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These findings implied that integrating PBL into the curriculum can support
the development of higher-order thinking skills in elementary education.
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1. Introduction

Education is the process of acquiring skills. Education provides every individual with
academic knowledge, skills, and the ability to explore themselves (Puspita et al., 2023). Education
has materials or learning models in schools. Education is a conscious and planned effort to create a
learning atmosphere and a learning process so that students actively develop their potential
(Krismayoni & Suarni, 2020). Education also plays a role in shaping the character and personality of
individuals in accordance with the values adopted in society (Adnan, 2022; Khaidir & Suud, 2020).
Through education, a person can develop social and emotional skills that support success in life (Guo
et al., 2025; Véradi, 2022).

The study of Natural Sciences is the science that studies living beings from all processes of
their life (Widodo et al., 2022). Natural Sciences is often referred to as the science that studies natural
phenomena occurring in the surrounding environment (Sakila et al., 2023). Natural Sciences is one of
the subjects related to natural knowledge systematically, which is directly related to the surrounding
nature (Nikmabh et al., 2020). The learning of Natural Sciences can be used as a process that is utilized
to solve problems that occur, as a project in the form of facts, principles, or theories, and as an
application in applying scientific methods (Eka et al., 2021).

The PBL model actively engages students in addressing real-world problems, thereby
enhancing their analytical skills and promoting meaningful learning experiences. By moving beyond
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passive receipt of information, PBL encourages students to apply their existing knowledge to solve
authentic challenges, which has been shown to improve critical thinking, problem-solving, and
creativity (Ernawati et al., 2023; Sakir & Kim, 2020). The advantages of PBL include creating
meaningful lessons, where students learn through the process of solving problems that will be applied
to the knowledge they have, and students strive to understand the knowledge needed (Garcia et al.,
2024; Vargas-Herndndez & Vargas-Gonzalez, 2022). The implementation of the PBL model used by
teachers has several stages of learning, which are referred to as the syntax of PBL (Darussyamsu et
al., 2024; Sajidan et al., 2022).

The PBL process typically encompasses several key stages: identifying real problems,
organizing relevant tasks, facilitating both individual and collaborative investigations, developing
and presenting solutions, and evaluating the problem-solving approach (Kasuga et al., 2022; Silvita
et al., 2024). Effective implementation of PBL relies on teachers creating a supportive learning
environment that fosters active participation and enhances students' analytical skills (Kasuga et al.,
2022; Setyono et al., 2018). Research indicates that integrating PBL into the curriculum significantly
enhances student engagement and yields better educational outcomes, equipping them with essential
21st-century skills (Al Said et al., 2019). Furthermore, authentic assessments within PBL frameworks
can provide valuable insights into students' cognitive processes and learning trajectories
(Herianingtyas et al., 2023). In essence, the structured nature of the PBL model not only facilitates
the development of critical skills but also allows students to bridge theory and practice in their
learning journeys.

Analytical skills are cognitive abilities that can be trained through relevant learning models
(Astriani etal., 2018). This analytical ability is applied so that students can interpret, analyze, evaluate,
argue, and solve problems; these skills can facilitate students in understanding the learning process
(Shofiya & Wulandari, 2018). These analytical skills need to be possessed by both teachers and
students to improve their learning outcomes. The indicators of analytical skills impact students'
learning abilities in remembering, understanding, applying, and analyzing (Dasopang, 2021).
Teachers have an important role in creating a pleasant learning atmosphere and encouraging students'
analytical abilities in solving problems effectively (Sukowati & Harjono, 2023). Thus, this model not
only improves students' conceptual understanding, but also trains critical (Seibert, 2021; Sumarni &
Kadarwati, 2020; Wale & Bishaw, 2020) and collaborative thinking skills (Putri et al., 2023).

Elementary school students' analytical skills based on Anderson's taxonomy indicators,
especially at level C4, enable them to understand and solve problems more deeply. This ability can be
identified through three cognitive aspects proposed by Anderson and Krathwohl, namely
distinguishing, organizing, and connecting attributes. In the context of elementary education, these
analytical skill indicators are adjusted to the stage of students' cognitive development, so that they can
accommodate achievements that are relevant to their age and level of understanding. This research
aims to determine the implementation of PBL in science learning for fifth-grade elementary school
students, to describe the analysis skills of students in science learning after using the PBL model, and
to measure the impact of the PBL model on the analysis skills in science learning.

2. Method

2.1. Research design

This study employed a quantitative approach with a quasi-experimental design using a Non-
Equivalent Control Group Design. The research involved two fifth-grade classes: an experimental
class implementing the PBL model and a control class using conventional teaching methods. Both
groups underwent a pretest to assess their initial analytical skills before the intervention. Data were
collected through observation sheets to evaluate PBL implementation and written tests to measure
students’ analytical skills. Descriptive statistical analysis was conducted to assess learning
implementation, while normality, homogeneity, and independent t-tests were used to examine
differences between the two groups. This quasi-experimental approach was chosen to establish a
causal relationship between PBL and students’ analytical skills while maintaining external validity for
broader educational contexts.
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2.2. Participants

This research involved 54 elementary school students divided into two groups in the fifth
grade. Then, both groups were randomized to determine the experimental class group and the control
class group. A sample of 27 students was obtained for the experimental class and 27 students for the
control class. Simple random sampling was used so that the research results could be generalized to
other potentially similar conditions.

2.3. Data collection tools

Data were collected using observation sheets and written tests. The observation sheet,
designed with a Guttman scale, was used to evaluate the implementation of the PBL model and its
impact on students’ analytical skills. This structured approach allowed for an in-depth analysis of
students’ engagement and participation in PBL. The observation data provided a comprehensive
overview of how effectively the PBL model was implemented in the classroom. Additionally, written
tests were administered to assess students' analytical skills in science learning. The tests included essay
questions designed to evaluate students' ability to distinguish, organize, and attribute information. The
validity and reliability of the test instruments were ensured to maintain measurement accuracy. Factors
such as question construction, test instructions, and scoring criteria were carefully considered to
ensure the quality of the assessment. These combined methods provided a robust framework for
analyzing the effectiveness of PBL in enhancing analytical skills among fifth-grade students (Maryani
et al., 2022).

2.4. Research procedure

This study employed a quasi-experimental method with a Non-Equivalent Control Group
Design to examine the effect of the PBL model on the analytical skills of fifth-grade students in science
learning. The research was conducted at Muhammadiyah Elementary School of Karangkajen from
March to December 2024. The sample was selected using random sampling technigues and consisted
of two classes: an experimental class, which received instruction using the PBL model, and a control
class, which followed conventional teaching methods. The research procedure began with a pretest
administered to both classes to assess students' initial analytical skills. The experimental class was
then taught using the PBL model, while the control class continued with traditional instruction. After
completing the learning process, both groups took a post-test to measure improvements in their
analytical skills. Data were collected using two main instruments: descriptive tests to evaluate
students' analytical skills and observation sheets to assess the implementation of the PBL model in the
learning process. Data analysis involved descriptive statistics to evaluate PBL implementation and
prerequisite tests, including the Shapiro-Wilk normality test to check data distribution and the Levene
test to assess variance homogeneity. An Independent Sample t-test was conducted to compare pretest
and post-test results between the experimental and control groups. The findings of this study are
expected to provide insights into the effectiveness of the PBL model in enhancing students' analytical
skills in science learning.

2.5. Data analysis technique

Data analysis was conducted using descriptive statistics to evaluate the implementation of the
PBL model. Prerequisite tests included the Shapiro-Wilk normality test to assess whether the data
were normally distributed and the Levene test to ensure homogeneity of variances across groups. To
test the research hypothesis, an Independent Sample t-test was performed to compare the pretest and
post-test results between the experimental and control classes. The findings of this study are expected
to provide insights into the effectiveness of the PBL model in enhancing students' analytical skills in
science learning. Additionally, this research serves as a reference for educators in selecting more
innovative and effective instructional strategies.

3. Results and Discussion

The results of the study indicate that the implementation of the learning analysis method PBL
using observation sheets achieved an optimal level. This also indicates the overall quality of the
implementation of learning using the PBL model. The following is the percentage of the
implementation results of the PBL model. The results of the descriptive statistical analysis show that
the total score is 100%. Therefore, the statistical description is as follows: minimum 100%, maximum
100%, mean (Average) 100%.
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This explains that the implementation of the PBL shows that it has been carried out very well.
This result also indicates that the overall quality of the implementation of learning using the PBL
model is at an optimal level. The following is the percentage of the implementation results of the PBL
model based on the observations made by the researcher.

The observation was conducted to understand the implementation of the PBL model in
teaching. The implementation was in accordance with the syntax of PBL during the learning process.
The teacher introduced a real problem to the students, starting with the teacher presenting material
about food webs. The students were very conducive and attentively listened to the material being
explained. The teacher provided a problem topic related to food webs, where the teacher showed a
video about rats eating agricultural products. The students were able to explain what happened
regarding the impact of changes in the ecosystem.

The application of the PBL model during the learning process involved the teacher applying
the first syntax, which is introducing a real problem to the students. This activity began with the
teacher presenting material about food webs. The students were very conducive and paid attention to
the material provided. After the teacher presented the material, the teacher gave a problem topic related
to food webs, where the teacher showed a video about rats eating agricultural products. The students
were able to explain what happened regarding the impact of changes in population. This can be seen
during the observation that the teacher has perfectly implemented the first syntax.

The next step, after the students have watched the video provided by the teacher, is that the
students are directed to form small groups where the teacher has applied the second syntax, which is
to organize tasks that support problem exploration. The teacher explains the tasks that each group
must complete. However, there were some challenges during the group division process where
students chose friends according to their own preferences, which resulted in the class becoming less
conducive. Although the group division time was not conducive, the teacher's demeanor in handling
the situation was very calm, and the students were easily reconditioned.

The next activity, after the groups have been formed, is that the teacher provides the
worksheets to the students to work on the tasks according to the instructions. During this activity,
students are given time to work and discuss with their groups to solve the problems given by the
teacher. This aligns with the syntax PBL independent and group investigation. In this process, students
are very active in their respective groups, which indicates that there is good cooperation between the
teacher and the students in implementing the syntax PBL investigation and group. The documentation
of this activity is shown in Figure 1.

Fig. 1. Pretest and posttest results

The next step, after the students have discussed in groups and completed the tasks assigned
by the teacher within the specified time, is for the teacher to provide guidance to each group to present
the results of their group discussion in front of the class. At this stage, the teacher encourages the
students to actively ask questions to the group that is presenting. From the research conducted during
this activity, the students were very active in asking questions to the presenting group. During the
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presentation of the results, the teacher conducts a draw, where each group representative picks a lot,
and then the students present according to the lot they received. During the presentation, the students
were very conducive and actively participated in the discussion process. The documentation of this
activity is shown in Figure 2.

Fig. 2. Teacher providing guidance

At the end of the activity, after all groups have presented their discussion results, the teacher
will provide analysis and evaluation of the problem-solving process. During this activity, some
students asked the teacher questions about the material they did not understand. The teacher provided
detailed explanations and responded to the questions posed by the students, so at this stage, students
could understand the material on food webs. However, some students were still confused about
grasping the material, as evidenced by the results of the pretest and post-test assessments. Table 1
shows the pretest post-test of student analytical skill.

Table 1. Student analytical skill score

Respondent Pre-test Post-test Respondent Pre-test Post-test
1 60 75 15. 70 95
2 65 85 16. 65 80
3 60 85 17. 60 80
4 80 85 18. 70 80
5 75 75 19. 70 90
6 75 80 20. 75 85
7 55 85 21. 65 80
8 60 80 22. 80 80
9 60 75 23. 80 85
10 65 75 24, 65 80
1 60 75 25. 70 70
12 85 85 26. 75 70
13 80 80 27. 65 75
14 70 90

The analysis in Table 1 describe the descriptive statistics of students' analytical skill scores,
which include pretest and posttest data in the control and experimental groups. More detailed
information on the distribution of scores and other statistical characteristics can be found in Table 2.
Thus, the two tables complement each other in providing students' analytical skills.

Table 2. Statistical data of the pretest and the posttest

No Aspect of Information Pretest Posttest
1 M= Mean 70.19 72.22
2 SD = Standard Deviation 7.27 7.25
3 M-1SD 63.00 65.00
4 M+1SD 77.45 79.47
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Based on Table 2, it can be seen that the average scores of pretest and posttest show an
increase. The average score of the pretest reached 70.185 and the average score of the posttest reached
72.2222, thus it can be concluded that there was an increase in scores after the posttest. The data of
the pretest and posttest are shown in Figure 3.
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Fig. 3. Analysis skills of grade V

Based on Figure 3, the percentage of frequency distribution results shows a slight increase
after the implementation of learning using the PBL model. This identifies an improvement in
analytical skills collectively. Thus, the analytical skills of fifth-grade students in science learning have
proven effective in reducing the number of students with low abilities. Table 3 presents the results of
the classical assumption test analysis, namely the normality test.

Table 3. Results of normality test

Kolmogorov-Smirnova Shapiro-Wilk
Class — - = :
Statistic Df Sig. Statistic df Sig.
Analytical Skills Experiment Pre-Test 170 27 .045 .952 27 234
Post-Test Experiment 139 27 195 .942 27 137
Pre-Test Control 126 27 .200* .954 27 272
Post-Test Control 72 27 .040 .961 27 .392

Based on Table 3. The results of the normality test, as seen from the Shapiro-Wilk test,
indicate that the analytical skills tend to be normally distributed. For the pretest value of the
experimental group, the significance value is 0.234, and for the posttest of the experimental group, it
is 0.137. Therefore, it can be concluded that the pretest and posttest data of the experimental class are
normally distributed. Furthermore, the normality calculation for the data distribution of the control
class pretest is 0.392.

Based on the results of the normality test, both classes have significant values, indicating that
all data have values >0.05. It can be concluded that the results of the normality test of students'
analytical skills in the two classes meet the assumption of normal distribution. Furthermore, another
classical assumption is the homogeneity test, shown in Table 4.

Table 4. Results of homogeneity test

Levene .
Statistic dfl df2 Sig.
Analysis Skills Based on mean 2.480 3 104 .065
Based on Median 1.682 3 104 175
Based on Median and with adjusted df 1.62 3 85.081 A77
Based on trimmed mean 2.445 3 104 .068
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Based on Table 4, it can be obtained from the calculations of the posttest data of the
experimental group and the control group data, with the results of the homogeneity test showing that
the significance values from all testing techniques, whether using mean, median with degrees of
freedom adjustment, or trimmed mean, are greater than 0.0, with a range of significance values
between Sig = 0.065, where the Sig value is > 0.05. This identifies that there is not enough statistical
evidence to reject the assumption of homogeneity of variance. Therefore, based on the results of the
homogeneity test, the research data is said to be homogeneous, as the significance value is greater than
0.05. This indicates that the data groups come from populations with the same variance. Table 5
presents the results of the independent samples T-test.

Table 5. Results of the independent samples T-test

95% Confidence
F Sig t df Sig. (2- Mean Std. Error Interval of the
: tailed)  Difference Difference Difference
Lower Upper
4373 .041 .592 52 .557 1481 2.504 -3.543 6.506

Based on Table 5. The results of the hypothesis test using the independent sample t-test
showed that the output from SPSS software v2 indicated a Sig value of 0.041, which is less than 0.05.
According to the hypothesis testing criteria, the alternative hypothesis (Ha) is accepted and the null
hypothesis (Ho) is rejected. This indicates that there is a significant difference in the average analysis
skills scores between the experimental class and the control class with the application of the PBL
model.

The learning process in elementary schools is concrete (Yuristia et al., 2022). The learning
efforts applied logically and systematically, as well as learning that leads to enjoyable experiences and
involves events in the surrounding environment (Prananda et al., 2020). This can be seen from the
observations made by the researcher regarding the application of the learning model used in the
teaching and learning process. Natural Science contains various life materials, and improving the
quality of Natural Science learning in elementary schools requires learning innovations, including the
selection of appropriate methods and learning models (Widyaningrum et al., 2022). The teacher, as a
facilitator, plays a role in innovating the development of appropriate learning models (Wahyuni,
2022). Observations conducted by the researcher with the fifth-grade teacher at Muhammadiyah
Elementary School of Karangkajen indicate that the implementation of the learning model is in
accordance with its steps. PBL in developing students' abilities in problem-solving is very beneficial
in cognitive, psychomotor, and affective aspects. Students' habits in solving problems in Natural
Science learning will be better trained in analytical skills (Puspita et al., 2023b). PBL can enhance
students' analytical skills in Natural Science learning, as the PBL model requires students to be active
in order to reach the problem-solving stage (Imaroh et al., 2022; Safira et al., 2020).

The goal of science learning in elementary school is to instill a sense of curiosity in students
and a positive attitude towards the surrounding environment (Azizah & Sholikhah, 2021). The
objectives of science learning include developing useful science concepts that can be applied in
everyday life (McGill & Bax, 2005). This can be seen when the researcher observed the classroom
teacher during the science learning process; students were very interested and listened to the lesson
attentively. The application of an appropriate learning model made students not bored during the
lesson. The learning model PBL is an approach that focuses on problem-solving as the main step in
the teaching and learning process (Martaningsih et al., 2022). The PBL model has been effectively
implemented by classroom teachers by applying the syntax of PBL. This approach has a positive
impact on students in analyzing and solving problems in science learning.

PBL has several advantages, which can better prepare students to face problems in real and
concrete situations according to the events occurring in their surroundings. Students can be assisted
in developing communication skills and directing them to be active in expressing opinions
independently, creating an active and enjoyable learning atmosphere, thus improving students' grades
(Suharyat et al., 2022). The learning process requires teachers to develop student engagement in
analytical skills. Analytical skills play an important role in education. Skills are the ability to generate
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new ideas to create innovations that can be used to solve problems or identify new relationships
between existing elements, which can encourage progress in all disciplines and provide benefits for
students.

The application of the PBL model into the lesson plan. Not just merely delivering material,
but the teacher has implemented the learning model according to the syntax of PBL, where the teacher
introduces real problems to the students (Martaningsih et al., 2022). This can be seen during the
observation conducted by the researcher, where the teacher provides case examples to the students
regarding the components of the food web. The teacher organizes tasks that support the material being
taught, for example, when the teacher divides students into small groups to complete the assigned task
of constructing a food web diagram can be seen from the observations made by the researcher that the
students' responses to the material presented by the teacher are very good (Setyawan & Kristanti,
2021). However, there are some challenges faced in the grouping of students, as they choose group
members according to their own preferences, which impacts the classroom atmosphere, making it less
conducive.

Subsequently, the teacher applies the investigation syntax individually and in groups so that
students can categorize information into clearer categories in the problem-solving process. The teacher
also provides opportunities for students to present the results of discussions individually and in groups
in front of the class, and at the end of the lesson, the teacher applies analysis and evaluation to the
students’ work (Fitri et al., 2020). Thus, the application of the PBL model not only enhances students'
understanding of the subject matter but also equips students with essential analytical skills in facing
real-life problems (Utama & Kristin, 2020).

During the implementation of the PBL model, fifth-grade students actively engaged in paying
attention to the teacher. From the results of the implementation of PBL, fifth-grade students were
actively involved in research activities and group discussions (Tabun et al., 2020). This was evident
when students worked on the problems given by the teacher; they were able to discuss and solve the
problems according to the agreed time, although organizing students during group division took a long
time. The teacher provides an opportunity for the groups to present the results of their discussions,
which is in accordance with the syntax PBL for the development and presentation of results. Through
this activity, the teacher can assess the students' understanding of the material presented (Novia et al.,
2023). This can be observed by the researcher when students are willing to respond to the presentation
of results from the assigned group, and other groups are also willing to ask questions.

After the discussion process takes place, the teacher's task is to provide feedback to the
students to review the material that has been presented. During the observation, the researcher noted
that the teacher applied PBL, which involves evaluating the students based on the results of the
discussion that has taken place. The teacher summarizes the questions that have been posed by the
students for further explanation. This is evident from the scores obtained by the students, proving that
the implementation of the PBL model can enhance students' analytical results in problem-solving
(Mayasari et al., 2022).

PBL has successfully improved students' analytical skills regarding the food web material,
making students actively involved and able to relate theoretical concepts to their applications in
everyday life(Utama & Kristin, 2020). This is evidenced by the increase in the average scores from
the pretest to the posttest. However, there are challenges that arise related to students' analytical skills
(Sari & Nada, 2022), which are related to students' abilities to ask questions and their ability to seek
information from sources outside the provided material. As a solution, teachers need to take an
intensive approach to students to enhance their confidence in asking questions.

Based on the implementation observation of the PBL model on analytical skills for fifth-grade
students, it can be said to be effective. The teacher was able to present the food web material by
applying the PBL method according to the established syntax. This can be seen from the students'
analytical skills in solving problem-solving questions. In this material, students successfully engaged
actively in answering the questions given both individually and in groups (Puspita, 2022). Based on
the explanation above, it can be stated that the implementation of the PBL model in the analysis skills
of fifth-grade students in science lessons is carried out according to the syntax of the PBL model and
its implementation is executed well. The results obtained by students in analysis skills show an average
score of the pretest and post-test given, indicating an increase in the average score of students. This
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shows that PBL is effective in promoting students' analysis skills, although the improvement needs to
be further optimized.

This improvement can be linked to the characteristics of PBL that encourage students to
actively identify and solve real problems, thus helping students develop their analysis skills. However,
there are challenges in implementing analysis skills, such as students still experiencing difficulties in
understanding concepts independently and a lack of deep understanding of the interconnections
between concepts in food webs. The PBL model can be applied to enhance students' analytical skills
in science learning, as PBL has advantages that can help students improve their analytical skills,
motivate them to solve problems, and enable them to face understanding in new situations. Students
can also gain meaningful learning by integrating and applying understanding and skills in a stimulating
manner within relevant scopes, with students' thinking improving during group discussions.

In the research results, the PBL model has a significant impact on improving students'
analytical skills in science learning. This can be seen from the average scores. Many factors influence
the use of the PBL model in the research, ranging from the research duration, student conditions, and
the teacher's skills in designing and implementing the steps of the PBL model in teaching.
Nevertheless, it can be generally concluded that the use of the PBL model has proven to be effective
in enhancing students' analytical skills. Therefore, further research is needed to explore how different
variables, such as student backgrounds and subject areas, affect the effectiveness of the PBL model.
Additionally, future studies could investigate the long-term impact of PBL on students' critical
thinking and problem-solving abilities.

4. Conclusion

This study confirms that the implementation of the PBL model positively influences the
analytical skills of fifth-grade students in science learning. The PBL model, applied through structured
steps including problem introduction, task organization, investigation, result presentation, and
evaluation supports students' ability to distinguish, organize, and attribute information. Although the
improvement in analytical skills was not highly significant, PBL still provided valuable opportunities
for collaborative problem-solving and active learning. The findings imply that PBL can be an effective
alternative to enhance students' analytical thinking, but its implementation should be optimized to
maximize its impact. Future research is recommended to explore variations in PBL strategies,
integrate digital tools, and extend the study to diverse educational settings to strengthen its
effectiveness in fostering higher-order thinking skills. Future studies could also examine the long-term
effects of PBL on students' critical thinking and problem-solving abilities. Additionally, investigating
teachers' perspectives on the challenges and benefits of implementing PBL could provide insights for
more effective instructional practices.
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