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Abstract: Biological literacy and scientific attitudes are important aspects that need to be developed in students because
they are related to the ability to understand biological concepts contextually and foster scientific thinking. This study aims
to analyze the effect of the Problem-Based Learning (PBL) model on students' biological literacy and scientific attitudes.
The type of research used is a quasi-experiment with a pretest-posttest control group design. The sample consisted of 58
eleventh-grade students at MAN Lombok Barat, selected using purposive sampling, with the experimental class receiving
PBL instruction and the control class receiving conventional instruction. Data were collected through validated biology
literacy tests and scientific attitude questionnaires. Data analysis techniques included mean value comparisons and
ANCOVA tests using SPSS version 26. The results showed that the average biology literacy score in the experimental class
increased from 53.8 to 72.5, while the control class increased from 53.5 to 76.6. In terms of scientific attitude, the
experimental class improved from 32 to 36.9, while the control class increased from 36 to 37.2. The results of the
ANCOVA test revealed a significant difference between the experimental and control classes in biological literacy, with a
p-value of 0.004 (p < 0.05). Similarly, in the scientific attitude, a significant difference was observed with a p-value of
0.000 (p < 0.05). Based on these findings, it can be concluded that the application of PBL has a significant effect on
improving students' scientific attitudes; however, its effect on biology literacy is less optimal than that of conventional
learning. This is thought to be influenced by time constraints and other external factors that cannot be fully controlled

during the research.
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Introduction

Education is one of the main pillars of national
development, because quality education produces human
resources capable of competing in the global arena. One of
the primary objectives of education is to develop students'
skills and knowledge, enabling them to adapt and contribute
to a rapidly evolving society. In the era of globalization, the
need for individuals with scientific literacy, particularly in
the field of biology, has increased significantly. Scientific
literacy involves not only understanding scientific concepts
but also the ability to apply that knowledge in daily life and
make decisions based on evidence. These competencies
provide a crucial foundation for developing critical and
analytical thinking skills, which are essential for addressing
complex issues in the modern world. Therefore,
strengthening  students' scientific  literacy  through
innovative and meaningful learning approaches is a
strategic step toward preparing a generation that is adaptive,
competitive, and responsive to future challenges.

The Programme for International  Student
Assessment (PISA) defines scientific literacy as the ability
to apply scientific knowledge to identify questions and
draw conclusions based on evidence, thereby understanding
and making informed decisions about the natural world and
changes caused by human activities [1]. Scientific literacy
can also be understood as the ability to utilize scientific
knowledge and process skills to make appropriate decisions

How to Cite:

about environmental issues [2]. These skills are crucial for
comprehending environmental phenomena and addressing
the issues confronting modern societies, which are shaped
by advancements in science and technology, as well as
social challenges [3]. Thus, scientific literacy is not only
related to mastery of concepts but also to how those
concepts are applied in everyday life to critically and
responsibly address real-world issues.

In Indonesia, students' science literacy, particularly
in biology, and their scientific attitudes remain relatively
low. The 2022 PISA results show that Indonesia's average
science literacy score is 383, which is below the OECD
average of 485 [4]. Although Indonesia's ranking has
improved by six places compared to PISA 2018, the score
remains low, indicating the need for further improvement.
Low science literacy skills cause students to be slow in
responding to problems, have difficulty connecting
theoretical concepts to real-life contexts, and struggle with
problem-solving and decision-making processes [5—6]. This
situation underscores the importance of implementing
innovative learning models that foster critical thinking,
cultivate scientific attitudes, and enhance students' ability to
apply biological concepts in their daily lives.

One approach that has proven effective in enhancing
science literacy and fostering positive attitudes toward
science is Problem-Based Learning (PBL). PBL is a
student-centered learning model in which students learn
through the process of solving real and relevant problems
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[7]. In this model, students are presented with complex and
open-ended problems that require collaboration,
investigation, and critical thinking to solve. This process
not only enhances students' conceptual understanding of
biology but also strengthens their scientific attitudes, such
as curiosity, critical thinking, and problem-solving skills
[8]. Previous research has demonstrated that PBL can
enhance student engagement and foster deep and
meaningful learning experiences [9]. Therefore, the
application of PBL in biology education is expected to not
only strengthen students' conceptual mastery but also
prepare them to face real-world challenges with scientific
reasoning and responsible decision-making.

Initial observations at MAN Lombok Barat revealed
that students' biological literacy and scientific attitudes
remained low, as evidenced by limited conceptual
understanding, weak analytical skills, and difficulty in
connecting learning materials to phenomena around them.
The dominance of lecture-based teaching and heavy
reliance on textbooks has caused students to focus more on
memorization than on deep understanding. Furthermore,
scientific attitudes—such as curiosity, critical thinking, and
problem-solving—have not developed optimally, as
evidenced by low participation in discussions, experiments,
and other scientific activities. The lack of diverse learning
methods and limited learning resources are also
contributing factors. Therefore, the implementation of PBL
is expected to function as an interactive and exploratory
learning strategy to effectively improve students' biology
literacy and scientific attitudes.

Research Methods

This study is classified as a quasi-experimental
study, which was chosen because the researcher could not
control all external variables, but still provided specific
treatment to the subject group [10]. The research design
used was a pretest-posttest control group design. In this
design, there are two groups involved, namely the
experimental group, which receives treatment in the form of
learning using the Problem-Based Learning (PBL) model,
and the control group, which receives conventional
learning. Both groups are given a pretest before the
treatment and a posttest after the treatment.

This study was conducted at MAN Lombok Barat in
the odd semester of the 2024/2025 academic year. The
study population consisted of all 233 11th-grade students
from seven classes. The sample was selected using
purposive sampling, taking into account the input of
biology teachers. The selected samples consisted of class
XI Health 1 as the experimental group and class XI Health
2 as the control group, each comprising 29 students. The
independent variable in this study was the problem-based
learning (PBL) model, while the dependent variables were
students' biology literacy and scientific attitudes.

The research stages consisted of three parts:
preparation, implementation, and conclusion. The
preparation stage involved the development of instruments,
including a biology literacy test, a scientific attitude
questionnaire, and an observation sheet, which were
subsequently validated by experts and biology teachers.
Additionally, PBL-based learning tools were developed for
the experimental class, while conventional learning tools
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were used for the control class. During the implementation
stage, students were given a pretest, followed by instruction
according to the specified model, then a post-test and
completion of the scientific attitude questionnaire. The final
stage of the research involved analysing the data and
drawing conclusions.

The research instruments used consisted of two
types. First, a biology literacy test based on the PISA 2025
assessment framework, which encompasses context,
competence, and knowledge, is administered in the form of
multiple-choice and essay questions [4]. Second, a
scientific attitude questionnaire with a four-point Likert
scale, which includes indicators of curiosity, openness to
evidence, objectivity, and perseverance [11]. Thus, this
instrument allows researchers to obtain comprehensive data
on students' biological literacy and scientific attitudes.

Before being used in research, the instrument was
first tested to ensure its validity and consistency. Validity
testing was conducted wusing the Product-Moment
correlation technique to examine the relationship between
individual items and the total score. Instruments meeting
validity criteria were then tested for reliability using
Cronbach's Alpha coefficient. An instrument is considered
reliable if its reliability value exceeds 0.70 [12]. The results
of the instrument testing showed that the items in the
biology literacy test and scientific attitude questionnaire
were suitable for use in the study.

Data collection was conducted by administering a
pretest and a posttest to students to measure their biology
literacy, as well as distributing questionnaires to assess their
scientific attitudes. The data obtained were then analyzed
using IBM SPSS Statistics 26 software. The analysis
included a normality test using the Shapiro-Wilk test, a
homogeneity test using Levene's test, and a hypothesis test
using ANCOVA to determine the differences between the
experimental and control groups.

Results and Discussion
Biology Literacy Data

Based on biology literacy data, the average pre-test
score for the control group was 53.5, increasing to 76.6 on
the post-test, so that 53.5 < 76.6 with an increase of 23.1
points. In the experiment group, the average pre-test score
of 53.8 increased to 72.5 on the post-test, resulting in a
difference of 18.7 points, with 53.8 < 72.5. The increase in
the control group (23.1) > the increase in the experiment
group (18.7), and the final post-test score of the control
group (76.6) > the post-test score of the experiment group
(72.5).

Based on the average scores according to the
biology literacy indicators, the Biology Comprehension
indicator shows that the control class experienced an
increase of 25.6 points, higher than the experimental class,
which increased by 21.1 points. In the Scientific Question
Identification indicator, the control class increased by 23.6
points, while the experimental class only increased by 19.2
points. The New Knowledge Acquisition indicator also
showed a difference, with the control class increasing by
22.8 points and the experimental class by 18.7 points.
Furthermore, the Scientific Phenomenon Explanation
indicator showed a 24.2-point increase in the control group,
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which was higher than the 19.3-point increase in the
experimental group. Finally, the Conclusion Drawing
indicator increased by 22.2 points in the control group,
while the experimental group only increased by 18 points.
Thus, all biology literacy indicators showed an increase in
both groups, but the increase in the control group was
higher than that in the experimental group.
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Scientific Attitude Data

Based on scientific attitude data, the average pre-test
score in the control group = 36 increased to 37.2 in the
post-test, so that 36 < 37.2 with an increase of 1.2 points.
Meanwhile, in the PBL group, the average pre-test score of
32 increased to 36.9 in the post-test, resulting in a
difference of 4.9 points, with 32 < 36.9. These results
indicate that the increase in scientific attitude in the
experiment group (4.9) > control (1.2), even though the
initial score of the PBL group was lower than that of the
control group.
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Based on the average scores according to the
scientific attitude indicators, it can be seen that all aspects
improved in both the control and experimental classes,
although the increase was higher in the experimental class.
In terms of curiosity, the control class increased by 1.2
points, while the experimental class increased by 4.9 points.
Scepticism increased by 0.9 points in the control class and
3.6 points in the experimental class. In terms of positive
attitude toward failure, the control class increased by 0.7
points, while the experimental class increased by 3.9 points.
The indicator of prioritizing evidence increased by 0.9
points in the control class and 4.1 points in the experimental
class. Meanwhile, the ability to work together increased by
1.0 points in the control class and 4.2 points in the
experimental class. Finally, the indicator of valuing others'
opinions also showed an increase of 0.8 points in the
control class and 4.0 points in the experimental class.
Overall, the data indicate that the implementation of
problem-based learning is more effective in enhancing
students' scientific attitudes compared to conventional
learning.
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Figure 4. Average Scientific Attitude Scores per Indicator
Normality Test

A normality test was conducted on each
experimental class and control class for both the scientific
attitude test and the biology literacy test. The normality test
in this study was conducted using the Shapiro-Wilk
statistical test with the assistance of SPSS version 26. The
results of the normality test are shown in the following
table.

Table 1. Results of the Normality Test for Biology Literacy

Class Statistic df Sig.
Pretest A (control) 0.971 29  0.577
Posttest A (control) 0.955 29  0.244
Pretest B (Experiment) 0.976 29  0.739
Posttest B (Experiment) 0.957 29  0.280

Table 1 shows that the significance value for the
biology literacy test of the control class pre-test is 0.577 >
0.05 and for the control class post-test is 0.244 > 0.05. The
significance value for the pre-test of the experimental class
is 0.739 > 0.05, and for the post-test of the experimental
class is 0.280 > 0.05. Therefore, it can be concluded that the
data from both classes are normally distributed in the
biology literacy test.

Table 2 shows that the significance value for the
scientific attitude test of the control class pre-test is 0.813 >
0.05 and for the control class post-test is 0.242 > 0.05. The
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significance value for the pre-test of the experimental class
is 0.209 > 0.05, and for the post-test of the experimental
class is 0.206 > 0.05. Therefore, it can be concluded that the
data from both classes are normally distributed in the
scientific attitude test.

Table 2. Results of Scientific Attitude Normality Test

Class Statistic df Sig.
Pretest A (control) 0.979 29 0.813
Posttest A (control) 0.955 29 0.242
Pretest B (Experiment) 0.952 29 0.209
Posttest B (Experiment) 0.952 29 0.206

Homogeneity Test

The homogeneity test in this study was conducted using
the Levene Statistic test with the assistance of SPSS version
26. The results of the homogeneity test are shown in the
following table.

Table 3. Results of the Homogeneity Test for Biology
Literacy & Scientific Attitude
Test of Homogeneity of Variance (Levene Statistic)

dfl df2 Sig.
Biology Literacy 0.359 1 56  0.551
Scientific Attitude 0.110 1 56  0.741

Table 3 presents the results of the biology literacy
test homogeneity test, showing that the significance value
of the biology literacy score is 0.551, which is greater than
0.05. Therefore, it can be concluded that the data are
homogeneous. In terms of scientific attitude, it is known
that the significance value of the scientific attitude score is
0.741 > 0.05, so it can be said that the value is also
homogeneous.

Hypothesis Testing

Before conducting hypothesis testing using analysis
of covariance (ANCOVA), prerequisite tests were
performed to ensure that the data used met the basic
assumptions of parametric analysis, specifically normality
and homogeneity of variance tests. The normality test aims
to determine whether the data is normally distributed, while
the homogeneity test is used to ensure that the variance
between data groups is homogeneous. Once the data meet
both assumptions, hypothesis testing is continued using
Ancova, which is processed using SPSS software version
26.

Table 5. Ancova Test Results for Biology Literacy and
Scientific Attitude

Tests of Between-Subjects Effects

Dependent Variable: postest

Type 111

Sum of Mean
Source Squares df  Square F Sig.
Biology 224179 1 224.179 8.962 0.004
Literacy
Scientific 40.709 1 40.709 18.363 0.000
Attitude
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Table 5, the results of the Ancova test for Biology
Literacy and Scientific Attitude with 29 students in the
experimental class and 29 students in the control class show
that for the biology literacy variable, a significance value of
0.004 < 0.05 was obtained, which means that there is a
significant difference in the posttest results for biology
literacy between the two classes after controlling for the
pretest scores. For the scientific attitude variable, a
significance value of 0.000 < 0.05 was obtained, indicating
a significant difference in posttest scientific attitude scores.
These results confirm that the implementation of problem-
based learning effectively enhances biology literacy and
scientific attitude among 11th-grade students at MAN
Lombok Barat. Thus, the alternative hypothesis (Ha) is
accepted, and the null hypothesis (HO) is rejected. The
results of the ANCOVA test in this study are presented in
the following table.

The study's results indicate an increase in students'
biology literacy and scientific attitudes following the
implementation of the problem-based learning (PBL)
model. The average biology literacy score of the
experimental class increased from 53.8 on the pre-test to
72.5 on the post-test, while the control class only increased
from 53.5 to 76.6. In terms of scientific attitudes, the
experimental class's score increased from 32 on the pre-test
to 36.9 on the post-test, while the control class only
increased from 36 to 37.2. This suggests that the
implementation of PBL is effective in enhancing students'
biological literacy and scientific attitudes, as it encourages
them to think more critically and reflectively, and connect
biological concepts with everyday phenomena. These
findings align with the view that implementing PBL can
enhance students' critical thinking skills, thereby
significantly = improving  their  scientific  literacy.
Additionally, the explanation that scientific attitudes can
develop optimally when students are actively involved in
finding solutions to a problem [13] and [14] is supported.

In addition to the average increase, the number of
students in the experimental class who achieved the
minimum passing grade also increased significantly more
than those in the control class, and in terms of scientific
attitude, the number of students in the experimental class
who achieved a high score was also higher than those in the
control class. This shows that PBL helps students
understand biology material more deeply by relating it to
everyday life while training them to think reflectively, ask
questions, and work collaboratively. This finding is
supported by the statement that PBL can improve science
literacy because students are encouraged to explore real
phenomena relevant to their lives. Additionally, problem-
based learning is effective in building scientific attitudes, as
it requires active involvement in critical thinking and real
problem-solving [15-16].

Hypothesis testing reinforces these results, as the
significance value (p-value) of 0.004 (<0.05) for the
biology literacy variable and 0.000 (<0.05) for the scientific
attitude variable indicates a significant difference between
the experimental and control classes. This difference is due
to PBL emphasizing collaborative activities, discussions,
and real-world problem-solving, which stimulate higher-
order thinking skills while fostering scientific attitudes. The
problem-based approach provides opportunities for students
to be more active in analyzing and evaluating biological
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concepts, thereby directly impacting their literacy
improvement. The PBL strategy encourages students to
develop scientific attitudes through learning experiences
that emphasize the inquiry process [17] and [18]. Similar
support is also provided by the finding that students'
scientific attitudes developed more when learning was
centered on independent investigation and collaboration
[19].

When viewed through the lens of biology literacy
indicators, the ability to explain scientific phenomena
showed the greatest improvement in the experimental class.
Students were better able to explain the relationship
between biological concepts and real phenomena, such as
the relationship between human activities and ecosystem
changes. This finding aligns with the observation that
problem-based learning can enhance students' ability to
connect theory with real-life contexts encountered in
everyday life [20]. Meanwhile, in terms of scientific
attitude indicators, curiosity and open-mindedness showed
the greatest improvement in the experimental class.
Students were more willing to ask questions, express
opinions, and accept criticism in group discussions. This
also aligns with the statement that PBL-based differentiated
learning can foster students' collaboration skills and open-
mindedness [21].

Other indicators that also showed improvement were
the ability to evaluate and design scientific investigations,
as well as scientific attitude indicators such as objectivity
and respect for data. Students in the experimental class
were better trained in formulating research questions,
identifying variables, designing simple steps to test
hypotheses, and thinking critically and systematically in
processing information before drawing conclusions. This is
consistent with research indicating that PBL can enhance
science literacy in the aspect of investigation, as students
are trained to think scientifically in a systematic manner
[22]. Similar support was also found in the explanation that
the application of PBL can accustom students to think
reflectively and analytically when facing problems, and that
PBL trains students to think critically and systematically in
processing information before drawing conclusions [23]
and [24].

Overall, the application of PBL has proven effective
in improving students' biology literacy and scientific
attitudes in the experimental class. Problem-based learning
enables students to build knowledge through experience,
think critically, and relate concepts to everyday phenomena,
while developing the skills of reflection and openness to
diverse perspectives. This is supported by the statement that
students' scientific literacy can be improved through
problem-based learning that emphasizes active engagement,
and that problem-based learning not only improves
cognitive outcomes but also builds scientific attitudes
because students actively participate as researchers in the
learning process [25-26]. Research also confirms that PBL
strategies can foster biology literacy and scientific attitudes
comprehensively because students are trained to understand
concepts, interpret data, and apply them in real-life contexts
[27-28].

Based on the above description, the implementation
of problem-based learning (PBL) has proven to be effective
in improving the biological literacy and scientific attitudes
of 1l1th-grade students at MAN Lombok Barat. PBL
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provides students with the opportunity to actively construct
knowledge through direct experience, critical thinking, and
connecting biological concepts with everyday phenomena.
This approach requires active participation in observation,
discussion, and problem-solving, resulting in a deeper
understanding and the development of students' reflective
and collaborative thinking skills. However, this study also
identified several challenges in implementing PBL. The
learning process requires more time, especially during
stages that demand students to actively seek and develop
concepts, while classroom time is often limited, making it
difficult for teachers to accommodate all stages optimally.
The varying levels of readiness and independence among
students pose a challenge, as students with lower academic
abilities or those unaccustomed to active learning tend to
struggle with the process, resulting in uneven participation
and engagement in the classroom.

Conclusion

Based on the results of data analysis and discussion,
it can be concluded that: a. The application of problem-
based learning models is effective in improving the biology
literacy of grade XI students with a significance value (p <
0.05), so that Ha is accepted and HO is rejected at MAN
Lombok Barat in the 2024/2025 academic year. b. The
implementation of the problem-based learning model is also
effective in improving the scientific attitudes of 11th-grade
students with a significance level (p < 0.05), thus accepting
Ha and rejecting HO at MAN Lombok Barat for the
2024/2025 academic year.
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