental and control that were not randomly
assigned. This design is considered appropriate in situations where complete randomization is not feasible [44].
This design is considered capable of providing an overview of the effectiveness of a learning model despite
limitations in controlling external variables.

Table 1. Non-Equivalent Control Group Design Pattern

Class Pre-test Treatment Post-test
Experimental Q1 X1 Q2
control Qs X2 Q4
Explanation:

Qa: Pre-test in the experimental class.
Q2: Post-test in the experimental class
X1 Implementation of the context-based inquiry learning model
Xz: Application of the discovery learning learning model
Qs: Pre-test of control class
Qa: Post-test of control class

The research subjects were grade X students of a public high school in Sukabumi City during the 2024/2025
academic year, with a sample of two classes selected using purposive sampling (Etikan, 2016): X.10 (n = 34,
experimental) and X.9 (n = 35, control). The class selection took into account the equality of student numbers, the
homogeneity of academic abilities, and the availability of learning facilities.

Table 2. Research Instruments
Instrument Indicator Scale Objective
Measuring cognitive
achievement
Measuring students'
Likert five-point disposition towards
critical thinking
Knowing students'
perceptions

Critical thinking skills test  Interpretation, Analysis, Score 0-100
Evaluation, Inference,
Explanation, Self-
Regulation

Attitude scale

Interest, Model evaluation,

Response questionnaire . .
P q Skills, Material relevance

Four-point Likert

The research procedure was carried out in several stages, employing multiple evaluation methods to ensure
the thoroughness of the study. First, a pre-test was administered to the experimental and control classes to measure
students' initial critical thinking skills. Second, the experimental class received treatment using a context-based
inquiry learning model, while the control class underwent conventional learning with a discovery learning model.
Third, a post-test was administered to both classes to evaluate improvements in critical thinking skills. Next, an
attitude scale questionnaire was used to identify tendencies in critical thinking attitudes, and a response
questionnaire was explicitly distributed to the experimental class to determine students' perceptions of the learning
implemented.

The primary instrument was a critical thinking skills test developed based on six indicators adapted from
the Facione framework: interpretation, analysis, evaluation, inference, explanation, and self-regulation. The test
consisted of 12 essay items designed to assess higher-order thinking in plant diversity material and was scored
using an analytic rubric (0-4 scale) evaluating conceptual accuracy, reasoning, explanation clarity, and
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justification, with scores converted to a 0-100 scale. Content validity was established through expert judgment
involving three experts in biology education and assessment, and revisions were made accordingly. Construct
validity was examined through item difficulty and discrimination analysis. Reliability testing using Cronbach’s
alpha yielded o= 0.87, indicating high internal consistency. Additionally, an attitude scale (five-point Likert) and
a response questionnaire (four-point Likert) were administered and demonstrated acceptable reliability (o = 0.82
and o = 0.85).

The data analysis in this study aimed to address the research questions and evaluate the effectiveness of
the context-based inquiry learning model. The analytical procedures included the Shapiro—-Wilk test to examine
the normality of pre-test and post-test scores, Levene’s test to assess the homogeneity of variances, and an
Independent Samples t-test to compare the mean critical thinking scores between the experimental and control
groups at a significance level of a = 0.05. Learning improvement was analyzed using the normalized gain (N-
Gain) to determine the extent of students’ progress relative to their initial performance. Meanwhile, data obtained
from the attitude scale and student response questionnaires were converted into mean scores and percentages for
interpretation. The integration of inferential statistical analysis (t-test and N-Gain) and descriptive percentage
analysis provides a comprehensive evaluation of instructional effectiveness, encompassing both cognitive
outcomes and students’ affective responses toward the learning process.

3. RESULT AND DISCUSSION

The research data obtained were then analyzed using prerequisite tests and hypothesis tests. Prerequisite
tests included normality and homogeneity tests, while hypothesis tests were used to determine significant
differences between the experimental and control classes.

Table 3. Statistical analysis of the influence of CBIL

Class

Test/Data Type Experimental Control Explanation

Mean + SD Pre-test 37,94 +£1,04 38,57 £1,06 Initial equivalent ability
B Post-test 8757+13 70,85 +1,37

N-Gain 0,8 0,53
Normality gges_tt-?zgt 81; 82‘;’ Normally distributed data
Homogeneity iges-ttjztst 82;1 Homogen

. . Pre-test 0,67 There is no initial difference
Test T (Sig. 2- Tailed) Post-test 0 There is a significant difference
Conclusion The Context-Based Inquiry Learning learning model is efficacious in improving students' critical

thinking skills.

The results of the study showed that the pre-test and post-test data in both the experimental and control
classes were normally and homogeneously distributed, thus meeting the requirements for a t-test. The t-test on the
pre-test data yielded a significance value of 0.674 (>0.05), meaning that the initial abilities of both classes were
equal. After treatment, the t-test results on the post-test showed a significance value of 0.000 (<0.05), indicating
a significant difference between the experimental and control classes. This difference was supported by the N-
Gain analysis, which showed that the experimental class achieved a score of 0.8 (high category), while the control
class achieved only 0.53 (medium category).

100 87,57 1
80 70,85 0,8
60 0,6
37,94 38,57
40 04
0 0
Experimental Control N-Gain
m Pre-test m Post-test m Experimental m Control
Figure 1. Comparison of Pretest-posttest Values Figure 2. Comparison of N-Gain Values
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The analysis results showed that the average pretest scores of the experimental class (37.94) and the control
class (38.57) were relatively similar, indicating that the students' initial abilities were equal. After the treatment,
the average posttest score of the experimental class increased significantly to 87.57, while the control class reached
only 70.85. This difference is increasingly evident in the pretest—posttest comparison diagram (Figure 1), which
shows a higher increase in the experimental class. The N-Gain analysis also supported this finding, with a score
of 0.8 (high category) in the experimental class and 0.53 (medium category) in the control class (Figure 2). These
results not only validate the effectiveness of Context-Based Inquiry Learning in improving students' critical
thinking skills but also offer hope for its potential to revolutionize conventional learning methods. This finding is
also consistent with the struggles of Indonesian students in developing critical thinking skills, as highlighted
earlier [15]. Students in Indonesia have been shown to struggle with critical thinking skills due to rote learning
methods [16], [17], and we need to understand and address this issue.

1 0,88
0 0,83 0,81 0,79 0,77 012
05 0,55 051 0.6 0,54 0.48 0.6
04
02 I I
0

Interpretation Analysis Evaluation Inversion Explanation  Early Regulation
m Experimental ® Control

Figure 3. Comparison of N-Gain Values per Indicator

The analysis results showed that all critical thinking indicators experienced a significant increase in the
experimental class compared to the control. The N-Gain value and attitude scale questionnaire supported this
finding, where the indicators of interpretation (0.83 vs. 0.55), analysis (0.81 vs. 0.51), evaluation (0.88 vs. 0.56),
inference (0.79 vs. 0.54), explanation (0.77 vs. 0.48), and self-regulation (0.72 vs. 0.55) were consistently higher
in the experimental class. This robust evidence suggests that the Context-Based Inquiry Learning model is highly
effective in enhancing the skills of interpreting information, analyzing arguments, evaluating data, drawing
conclusions, constructing logical explanations, and engaging in critical self-reflection, with the potential to
significantly impact teaching methods and critical thinking development.

These findings align with a recent formulation of critical thinking as “purposeful, self-regulatory judgment
which results in interpretation, analysis, evaluation, and inference, as well as explanation of the evidential,
conceptual, methodological, criteriological, or contextual considerations upon which that judgment is based [37],
[39]. The improvement in these indicators is supported by previous research [31], which confirms that inquiry-
based contextual learning enhances conceptual understanding and problem-solving by connecting students with
real-life experiences. Therefore, the implementation of this model not only impacts learning outcomes but also
equips students with comprehensive critical thinking skills to face 21st-century challenges. This supports the
assertion in the introduction that critical thinking is a core competence for 21st-century education [5], [6], [7].

91,18 89, 71 0,2 94, 12 89.12 93,24
100 %0,29 80,29 81,14
80 61,14

60
40
20
0

Interpretation Analysis Etpetiorent = Clonveadion Explanation  Early Regulation

Figure 4. Attitude Scale for Each Critical Thinking Ability Indicator

Based on Figure 4, the students' attitudes toward critical thinking in the experimental class yielded very
high results, with an inference score of 94.12%, self-regulation of 93.24%, interpretation of 91.18%, evaluation
of 90.29%, analysis of 89.71%, and explanation of 89.12%. All scores fell within the "very good" category,
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confirming that students not only mastered the critical thinking process but also demonstrated a positive attitude
toward its application in learning.

In the control class, the scores obtained were lower, with inference at 84.29%, self-regulation at 81.14%,
interpretation at 81.14%, evaluation at 80.29%, explanation at 80.29%, and analysis at 79.14%. These results were
only in the "good" to near "very good" category. These findings demonstrate that context-based inquiry learning
not only enhances cognitive abilities but also cultivates positive dispositions and attitudes toward critical thinking,
which are crucial in developing reflective, independent, and sustainable learners.

92 91,18
90,07
%0 88,97 88,24
88 86,76 87,13
; i = B
84
Interpretation Analysis Evaluation Inversion Explanation Early

Regulation

m Student Responses
Figure 5. Student Responses for each Indicator

Based on the questionnaire results (Figure 5), the average student response to the implementation of
context-based inquiry learning reached 88.73%, categorized as very good. The indicators with the highest scores
were student assessments of the learning model (91.18%) and the model's relationship to the plant diversity
material (90.07%). These results indicate that students considered this model effective, enjoyable, and helped
them understand biological concepts more concretely Importantly, these findings align with previous studies [24],
[28], providing further validation of the effectiveness of context-based and inquiry-based learning in enhancing
conceptual understanding, providing further validation of the effectiveness of context-based and inquiry-based
learning in enhancing conceptual understanding. This aligns with international practices where inquiry-based
learning has been widely successful, such as in Finland and Canada [24], [25], [26], [27].

Other indicators included interest in the model (88.97%), increased critical thinking skills (88.24%),
assessment of critical thinking development (86.76%), and interest in plant diversity (87.13%). These positive
responses reflect that student’s felt more motivated, actively engaged, and aware of the development of their
critical thinking skills. Overall, the results confirm that the implementation of context-based inquiry learning not
only improves test scores but also strengthens students' affective aspects and participation in learning.

The study's results indicate that the application of Context-Based Inquiry Learning (CBIL) effectively
enhances students' critical thinking skills. The t-test analysis revealed no significant difference in initial abilities
(pretest) between the experimental and control classes. However, after treatment, a significant difference was
found in the posttest, with an average of 87.57 for the experimental class, which was higher than 70.85 for the
control class. This improvement was reinforced by the N-Gain analysis, which showed that the experimental class
achieved a score of 0.80 (high category), while the control class achieved a score of 0.53 (medium category).
These data indicate that CBIL can provide more optimal improvements compared to conventional learning.

Analysis of each critical thinking indicator also showed consistent improvement in the experimental class,
including in interpretation, analysis, evaluation, inference, explanation, and self-regulation, all of which were
higher than in the control class. These results confirm that CBIL effectively trains higher-order thinking skills
comprehensively through a real-world context-based inquiry process. This improvement aligns with previous
frameworks, which emphasise these six key aspects as the foundation of critical thinking [37], [39]. The attitude
scale revealed that students in the experimental class had a highly positive attitude toward critical thinking, with
scores on all indicators falling within the "very good" category (89-94%). In contrast, the control class only
achieved the "good" to near-very good category. This difference suggests that CBIL not only affects cognitive
abilities but also influences students' positive dispositions toward critical thinking. This positive attitude is
important because it is a prerequisite for the formation of reflective, independent, and sustainable learners. The
results of the student response questionnaire further strengthen previous findings. The average response rate
reached 88.73%, categorised as very good, particularly for the model assessment indicators (91.18%) and the
model's relationship to the plant diversity material (90.07%). Furthermore, students found the model interesting,
enjoyable, and helpful in concretely understanding biological concepts. These findings confirm that CBIL not
only improves academic achievement but also creates a more meaningful and contextual learning experience.

Overall, data triangulation showed consistent findings across three main aspects: (1) cognitive, through
increased posttest and N-Gain scores; (2) affective, through students' positive attitudes toward critical thinking;
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and (3) perceptual, through excellent responses to learning. The combination of these three aspects provides strong
evidence that CBIL is a practical and relevant learning model for developing students' critical thinking skills, in
line with previous research findings [24], [28], [31].

4. CONCLUSION

The findings of this study demonstrate that context-based inquiry learning significantly enhances students’
critical thinking skills in plant diversity, with measurable improvement across all critical thinking indicators.
Beyond confirming effectiveness, this study contributes to biology education theory by empirically supporting
the integration of contextual learning and structured scientific inquiry as a mechanism for fostering higher-order
cognitive development in biodiversity instruction—an area traditionally dominated by descriptive and
memorization-based approaches. The indicator-level analysis further refines the theoretical understanding of how
specific dimensions of critical thinking evolve within context-driven inquiry processes. In practice, the results
provide a structured pedagogical model that biology teachers can use to design lessons that connect real-life
contexts with analytical reasoning tasks, thereby promoting reflective, participatory, and argument-based learning
environments. In terms of research advancement, this study extends CBIL scholarship by situating its application
within plant diversity content and the Indonesian secondary education context, offering granular empirical
evidence of its cognitive and affective impact. Future research is recommended to examine the long-term retention
effects of CBIL, its applicability across different biology topics and grade levels, and its integration with digital
or technology-enhanced learning environments. Further studies employing larger, more diverse samples,
randomized experimental designs, and mixed-methods approaches would also strengthen the generalizability and
explanatory depth of CBIL research. Collectively, these contributions position context-based inquiry learning not
merely as an alternative instructional strategy, but as a theoretically grounded and practically actionable approach
to strengthening 21st-century thinking skills in science classrooms.
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