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Abstract

Education plays an important role in developing students’ thinking abilities as reflected in their learning
outcomes. This research aims to examine the effect of the contextual teaching and learning (CTL) model
on the students’ cognitive learning outcomes, which refer to conceptual understanding and cognitive
thinking skills across Bloom’s taxonomy levels. This research employed a quasi-experimental design using
a non-randomized control group pretest—posttest design. We involved two groups of senior high school
students, each consisted of 30 students. The experiment group was taught using the CTL model, while the
control group was taught using the problem-based learning (PBL) model. Data were collected through
pretest and posttest instruments. The results showed that the experimental class achieved a higher mean
posttest score (55.24) than the control class (36.27). One-Way ANCOVA analysis indicated that the CTL
model had a significant effect in improving the students’ cognitive learning outcomes in Biology.
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INTRODUCTION

Biology learning requires students not only to memorize concepts but also to understand,
analyze, and relate biological phenomena to real-life situations (Suryanda, 2024), because
Biology concepts are closely linked to everyday phenomena and therefore demand learning
processes that promote active engagement, inquiry-based activities, and contextual
understanding (Ulfah et al., 2021; Nurwahidah, 2023). However, in practice, Biology learning is
often dominated by theoretical explanations and teacher-centered approaches, which limit
students’ opportunities to actively construct knowledge and negatively affect motivation and
learning outcomes (Hanaris, 2023).

Based on preliminary data collected at SMAN 14 Kota Jambi through questionnaires and
documentation, it was found that 65% of students experienced difficulties in understanding
Biology material, while 50.5% of students obtained low cognitive learning outcomes, indicating
that the learning process has not yet facilitated deep conceptual understanding (Mariati, 2018).
These quantitative findings were reinforced by interview results with Biology teachers, which
revealed that students tended to be passive during lessons, relied heavily on teacher
explanations, and had difficulty connecting abstract Biology concepts, particularly virus material,
to real-life contexts; moreover, although the Merdeka Curriculum has been implemented using
the Problem Based Learning (PBL) model, its application has not been effective in increasing
students’ motivation and cognitive learning outcomes, a condition also reported in previous
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studies related to less contextual learning approaches (Ningtyas & Pradikto, 2025; Hanaris,
2023).

Cognitive learning outcomes are closely related to students’ thinking abilities, which are
classified into Lower-Order Thinking Skills (LOTS) and Higher-Order Thinking Skills (HOTS)
(Ginting et al., 2024), where LOTS includes remembering, understanding, and applying (C1-C3),
characterized by recalling facts and basic comprehension, while HOTS includes analyzing and
evaluating. (C4-C5), which involve critical thinking, problem-solving, and the ability to connect
concepts across contexts (Ginting et al., 2024).

This study only uses indicators C1-C5 because the absence of C6 (creating) in this study is due
to the results of the instrument validation process. Based on the validity analysis, only test items
measuring cognitive levels C1-C5 met the validity criteria and were therefore used in data
analysis, while items intended to assess C6 did not meet the required validity standards and
were excluded. As a result, the measurement of students' cognitive learning outcomes in this
study was limited to levels C1-C5, which are sufficient to represent students' conceptual
understanding and higher-order thinking within the scope of the validated instrument.

Unfortunately, learning activities in schools often emphasize LOTS, resulting in students’
limited ability to analyze and interpret biological phenomena (lhsan & Hasruddin, 2024).
Learning outcomes are strongly influenced by external factors, particularly the learning models
and strategies used by teachers (Hanaris, 2023), and conventional teacher-centered learning
models have been shown to reduce student motivation and participation, leading to superficial
understanding and low cognitive achievement (Ningtyas & Pradikto, 2025), as also observed at
SMAN 14 Kota Jambi where students’ average cognitive learning outcomes and analytical
abilities remain low (Kurniawan et al., 2025).

Considering the characteristics of Biology learning and the identified problems, an alternative
learning model that promotes meaningful and contextual learning is needed, namely Contextual
Teaching and Learning (CTL), which connects learning material with real-life situations and
encourages students to apply knowledge in their daily lives (Astuti & Najuba, 2024).

Previous studies have shown that CTL can improve students’ understanding, motivation, and
learning engagement by helping learners relate abstract concepts to real situations (Side &
Munawwarah, 2025; Afifah et al., 2025; Zulfania et al., 2025; Dulyapit & Nurmala, 2025), and
that contextual learning promotes active participation and meaningful learning compared to
conventional approaches (Miranda & Melisa, 2025). Although CTL has been widely applied in
various educational contexts, its implementation in Biology learning that emphasizes higher-
order thinking skills within the Merdeka Curriculum framework remains limited (Kurniawan et
al., 2025); therefore, based on learning problems identified through questionnaires,
documentation, and interviews, this study proposes the implementation of the Contextual
Teaching and Learning (CTL) model as a solution to improve students’ cognitive learning
outcomes in Biology, particularly on virus material at SMAN 14 Kota Jambi.

RESEARCH METHOD

This study employed a quantitative approach using a quasi-experimental design with a Non-
Randomized Control Group Pretest—Posttest Design conducted at SMAN 14 Kota Jambi from
early to late November 2025 on virus material. The population consisted of all tenth-grade
students, and cluster random sampling was used because the school does not implement
superior or tracking classes; all classes are formed heterogeneously with relatively equal
academic abilities, making each class comparable in terms of students’ cognitive potential, while
individual randomization was not feasible within the existing class structure (Amin et al., 2023).
Two intact classes were selected as samples: Class X E1 as the control group and Class X E6 as
the experimental group, each consisting of 30 students. Prior to treatment, both groups were
given a pretest to measure initial cognitive ability, which was later tested using ANCOVA.
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The experimental group received instruction using the Contextual Teaching and Learning
(CTL) model over four instructional meetings, where learning activities were designed to connect
virus concepts with real-life contexts through contextual problem orientation, group
discussions, guided inquiry, and reflection activities supported by contextual worksheet
developed for this study, with the teacher acting as a facilitator. In contrast, the control group
was taught using the conventional approach combined with the school’s usual Problem Based
Learning (PBL) implementation, which relied more on teacher explanation and textbook-based
activities without explicit contextual worksheet or structured reflection.

After the instructional treatment, both groups were administered a posttest to measure
students’ cognitive learning outcomes, and the data were analyzed using descriptive statistics
and One-Way ANCOVA. To support the description of the learning process, documentation in
the form of classroom activity photographs and screenshots of the worksheet used in the
experimental class is included.

RESULTS AND DISCUSSION

Contextual learning allows students to connect biological concepts to their environment. This
approach, which connects the material to everyday life, helps students build a better
understanding (Efriyani & Aryani, 2024; Rizaldi et al., 2021). This approach, which connects the
material to everyday life, helps students build a better understanding (Dewi et al., 2024). The
implementation of this approach is expected to make learning outcomes more meaningful, and
the contextual approach to the educational process encourages students' motivation to improve
their learning outcomes (Hamid et al., 2024).

Table 1. Percentage of students’ cognitive learning outcomes based on cognitive levels (C1-C5)

Cognitive Control Group Experiment Group
Level Percentage (%) Category Percentage (%) Category
Cc1 13.25 Very Poor 14.30 Very Poor
Cc2 10.20 Very Poor 11.50 Very Poor
Cc3 9.39 Very Poor 9.78 Very Poor
C4 8.25 Very Poor 9.35 Very Poor
C5 5.30 Very Poor 6.30 Very Poor

Table 1 shows students’ cognitive learning outcomes in both classes across cognitive levels
C1-C5. The results indicate that the lowest achievement occurs at higher cognitive levels,
particularly C5 (evaluating), which falls into the very poor category in both groups, showing
students’ difficulty in analytical and evaluative thinking. Lower levels (C1—C3) also remain in the
very poor category, indicating limited basic conceptual mastery. However, the experimental
class consistently achieved higher percentages than the control class across all cognitive levels,
suggesting that the Contextual Teaching and Learning (CTL) model contributes to better
cognitive performance.

Biology learning requires high-level thinking skills, the ability to process information, and a
learning process that allows students to connect concepts to real-world phenomena (lhsan &
Hasruddin, 2024). Therefore, the learning model used significantly determines the quality of
student understanding. Contextual Teaching and Learning (CTL), a constructivist-based learning
model, is designed to help students construct meaning through direct experience, observation,
and activities closely related to their life contexts. Unlike conventional or teacher-centered
approaches, CTL emphasizes the process of discovering, reasoning, connecting, and applying
concepts in real-world situations, thus deepening student understanding and gaining deeper
meaning (Ester et al., 2023).
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The quasi-experimental research conducted at SMAN 14 Jambi City from early November to
late November 2025, focusing on Virus material, has yielded findings indicating a significant
difference in the improvement of cognitive learning outcomes between the group taught using
the CTL model and the group taught using the conventional PBL model.
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Figure 1. Comparison of average pretest and posttest scores between the control group and
experiment group.

Figure 1 illustrates the comparison of average pretest and posttest scores between the
control and experimental classes. The graph shows that although both groups experienced an
increase in posttest scores, the experimental class demonstrated a substantially higher
improvement compared to the control class. This difference indicates that students who were
taught using the CTL model achieved better cognitive learning outcomes than those who
received conventional/PBL instruction. The higher gain in the experimental group suggests that
contextual learning activities, such as connecting virus material to real-life phenomena and
guided inquiry using worksheet, were effective in enhancing students’ understanding and
cognitive engagement. This finding aligns with previous studies reporting that CTL promotes
meaningful learning and improves cognitive achievement more effectively than traditional
approaches (Astuti & Najuba, 2024; Side & Munawwarah, 2025).

Descriptive analysis showed that the mean pre-test score for the control group (X E1) was
8.06, slightly lower than the experimental group (X E6) mean of 10.20. Although this initial
difference existed descriptively, it was statistically controlled in subsequent analysis. Following
the differential treatment, the mean post-test scores for both groups increased, but with a wide
disparity: the control group reached a mean of 36.27, while the experimental group successfully
achieved a significantly higher mean of 55.24. This substantially greater increase in the
experimental group provided a strong initial indication of the CTL model's superiority (See Figure
2). To measure the effectiveness of the learning models in enhancing cognitive learning
outcomes (C1-C5 domain), the Normalized N-Gain score was calculated. The results showed
that the control group achieved an average N-Gain score of 0.30 (classified as medium), while
the experimental group achieved a higher average N-Gain score of 0.50 (classified as medium to
high). Inferential statistics were then applied using Analysis of Covariance (ANCOVA), with the
pre-test score acting as a covariate to control for the influence of students' initial abilities.

Several previous studies have supported the effectiveness of the CTL model in improving
biology learning outcomes. A study by Syafitri et al. (2025) found that students taught using the
CTL model achieved significantly higher learning outcomes compared to those taught using
conventional approaches.
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Figure 2. Plot diagram of the average pretest and posttest scores of the CTL and PBL classes.

Another study by Rivan and Sari (2024) demonstrated that CTL improved biology learning
outcomes for students regardless of their initial knowledge level, suggesting that CTL can
address challenges faced by learners with varying starting competencies. Research by
Telaumbanua et al. (2022) revealed that CTL enhanced the relevance and engagement in biology
learning, contributing positively to student achievement. Similarly, classroom action research
conducted by Nurmailis (2021) showed that CTL significantly improved students’ understanding
of biology concepts, while Surata’s study indicated that CTL increased student learning activity,
an important predictor of cognitive achievement. These findings align with the present study,
indicating that CTL is a robust solution to improving cognitive learning outcomes in biology.

Tabel 2. Adjusted mean scores of students’ cognitive learning outcomes

Groups Adjusted Mean Std Error  95% Lower Bound  95% Upper Bound
Control 36.105 2.831 30.436 41.774
Experiment 54.028 2.831 48.359 59.697

In addition to Table 2, The ANCOVA test confirmed a highly significant influence of the CTL
Model on students' cognitive learning outcomes (p<0.05, e.g., p=0.000). This statistical evidence
definitively rejects the null hypothesis and proves that the striking difference in post-test means
was purely attributable to the difference in the learning models implemented, having
neutralized the effect of initial student ability. The high effectiveness of the CTL Model (N-Gain
0.50) over the conventional/PBL model (N-Gain 0.30) can be interpreted as CTL successfully
addressing the root cause of the identified low learning outcomes at SMAN 14 Jambi, namely
passive, teacher-centered learning and a lack of real-world material relevance.

By emphasizing Authentic Learning, the CTL Model allowed students to connect the abstract
Virus material to relevant daily health and environmental issues, thereby deepening conceptual
understanding (C1-C3). Furthermore, the model encourages active inquiry and data analysis (C4-
C5), which directly contributed to the superior post-test scores in the experimental group. Thus,
the implementation of CTL proved effective in facilitating a significant increase in students'
cognitive learning outcomes. Several studies have demonstrated the effectiveness of the
Contextual Teaching and Learning (CTL) model in improving cognitive learning outcomes in
science and biology learning. For example, a study using CTL with animation and environmental
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media showed significant improvements in students’ cognitive and affective achievements.
Another quasi-experimental study reported that CTL produced higher learning outcomes
compared to PBL in science subjects.

Additionally, CTL has been shown to enhance classroom activity and learning outcomes, and
a study on SMA Biology learners confirmed its effectiveness in improving student achievement.
These findings support the present study’s results that CTL significantly enhances students’
cognitive learning outcomes. In conclusion, the Ancova analysis confirms a significant influence
of the Contextual Teaching and Learning (CTL) Model on the cognitive learning outcomes of
tenth-grade students at SMAN 14 Jambi City on the Virus material. The CTL Model proved to be
superior and more effective than the conventional/PBL model. The implication of this finding is
that the CTL Model holds immense potential as a primary approach to combat low cognitive
learning outcomes, especially for Biology subjects requiring contextual and deep conceptual
understanding. Suggestions include encouraging teachers to adopt the CTL model as an
alternative, particularly for abstract material, and advising future researchers to broaden the
variables studied to include non-cognitive aspects such as motivation or critical thinking skills.

CONCLUSION

Based on the results of the Analysis of Covariance (ANCOVA) on post-test scores, utilizing the
pre-test as a covariate, this research concludes that there is a highly significant influence of the
Contextual Teaching and Learning (CTL) model implementation on the cognitive learning
outcomes of Class X students at SMAN 14 Kota Jambi on the virus material. The CTL Model
proved to be superior and more effective compared to the conventional/PBL model, evidenced
by the experimental group's post-test mean of 55.24 and an N-Gain score of 0.50, surpassing
the control group's mean of 36.27 and N-Gain of 0.30. These results definitively show that the
difference in students' cognitive learning outcomes (C1-C5 domain) is attributable to the CTL
Model, which successfully connected the abstract virus concepts to real-world contexts and
fostered higher-order cognitive activity, after neutralizing the influence of students' initial
abilities. The implication of this finding is that the CTL model can be considered a potent and
recommended teaching approach for widespread adoption in schools to address issues of low
cognitive learning outcomes, particularly in Biology subjects that require contextual
understanding. It is suggested that teachers implement the CTL model as an alternative to
enhance student engagement and competency achievement, and that future researchers
expand this study by examining non-cognitive aspects (such as motivation and critical thinking)
to gain a more comprehensive view of the CTL model's impact.
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