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ABSTRACT 

One of the issues in biology education is the low level of students’ critical thinking skills. This is 
primarily due to conventional, teacher-centered learning approaches that do not allow students to 
develop their thinking. Therefore, innovative teaching strategies are needed to enhance students’ 
critical thinking abilities, like the discovery learning model integrated with reflective learning 
journals. This study aims to investigate the impact of the discovery learning model integrated with 
reflective learning journals in improving students’ critical thinking skills, including an analysis based 
on high and low academic abilities. This quasi-experimental study employs a pretest-posttest control 
group design. The sample was selected using cluster random sampling at SMA Negeri 2 
Karanganyar, with class X-E8 as the control group and class X-E6 as the experimental group. Primary 
data was collected with observation sheets, tests, and documentation. Hypothesis testing was 

conducted using ANCOVA and N-Gain tests. The findings indicate significant differences in 
students’ critical thinking skills on environmental changes when taught using the discovery learning 
model alone compared to the discovery learning model combined with reflective learning journals. 
Moreover, differences were observed based on students’ high and low academic abilities. Combining 
the discovery learning model with reflective learning journals enables students to identify and 
formulate problems based on observed phenomena, determine learning objectives, gather data, draw 
conclusions, and articulate their thoughts through reflective journal writing. This instructional 
approach is used for broader implementation and further investigation to assess its impact on other 
learning outcomes. 
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Introduction 

The rapid development of technology and information in the 21st century has led to significant 
changes in various aspects of human life, including education (Mardhiyah et al., 2021). 
Developing a 21st-century education concept is crucial due to the increasing competition in 
the job market, where cognitive skills only are insufficient for students (Ariyanto et al., 2020). 
One of the essential competencies in 21st-century education is critical thinking (Halim, 2022). 
 Critical thinking involves analyzing and evaluating information. It is a self-directed, self-
disciplined, self-monitored, and self-corrective way of thinking (Paul & Elder, 2006). 
According to Facione (2015), the core of critical thinking includes interpretation, analysis, 
evaluation, inference, explanation, and self-regulation. Halim (2022) asserts that critical 
thinking underpins various other competencies and can be integrated with creative thinking, 
problem-solving, and innovation skills. 
 Previous research indicates that students’ critical thinking skills in several research areas 
are relatively low. Susilowati et al. (2017) found that students’ critical thinking skills were 
generally low, with an average score of 51.60%. The percentage of each critical thinking aspect 
revealed low scores: interpretation (54.87%), analysis (46.56%), evaluation (54.58%), inference 
(49.24%), explanation (43.83%), and self-regulation (60.44%). Similarly, research by Suharyani 
et al. (2023) at SMA Negeri 2 Mranggen on the environmental change topic showed that 
students’ critical thinking skills remained low. This issue may be attributed to teaching 
strategies that do not focus on empowering critical thinking and often emphasize conceptual 
understanding. 
 Biology education involves scientific aspects encompassing facts and principles derived 
from scientific processes requiring critical thinking for problem-solving (Agnafia, 2019). 
Interviews with biology teachers at a high school revealed that innovative teaching methods 
are rarely employed, and students’ critical thinking skills are still low, as evidenced by their 
lack of active participation in asking questions, answering questions, and expressing opinions 
in biology classes. Hamdani et al. (2019) concur that the low critical thinking skills are due to 
conventional, teacher-centered learning methods that focus on rote learning, providing 
students with few opportunities to develop their thinking. 
 Moreover, low critical thinking skills may result from teachers not considering 
differences in academic ability in the classroom. Students with higher academic abilities tend 
to have better critical thinking skills than those with lower academic abilities (Setiawati & 
Corebima, 2017). Current teaching strategies often fail to address the diverse academic abilities 
of students, leading to a significant gap between high and low-achieving students in problem-
solving and critical-thinking skills (Karmana et al., 2020). Therefore, innovative teaching 
methods are needed in biology education to effectively enhance students’ critical thinking 
skills. 
 One approach to improving students’ critical thinking skills is implementing the 
discovery learning model (Dari & Ahmad, 2020). This student-centered model involves 
students in observation, reasoning, and communication activities to develop their critical 
thinking skills. Discovery learning requires students to investigate, think critically, and 
independently find answers to problems (Melati et al., 2022). Ellizar et al. (2019) found that 
discovery learning effectively enhances students’ critical thinking skills across different 
academic abilities. The discovery learning model assumes that students can independently 
discover knowledge, but this model can be challenging for students with learning problems. 
According to Westwood (2008), students with learning problems often struggle to form 
opinions, make predictions, or draw conclusions from this discovery learning. Therefore, an 
additional method is needed to overcome the weaknesses of this model. One is combining the 
discovery learning model with reflective learning journals. 
 Reflective learning journals can stimulate students’ critical thinking skills. Writing 
reflective journals expresses critical ideas and self-reflection (Sudirman et al., 2021). Reflective 
journal writing is linked to critical thinking because it involves students reflecting on their 
learning activities and directly engaging their thought processes (Munawaroh et al., 2015). 
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 The discovery learning model combined with reflective learning journals is suitable for 
teaching environmental change, which involves critical thinking and problem-solving skills 
due to its relevance to everyday life (Sado et al., 2020). The characteristics of environmental 
change are marked by contextual problems, where students face biological issues occurring in 
their surroundings. Students are expected to find appropriate solutions or strategies based on 
scientific evidence and apply them daily (Hidayah & Kuntjoro, 2022). 
 Given these challenges, combining discovery learning with reflective journals is 
anticipated to make learning activities more effective and enhance students’ critical thinking 
skills. This study examines the differences in students’ critical thinking skills when using the 
discovery learning model compared to the discovery learning model combined with reflective 
learning journals, including an analysis based on high and low academic abilities. This 
combination is expected to facilitate critical thinking skills across all levels of students’ 
academic abilities. 

Methods 

Research Design 
This study uses a quasi-experimental design with a pretest-posttest control group design. Two 
groups were randomly selected. The control group (X1) received the discovery learning model 
as the control treatment. The experimental group (X2) received the discovery learning model 
combined with reflective learning journals as the experimental treatment. The research design 
is shown in Table 1. 

Table 1. Research design 

Group Pretest Treatment Posttest 

Control O1 X1 Q2 
Experimental O1 X2 Q2 

Population and Sample 
The population for this study includes students from classes X-E1, X-E2, X-E3, X-E4, X-E5, X-
E6, X-E7, and X-E8 at SMA Negeri 2 Karanganyar. The population was tested for homogeneity 
before the sample was selected. The sample consists of two randomly selected classes: class X-
E8, which has 30 students as the control group, and class X-E6, which has 30 students as the 
experimental group. 

Data Collection Techniques 
Data collection for this study involved using observation sheets to assess the implementation 
of the discovery learning model, pretest and posttest to measure critical thinking skills, 
reflective learning journals (only for the experimental group), and documentation (semester 
scores to determine the sample class). The critical thinking test has a validity value > 0.55 and 
a reliability score of 0.707, indicating that the questions are valid and reliable. The observation 
instruments and reflective learning journals were validated by two experts and deemed 
suitable for use. 

Data Analysis 
Student semester scores were analyzed to determine the research sample. Following the 
collection of semester score data, normality and homogeneity tests were conducted to ensure 
the data met the necessary statistical assumptions. Two classes, X-E8 and X-E6, were randomly 
selected as the research sample from a population of eight classes confirmed to be normally 
distributed and homogeneous. 
 Observation sheets were utilized to evaluate the implementation of the discovery 
learning model’s syntax. Training observers conducted observations using a four-point Likert 
scale ranging from 1 (lowest) to 4 (highest). Once the observation data were collected, the 
scores were calculated to quantify the level of success in implementing the model. These scores 
provided a comprehensive assessment of the implementation quality, where higher scores 
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indicated effective application of the discovery learning syntax, and lower scores highlighted 
areas requiring improvement. A subsequent analysis was performed to determine the overall 
effectiveness and identify specific aspects needing refinement. 
 Data analysis involves testing for normality, homogeneity, linearity, and independence. 
Hypothesis testing is conducted using ANCOVA and N-Gain tests. The decision rule for 
ANCOVA is: if the p-value > 0.05, then H0 is accepted and Ha is rejected; if the p-value < 0.05, 
then H0 is rejected and Ha is accepted. 
 The N-Gain test measures the difference between a subject’s pretest and posttest results 
(Widyastuti et al., 2024). It is calculated using Hake’s (1998) formula and categorized according 
to Table 2. 

< 𝑔 > =
< 𝑆𝑝𝑜𝑠𝑡 >  − <  𝑆𝑝𝑟𝑒 >

100 − <  𝑆𝑝𝑟𝑒 >
 

Note: 
<g>  : Normalized gain average 
<Spost>  : Average score of the posttest 
<Spre> : Average score of the pretest 
 

Table 2. N-gain categories (Eviyanti, 2018) 

N-Gain Categories 

g ≥ 0.7 High 
0,3 ≤ X̄ < 0,7 Medium 

G < 0,3 Low 

Results and Discussion 

Results of the Normality and Homogeneity Test of the Research Population 
 A normality test using the Shapiro-Wilk test was conducted for all samples. The results 
are presented in Table 3. 

Table 3. Results of the normality test of the research population 

Source Class Significance Condition Conclusion 

Students’ academic ability X-E1 0,146 Sig. > 0,05 H0 accepted 

X-E2 0,300 Sig. > 0,05 H0 accepted 

X-E3 0,188 Sig. > 0,05 H0 accepted 

X-E4 0,140 Sig. > 0,05 H0 accepted 

X-E5 0,110 Sig. > 0,05 H0 accepted 

X-E6 0,161 Sig. > 0,05 H0 accepted 

X-E7 0,101 Sig. > 0,05 H0 accepted 

X-E8 0,053 Sig. > 0,05 H0 accepted 

  Table 3 shows that all classes have a significance value of more than 0.05. This means 

that H0 is accepted or the data is normally distributed. After the normality test is conducted, 
the next step is the homogeneity test, which is carried out using the Levene test. The results of 
the homogeneity test are presented in Table 4. 

Table 4. Results of the homogeneity test of the research population 

Source Significance Condition Conclusion 

Students’ academic ability 0,977 Sig. > 0,05 H0 accepted 

 Table 4 shows that the significance value of students’ academic abilities is more than 

0.05. It means that H0 is accepted or the data is homogeneous. 
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Observation Results on the Implementation of Discovery Learning Syntax 
Both groups observed the implementation of discovery learning syntax at every meeting. The 
observation results are presented in Table 5. 
 
Table 5. Observation results on the implementation of discovery learning syntax 

Syntax 

Scores 

Control Group Experimental Group 

Meeting 1 Meeting 2 Meeting 1 Meeting 2 

Apperception and Motivation 
- Opening the lesson 

- Giving apperception 

- Giving motivation 

 
4 
4 
4 

 
4 
4 
4 

 
4 
4 
4 

 
4 
4 
4 

Orientation 4 4 3 3 
Hypothesis Generation 3 4 3 4 
Hypothesis Testing 4 4 4 4 
Conclusion 4 4 4 4 
Regulation 3 3 3 4 
Evaluation 4 4 4 4 
Reflection 3 4 3 3 
Closing 4 4 4 4 

Total 41 43 40 42 

Percentage 93.18% 97.72% 90.9% 95.45% 

 Table 5 shows the percentage of implementation syntax in the control and experimental 
groups. In every meeting, both the control and experimental groups had percentage values 
above 90. 

Description of Pretest and Posttest Critical Thinking Skills Data 
Pretests and posttests were administered to the experimental and control groups to assess 
students’ critical thinking skills. Table 6 presents statistical data for the pretest and posttest 
results. 

Table 6. Comparison of pretest and posttest results for critical thinking skills in the control and 

experimental groups 

Statistical Analysis 
Control Group Experimental Group 

Pretest Posttest Pretest Posttest 
Mean 61.24 69.16 64.73 76.81 
Median 62.5 70.8 66.7 79.2 
Std. Deviation 7.98 6.71 7.72 7.15 
Variance 63.63 45.05 59.58 51.15 
Minimum 45.8 58.3 45.8 58.3 
Maximum 75 87.5 79.2 91.7 

 Table 6 shows an increase in the average scores for both the control and experimental 
groups. The control group experienced an increase of 7.92, whereas the experimental group 
experienced an increase of 12.08. This data indicates that both groups showed improvement 
following the intervention. 

ANCOVA Results for Students’ Critical Thinking Skills 
The critical thinking skills test results were further analyzed using ANCOVA, with students’ 
academic ability as the covariate. The data for students’ critical thinking skills and academic 
ability were normal, homogeneous, linear, and independent, thus meeting the requirements 
for performing ANCOVA. The outcomes of the first hypothesis test are presented in Table 7. 
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Table 7. ANCOVA Results for Students’ Critical Thinking Skills 

Data 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. Condition Conclusion 

Learning 
Model 

193,8 1 193,8 4,173 0,046 Sig.<0.05 
H0 

rejected 

 
 Table 7 shows a significance value of less than 0.05, leading to the rejection of H0. This 
indicates a difference in students’ critical thinking skills on environmental change topics 
between those using the discovery learning model and those using the discovery learning 
model combined with reflective learning journals. The average score for essential thinking 
skills of students in the experimental group was higher than that of the control group. 
Therefore, the discovery learning model combined with reflective learning journals positively 
impacts the critical thinking skills of X-grade students at SMA Negeri 2 Karanganyar. 

Critical Thinking Skills of High and Low Academic Ability 
The difference between pretest and posttest scores was further analyzed using the N-Gain test 
for both high and low-academic-ability students in each group. Table 8 presents a comparison 
of N-Gain for different academic abilities. 

Table 8. Comparison of N-gain across different academic abilities 

Group 
Academic 

Ability 
Average 

N-Gain Category 
Pretest Posttest 

Control High 62,9 70,8 0,213 Low 

Low 60,4 67,1 0,169 Low 
Experiment High 63,8 76,2 0,344 Medium 

Low 66,7 80,4 0,402 Medium 

 Table 8 shows that the N-Gain for critical thinking skills in the control group is higher 
for students with high academic ability than for those with low academic ability. Conversely, 
in the experimental group, the N-Gain is higher for students with low academic ability than 
for those with high. This indicates improved critical thinking skills for both high and low-
academic-ability students. 

Comparison of Critical Thinking Skills Between Control and Experimental Groups 

A hypothesis test using ANCOVA demonstrated a significant difference in students’ critical 
thinking skills on the topic of environmental change when using the discovery learning model 
compared to the discovery learning model combined with reflective learning journals. 
Although both groups showed improvement, the average increase in the experimental group 
was higher than in the control group. Applying the discovery learning model and reflective 
learning journals in the experimental group was a key factor in enhancing students’ critical 
thinking skills. 
 Observations revealed that students in both the control and experimental groups 
exhibited similar levels of active participation during the learning process. Students 
demonstrated engagement by asking questions, expressing opinions, and contributing 
actively to group discussions. For instance, during group presentations, students from non-
presenting groups enthusiastically posed questions to the presenting group, fostering a 
dynamic and interactive learning environment. This high level of participation promoted 
collaboration and critical thinking, ensuring that the classroom atmosphere remained vibrant 
and far from passive. According to Marisya & Sukma (2020), the discovery learning model 
emphasizes active student participation in the learning process and allows students to 
discover and investigate concepts independently, leading to more durable learning outcomes. 
Previous research by Melati et al. (2022) supports this finding, showing that students in the 
experimental group using the discovery learning model had higher critical thinking skills, 
with an average score of 78.62, compared to students in the control group using direct 
instruction, who had an average score of 52.91. 
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 In addition to the learning model, the experimental group also engaged in reflective 
learning journal writing. This approach allowed students to connect theory and practice, 
integrating intrapersonal, interpersonal, cognitive, emotional, and professional aspects of their 
selves (Bruno & Dell’Aversana, 2017). Reflective learning journals also aid students in self-
reflection, recalling material, enhancing understanding, and increasing knowledge (Arter et 
al., 2016; Sudirman et al., 2021; Susilo et al., 2022). Writing reflective journals allows students 
to develop self-awareness and prepare for future learning by helping them understand what 
will be learned and how to approach it. The journal supports students in maintaining reflective 
notes based on their own experiences and observations, studying and understanding them 
better, and making informed decisions on addressing challenges. Consequently, reflective 
journal writing can assist students in developing meaningful, critical, and constructive 
learning skills (Yadav, 2022). Although reflective journaling requires additional time, the 
critical thinking and analysis level achieved is well worth the effort (Arter et al., 2016). 
 The reflective learning journal utilized in this study is a modified version of the reflective 
writing model from Northern Illinois University. This model includes the following 
components: "write, record,"; "reflect, think about, "; "analyze, explain, gain insight,"; 
"conclusions," and "personal action plan" (Nga, 2016). The journal assignment was integrated 
into the evaluation phase of the regulation stage of the discovery learning model. An example 
of a student’s reflective learning journal entry is shown in Figure 1. 
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Figure 1. Results of student reflective learning journal work (Indonesian-upper and English-
bottom) 

 Writing reflective learning journals at the end of each meeting indirectly encourages 
students to take more responsibility for their learning process (Munawaroh et al., 2015). 
Reflective learning journals serve as a means to connect existing knowledge with new 
knowledge, forming significant concepts and responsible responses. Implementing reflective 
learning journals is crucial as they can be a tool for teachers to create a thinking environment 
that goes beyond the learning material, fostering deeper understanding and appropriate 
responses from students (Kainde & Tahya, 2020). Writing these journals helps students 
develop critical thinking skills and intellectual abilities. In this context, writing reflective 
learning journals benefits students by promoting critical reflection and self-discovery 
responses to the topic (Sudirman et al., 2021). The combination of discovery learning and 
reflective learning journals enhances students’ critical thinking skills by allowing them to 
identify and formulate problems based on phenomena, set learning goals, collect data, draw 
conclusions, and express their thoughts through journal writing. 

Critical Thinking Skills in High and Low Academic Abilities 
The N-Gain test determines whether students’ scores increase or decrease after receiving 
treatment. The gain score is the value obtained from the difference between scores after and 
before the treatment (posttest-pretest) with the maximum score achieved (Hake, 1998). Both 
the control and experimental groups experienced an increase in critical thinking skills; 
however, the rate of improvement in the control group was relatively lower compared to the 
experimental group. 
 The N-Gain results for the control group show that students with higher academic 
abilities have a higher N-Gain than students with lower academic abilities. This finding aligns 
with Danil’s (2021) opinion that students with higher academic abilities can better respond to 
and understand lessons, process information, organize and explore knowledge, and draw 
conclusions based on available information, leading to significantly higher critical thinking 
skills. 
 The N-Gain in the experimental group showed higher results than the control group for 
both high and low academic abilities. Interestingly, students with lower academic abilities had 
a higher N-Gain than those with higher academic abilities. This finding suggests that students 
with lower academic abilities were able to improve their critical thinking skills more 
significantly than those with higher academic abilities. This is consistent with the study by 
Cahyani et al. (2018), which found that the achievement of critical thinking skills in students 
with lower academic abilities was higher than in those with higher academic abilities. The 
improvement in critical thinking skills among students with lower academic abilities may be 
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attributed to the discussion activities between students of different academic abilities during 
the learning process. Higher-ability students often provide guidance or peer tutoring to those 
with lower academic abilities during these activities. 
 During the evaluation phase of the discovery learning model, students were assigned 
the additional task of writing reflective learning journals. This task engages students in critical 
thinking as they must re-evaluate and reconstruct their arguments. According to Nisak et al. 
(2017), students with lower academic abilities require more time to master skills than their 
higher-achieving peers. However, with sufficient time, these students can achieve similar 
targets. Writing reflective journals offers extra time for lower-ability students to reflect on their 
learning, enhancing their critical thinking skills. 
 Students’ effort in writing reflective learning journals is a key factor that can affect their 
learning outcomes. Students with higher academic abilities usually have strong analytical 
skills but might not put as much effort into writing journals because they feel confident in their 
understanding of the topic. As a result, their reflections may be less thorough. In contrast, 
students with lower academic abilities tend to put more effort into writing reflective journals. 
They work diligently to grasp the topic and reflect on their learning process, even if their initial 
understanding is limited. This extra effort can lead to higher N-Gain, as the reflective process 
helps them improve their understanding. 

Conclusion 

Based on the research findings, there are differences in students’ critical thinking skills 
regarding environmental change topics when using the discovery learning model and the 
discovery learning model combined with reflective learning journals. Students’ critical 
thinking skills in the discovery learning model, combined with reflective learning journals, 
were higher compared to the discovery learning model alone. Additionally, there are 
differences in critical thinking skills based on students’ academic abilities (high and low) when 
using the two learning models. Critical thinking skills were higher in the discovery learning 
model combined with reflective learning journals for high and low-academic-ability students. 
Reflective learning journals contributed to the increase in N-Gain as the reflective process 
helped students improve their understanding. 
 The research findings indicate that implementing discovery learning integrated with 
reflective learning journals significantly enhances students’ critical thinking skills, particularly 
in terms of environmental change. The reflective process facilitated by the journals prompts 
students to analyze, evaluate, and synthesize the concepts learned, strengthening their critical 
thinking abilities. Furthermore, reflective learning journals indirectly promote environmental 
awareness by encouraging students to examine their attitudes and behaviors toward 
environmental issues. Through reflective engagement, students are prompted to consider the 
real-world implications of environmental changes and their responsibility in fostering 
sustainable environmental practices. Future implementations and research should explore the 
impact of combining discovery learning with reflective learning journals on other learning 
outcomes. 
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