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Abstract: Further analysis of the effectiveness of integrating project-based learning (PjBL) in
Invertebrate Zoology courses to improve students' science process skills and conceptual understanding
needs to be carried out. This research was aimed to analyze the integration of PjBL in the Invertebrate
Zoology course on scientific process skills and conceptual understanding of student. As for seeing the
effect of each indicator from each predictor, a qualitative descriptive analysis was carried out.
Respondents in this study were students of the Biology Education Study Program FTTE Universitas
Bengkulu. A sample of 30 respondents was taken by random sampling technique. The research
instrument is a questionnaire for scientific process skills and tests for understanding concepts. The
hypothesis is tested using Analysis of Variance (ANOVA). The integration of PjBL has a significant
influence on the scientific skills process of 0.038 with an F value of 4.524 and also has a significant
influence on concept understanding at 0.018 with an F value of 0.018. It was concluded that there was
an effect of the integration of PjBL on scientific process skills and conceptual understanding of
Invertebrate Zoology, with a significance level of 0.05, so that it can be taken into consideration in
developing learning in the Invertebrate Zoology course.

Keywords: biology education students; conceptual understanding; PjBL; scientific process skills

Introduction

The 21st Century education aims to realize the ideals of the nation, namely a prosperous and happy
Indonesian people. This concept describes Indonesian people with an honorable position and equal with
other nations in the global world, through the formation of a society consisting of quality human
resources, namely an independent person, willing and capable of realizing the ideals of his people
(Kurniah et al., 2023; Yuliana et al., 2021). Qualified human resources have the ability to solve problems,
think critically, creatively, and competitively that can express themselves in facing the times (Fajaryati et
al., 2020; Lenihan et al., 2019; Rustiawan et al., 2023; Thornhill-Miller et al., 2023).

The 21st century is also known as the age of knowledge. In this era, all alternative efforts to meet the
needs of life in various contexts are more knowledge based (Malik, 2018; van Laar et al., 2020). Efforts
to fulfill educational needs must be knowledge-based: knowledge-based economic development,
knowledge-based community development and empowerment, and knowledge-based industrial
development.

In this 21st century, education is increasingly important to ensure students have the skills to learn and
innovate, the skills to use technology and information media, and can work, and survive by using life
skills. The 21st century is also marked by the amount of information available anywhere and can be
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accessed at any time; faster computing; automation that replaces routine jobs; and communication that
can be done from anywhere (Griffin et al., 2012; Saifurrahman et al., 2021; Serdyukov, 2017).

Learning in the 21st century are require students to have skills, knowledge and abilities in the fields of
technology, media and information, learning and innovation skills as well as life and career skills
(Partnership for 21 st Century Skills, 2015). The skills are life and career skills, learning and innovation
skills, and Information media and technology skills. These three skills are summarized in a scheme called
the 21st century knowledge-skills rainbow (Anggraeni et al., 2019).

The concept of lifelong learning or continuous learning is also a key to entering the 21st century in order
to be able to face the challenges of the rapid changes in the world. One of the changes was the economic
need to compete in global competition (Chitiba, 2012; Elfert & Rubenson, 2023). In the global community
the role of science is the most dominant, where alternative efforts to meet the needs of life in various
contexts are more knowledge based. Communities whose livelihoods are based on knowledge are
known as knowledge-based social empowering. Faced with this, students need to be equipped with
sufficient competencies to become active students in the community (Cross et al., 2020; Whyte, 2013).
The competencies needed in the 21st century, namely "The 4Cs": communication, collaboration, critical
thinking, and creativity. These competencies are important to be taught to students in the context
of core subject areas and the 21st century themes (Thornhill-Miller et al., 2023). Assessment and
Teaching of 21st Century Skills (ATC21S) categorizes the 21st Century skills into four categories,
namely way of thinking, way of working, tools for working and skills for living in the world (Griffin & Care,
2015). Zubaidah (2019) added among the various competencies and skills that are expected to develop
in students that need to be taught to students in the 21st century including personalization, collaboration,
communication, informal learning, productivity and content creation.

The embodiment of the 21st Century skills is science process skills and conceptual understanding which
are basic abilities that are important for students to master in science learning. Science process skills
not only focus on mastering scientific concepts, but also on developing critical thinking abilities, problem
solving, and practical skills that are really needed in facing the challenges of the 21st century. Science
process skills such as observing, classifying, predicting, interpreting data, and scientific communication
is in line with 21st century skills which include critical thinking, creativity, collaboration and
communication. Thus, students' mastery of science process skills can help them develop various 21st
century skills necessary for success in the future (Gizaw & Sota, 2023; Turiman et al., 2012; Wola et al.,
2023).

Meanwhile, conceptual understanding refers to students' ability to understand the basic concepts of a
scientific discipline in depth, connect these concepts, and use them to solve problems. Conceptual
understanding is closely related to 21st century skills because it is the basis for the development of
higher order thinking skills (Darling-Hammond et al., 2020; Kim et al., 2019). When students have a
strong conceptual understanding, they are not only able to remember facts, but can also analyze,
evaluate, and create new knowledge. This skill is a core competency needed in the 21st century, where
individuals are faced with complex problems that require flexible application of knowledge. In addition,
good conceptual understanding also enables students to think critically, solve problems, work
collaboratively, and communicate effectively — all skills that are critical for success in the 21st century
(Binkley et al., 2012; van Laar et al., 2020).

The learning conditions that have taken place so far in the Biology Education Study Program FTTE
Universitas Bengkulu have not fully realized the demands of the applicable regulations. One of them
drawn from preliminary testing has been done on lectures Invertebrate Zoology in Biology Education
Study Program Guidance and Counseling of Universitas Bengkulu. The results of a preliminary study of
the academic year 2013/2014 test result data obtained 30.39% final exam excellent category, 23 53%
good, 43.14% enough, 1.96% less and 0.8% less once. Ansori (2020) stated that that the cognitive
analysis of science includes the domain of content, context, and process obtained by high data
categories as much as 20.24%, 79.76% moderate, and low 0%. Medium scientific process skills
78.34%. The connection with scientific process skills, according to Hernawati et al (2019), the higher the
score obtained by students shows that students are used to doing scientific activities about the process
of scientific skills.

According to the evaluation results conducted by Service and Development of Learning Activities Unit in
the Universitas Bengkulu on the invertebrate taxonomy (zoology) process in the even semester, stated
in the lecture process, the method used by lecturers is the lecture method with a percentage of its use
around 78.8 %, and learning media that tend to be used are visual media with Power
Point devices. Based on the results of the evaluation, it can be stated that in the lecture process has not
yet advanced self-autonomous learning in which students get the opportunity to develop their potential
through activities of interest, and have not been fully implemented collaboratively which gives students
opportunities to teach each other to improve conceptual understanding and practical skills, this is
indicated by very few (0.8%) of students who choose the field of taxonomy (zoology) invertebrates for
the final project (thesis).

The data from the results of the preliminary study as described above can be used as an indicator that
the learning process that is taking place has not maximally explored the potential of students. A number
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of factors that are suspected to be the cause of the low learning outcomes in invertebrate zoology
learning include: lack of high curiosity to understand concepts and analyze material, students tend to be
passive to discover their own material concepts and analyze observations (science process skills), lack
self-confidence and cooperation, the unavailability of teaching materials that support to train and develop
scientific process skills and scientific attitudes, as well as lecturers who tend to still use learning models
that are teacher centered learning .

In terms of the learning evaluation system, it has not been deliberately designed for authentic
assessment to access the achievement of comprehensive learning outcomes, evaluations carried out
tend to lead to low cognitive abilities (memory), and rarely do evaluations that lead to higher cognitive
abilities (analysis, evaluating, and creating), affective, psychomotor, and scientific thinking. One of the
reasons is the method used by lecturers in the lecture process is not yet characterized by a contextual
process.

One model that is thought to be able to develop conceptual understanding and science process skills is
project-based learning (PjBL). PjBL is learning that connects academic content with real-world contexts
according to the demands of the 21st century that can involve students in learning design, arouse student
enthusiasm for problem solving, and decision making. PjBL becomes one of the learning model choices
that will be used to empower understanding of concepts and science process skills (Halimatusyadiyah
et al., 2022; Markula & Aksela, 2022). PjBL gives a better influence and improves students' science
process skills (Afifin et al., 2021). Other results conclude that the ability of self-efficacy gives significant
results related to project learning (Choi et al., 2016; Shin, 2018). Furthermore, in its application
the PjBL learning model can be used on a broad scale (general) for problems in several domains
regardless of its content, or narrow scale (specifically) for certain domains such as classifying laboratory
specimens.

The results of research conducted by previous researchers show that students who have been
given PjBL training will influence students to learn more about how to solve specific problems
found. Likewise with the recognition of the teachers put forward by Chiang and Lee (2016), by looking at
the effect of this PjBL exercise the teachers agree that the PjBL is important to apply especially in
science, because it affects the motivation to learn, the ability to solve problems. The application
of PjBL especially in the field of biology, it can affect the learning outcomes of human digestive system
materials, helping students understand the processes of scientists in order to obtain and use biological
knowledge for scientific advancement (Nofitasari et al., 2021; Tuapultty et al., 2023).

Based on the rationality of strengths and weaknesses of PjBL, it is considered important to conduct
research about its implementation in invertebrate zoology courses and influence on conceptual
understanding and science process skills. This research was aimed to analyze the integration of PjBL in
the Invertebrate Zoology course on scientific process skills and conceptual understanding of student.
Mastery of science process skills and conceptual understanding are key aspects in science learning,
including in Invertebrate Zoology courses. Science process skills enable students to actively engage in
the process of scientific inquiry, while conceptual understanding supports them in building deep and
transferable knowledge. These two aspects are very important to prepare Biology Education students to
face the challenges of the 21st century, which demands the ability to think critically, solve problems, and
apply knowledge effectively. This research is important to analyze how the integration of PjBL activities
can improve students' science process skills and conceptual understanding in the Invertebrate Zoology
course. It is hoped that the results of this research will provide valuable insights for the development of
science learning that is more effective and relevant to the needs of the 21st century, so that it can
contribute to improving the quality of graduates of the Biology Education study program.

Method

This research was conducted for 4 months. There were nine material topics that students learned during
this study, namely Porifera, Coelenterata, Ctenophora, Vermes, Mollusca, Echinoderms and
Arthrophoda. The experimental class and the conventional class all study nine topics. PjBL activities are
independent variables, while science process skills and concept understanding are dependent
variables. Class meetings are held once a week and each lesson lasts 150 minutes.

The implementation of project activities in the experimental class was carried out in stages in accordance
with the learning steps of the project referring to Grant (2002) and Sumarni et al (2016) including stage:
(1) student orientation on project problems; (2) the organization of teaching and learning
activities; (3) Guidance project guidance; (4) development and presentation of project results; and (5)
analysis and evaluation of the learning process and reflection on project results. As for conventional
classes over the past five years applying conventional learning methods/models. Application of the
conventional learning models based on the instruction experimentally that complete, contains objectives,
basic theory, tools and materials, working procedures and data tables, presentations.

Respondents in this study were biology education students who took the Invertebrate Zoology course in
the 3rd semester year at the Universitas Bengkulu consisting of 80 students. A sample of 80 students
was taken by cluster random sampling technique. The design used is quasi-experimental, only posttest
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control group design. The research instrument was a science process skill questionnaire and a test for
understanding concepts. The process skills questionnaire consisted of 30 items that had been validated
by a scientist and tested on students who were not research samples. Concept understanding tests are
given in the form of essay tests (Chabalengula et al., 2012; Erkol & Ugulu, 2014; Ongowo & Indoshi,
2013).

The validity and reliability tests were determined based on the results of the trials on 32 students who
were not research samples. The reliability test results with Crocbachs Alpha show the results of 0.847
for science process skills and 0.914 for self-efficacy. The problem of science process and self-efficacy
has been tested for validity using the Pearson Correlation test which shows all items are valid.
Research data were statistically tested using ANOVA which aims to explain the difference between more
than two groups of samples with a significance level of 5% (p <0.5) (Mertler & Reinhart, 2016). The data
obtained were first tested in the analysis prerequisites including the Kolmogorov-Smirnov normality test
and the homogeneity of variance using the Levene-Test. The hypothesis being tested is that there is no
influence on the integration project activities to improve science processes and self-efficacy skills. All
data testing was performed using the SPSS Program version 23.0 for windows.

Results and Discussion

Implementation of PjBL

Descriptive data analysis about the integration of PjBL in the learning process presented in Table 1. The
learning process by integrating project activities gives good results when viewed from the data presented
in Table 1. Projects carried out by students in some activities still require direction and guidance during
the process learning. Students are still less critical in investigating and analyzing the data needed to
complete a project, therefore, it must be stressed repeatedly. In addition, with various activities and
repetitive emphasis can improve student skills. Students can also work cooperatively and collaboratively
with their groups that projects created during several activities can produce the expected product. To be
accustomed to exploring through investigative learning, organizing problems, organizing data, making
hypotheses, it is necessary to increase reflection during project activities.

Table 1. Results of Analysis of PjBL Integration

PjBL Syntax

Activity (valuein %)

1 2 3 4 5 6 7
Student orientation to problems 66.67 77.78  88.89 77.78 77.78 77.78  88.89
Arrange students to study 88.89 66.67 77.78 77.78 77.78 88.89 88.89
Guide students to carry out project activities 83.33 83.33 83.33 83.33 83.33 66.67  66.67
Develop and present project results 66.67 66.67 83.33 83.33 66.67 83.33  83.33
Analyze and evaluate process activities 66.67 66.67 66.67 83.33 83.33 83.33 8333
Average 7445 7222 80.00 81.11 77.78 80.00 82.22

Integration of PjBL with Scientific Process Skills

Data analysis was carried out to explain the effect of the integration of PjBL on the scientific process
skills of Biology Education Study Program students in the Invertebrate Zoology course. The results are
presented in Table 2. ANOVA test results show that the effect of the integration of PjBL on students'
scientific process skills in the Invertebrate Zoology course is very significant. That can be seen from the
calculation results (0.038) with an F value of 4.524.

Table 2. Summary of the integration analysis of PjBL in the scientific process skills of prospective biology

teachers
Number of Squares Df Mean Square F Sig.
Between groups 35.267 1 35.267 4.524 0.0038
In Group 452.133 58 7.795
Total 487.400 59

This result is in agreement with many previous researchers who have investigated the relationship
between PjBL as a learning model or strategy and scientific process skills. PjBL serves a feasible way
to incorporate classroom learning activities. A literature study shows that PjBL can promote the
development of higher cognitive levels and offer various forms of performance appraisal (Guo et al.,
2020; Yu, 2024). Other results show that students who experience difficulties in conventional learning
gain significant benefits through PjBL experiences (Cooper & Kotys-Schwartz, 2013). Thus, PjBL can
develop better performance skills (Sumarni et al., 2016). More important when students do project work,
their abilities increase because of experience in performing complex skills (Artama et al., 2023; Guo et
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al., 2020). This finding becomes even more important for students learning through PjBL. Therefore, this
learning strategy can be an alternative to place them as students in a better position.

PjBL shows positive results with the creation of active learning that is interesting and meaningful. Mastery
of science process skills enables students to conceptualize at a deeper level. In addition, he also
classified these scientific process skills into information processing skills, reasoning, inquiry, and creative
thinking skills (Opateye, 2012). PjBL is learning in which students respond to questions around the real
world or solve problems through inquiry processes, develop thinking skills, creativity and encourage them
to work together as a team (Fatimah, 2018; Issa & Khataibeh, 2021). PjBL can also create an
environment that helps students to build meaningful knowledge and become active in student-centered
learning, and encourage them to collaborate and solve problems on relevant knowledge and skills
(Chiang & Lee, 2016).

The learning process by integrating project activities gives good results when seen from Table 1 of the
data presentation. Projects undertaken by students in several activities still require direction and
guidance during the learning process. Students are still less critical in investigating and analyzing the
data needed to complete a project, therefore, it must be stressed repeatedly. In addition, with various
activities and repetitive emphasis can improve student skills. Students can also work cooperatively and
collaboratively with them that projects created during several activities can produce the expected
products. To achieve habituation to be explored through learning inquiry, organizing problems,
organizing data, making hypotheses, and reflection during project activities need to be improved.
These results are consistent with a number of previous researchers who have studied the relationship
between project-based learning as a learning model or strategy and scientific process skills and self-
efficacy. PjBL serves a feasible way to incorporate classroom learning activities. A literature study shows
that PjBL can promote the development of higher cognitive levels and offer various forms of performance
appraisal (Almulla, 2020; Ngereja et al., 2020; Zhang & Ma, 2023). Other results indicate that students
are experiencing difficulties in conventional learning significant benefits are obtained through PjBL
experiences (Cooper & Kotys-Schwartz, 2013). Thus, PjBL can develop better performance skills (Guo
et al., 2020). This finding becomes even more important for students learning through PjBL. Therefore,
this learning strategy can be an alternative to place them as students in a better position.

Based on research conducted by See et al (2015) it is explained that PjBL shows positive results with
the creation of active learning that is interesting and meaningful. Opateye (2012) explains that mastery
of science process skills enables students to conceptualize at a deeper level. In addition, he also
classified these scientific process skills into information processing skills, reasoning, inquiry, and creative
thinking skills. Chiang and Lee (2016) explain that PjBL can also create an environment that helps
students to build meaningful knowledge and become active in student-centered learning, and encourage
them to collaborate and solve problems on relevant knowledge and skills.

In general, Shin (2018) revealed that PjBL can increase student motivation in learning science, the ability
to solve problems and improve learning achievement. A recent study from Picard et al. (2022) that a
well-designed project process can help students to achieve knowledge and skills better than lecturing in
engineering education. Other findings in the work of laboratory work projects can help students visualize
abstract concepts become real, develop student performance directions and are easily understood by
students (EImoazen et al., 2023; Shana & Abulibdeh, 2020).

This finding confirms that scientific process skills can be trained and developed through the integration
of projects in the learning process, project-based learning, or a combination of PjBL with other learning
strategies. Further explanation regarding the position of each indicator in scientific process skills is
shown in Figure 1.
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Figure 1. Average score of scientific process skills in project and non-project classes
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Based on the results of the study, the project class and non-project class have the same ability in
observing, measuring, and making operational definitions. Observation is the most basic process in
science (Agustiani et al.,, 2022; Hardianti & Permatasari, 2023). Measurement is a quantitative
representation of observations, which can be done by making operational definitions for variables, which
will vary according to facts, phenomena, and related variables that cannot be measured directly. This
measurement can be done using standard and non-standard measurements to describe each dimension
(Ongowo & Indoshi, 2013).

The ability to make conclusions, classify, and predict the project class higher than the class of non-
projects. The ability to make conclusions refers to the development of observation and previous
knowledge, express ability to classify. One can categorize an object of course based on similarities,
differences, and relationships between objects. Therefore, classification has an exclusive role in
developing various conceptions. This is because facts and generalizations must be collected and
arranged to form concepts. Predicting is an important part of science, which refers to how someone
makes a specific statement about what will happen. Accurate predictions need thorough observations
and correct measurements. The prediction also states the statement of the event's future results based
on the pattern of evidence (Chabalengula et al., 2012; Ongowo & Indoshi, 2013).

The results also showed that non-project class students have higher communication skills, control
variables, make hypotheses, and interpret data than project class students. Communication is
important as a basic human effort in making arguments. Communication can be done by using words or
symbols to describe an action, object or event. Control variable also the skills necessary to improve the
data validity and reliability and manage scientific investigation (Chabalengula et al., 2012; Ongowo &
Indoshi, 2013).

Making a hypothesis or statement about possible variable relationships is another basic skill based on
observation. Data interpretation is related to the analysis of organized data, inferred from data and
making sense of data. Therefore, one can easily find patterns that lead to conclusions or hypotheses
(Erkol & Ugulu, 2014; Ongowo & Indoshi, 2013). When examined from the standpoint of behavior theory,
Schunk (2012) state that learning behavior can influence the learning process. Some things suggested
in behavioral learning theory include emphasizing stimulus presentation and response reinforcement
(Thorndike's learning theory), habituation (Pavlov's Theory), and reinforcement (Skinner's theory) not yet
attached to several indicators in the project class.

The ability of students to explore themselves is still lacking so meaningful learning concepts as in
Ausubel theory need to be emphasized as challenges and have positive opportunities to become better.
A number of research findings support that scientific process skills are strongly related to cognitive
development, support thinking, reasoning, inquiry, evaluation, student problem solving skills, and
creativity (Almulla, 2023; Hacieminoglu et al., 2022; Mayer et al., 2014; Ozgelen, 2012; Sholahuddin et
al., 2020). In addition, there is a strong relationship between student achievement and learning (Figure
1). Average score of scientific process skills in the project class and non-project class process
skills. Previous studies have shown that scientific process skills are another important factor required for
problem solving and direct functionality (Hernawati et al., 2019; lima et al., 2020; Prayitno et al., 2017).
The researchers believe that a positive attitude towards science makes students more interested in
focusing the science process. In other words when students understand science process skills, it
becomes more attractive to them, so as to increase positive attitudes towards science (Hofstein &
Mamlok-Naaman, 2011; Tytler & Osborne, 2012). Researchers investigate the acquisition of science
process skills by teachers. The results showed that they had moderate scientific skills acquisition and
did not show differences in results by sex (Wola et al., 2023; Zeidan & Jayosi, 2014).

Integration of PjBL on Conceptual Understanding

Analysis of PjBL on understanding the concepts of Biology Education students is shown in Table
3 and Table 4. In Table 3, the results of descriptive analysis are related to the project's effect on
understanding the concepts of Biology Education students. The experimental class average pre-test
concept comprehension was 75.14 and post-test was 79.17 while the control class was average pre-test
concept comprehension by 76.09 and post-test by 75.26. Thus, the effect size or d-value for the PjBL
model on concept understanding in the experimental class is 0.71, it can be concluded that it has a big
effect, while for the control class, 0.11, it can be concluded that it has a moderate effect.

Table 3. Average Pre-test, Post-test, and effect size on Conceptual Understanding

Treatment class Pre-test average Post-test average Effect Size
Project class 75.14 79.17 0.71
Non-project class 76.09 75.26 A1
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Table 4. Summary of ANCOVA Understanding Test Results

Type Il Sum of
Source Squares df Mean Square F Sig.

Corrected Model 118.350 * 2 59.175 12.517 .000
Intercept 1269.431 1 1269.431 268.951 .000
Group 64.309 1 64.309 13.625 .000
Pretest_Concept_Deepening 19.935 1 19.935 4.224 .044
Error 316.236 67 4.720

Total 9877.000 70

Corrected Total 434.586 69

Table 4 shows the significance value in the corrected model with the conclusion that there is a significant
effect of the learning model on the understanding of concepts in signification 0.000 with an F value of
12.517. While the significance for the concept understanding variable is 0.044 with a Sig value <0.05
and an F value of 4.224. The PjBL model has a significant effect on the understanding of concepts with
pre-tests as covariates at the 0.05 significance level. The significance value obtained is 0.000.

The data in Table 4 indicates that the learning model applied has a significant impact on students'
conceptual understanding in the Invertebrate Zoology course. These results also show that the PjBL has
a significant influence on students' conceptual understanding at the 0.05 significance level, with the pre-
test score as a covariate. The significance value obtained is 0.000, which means the PjBL model
significantly increases students' conceptual understanding in learning Invertebrate Zoology.

The integration of PjBL in science learning, especially in Invertebrate Zoology courses, can be an
effective approach to facilitate the development of students' conceptual understanding. PjBL encourages
students' active involvement in the process of scientific inquiry, enabling them to connect theoretical
concepts with practical applications, as well as encouraging critical thinking, problem-solving and
collaborative skills (Almulla, 2020; Issa & Khataibeh, 2021; Markula & Aksela, 2022). Feedback and
reflection during and after project activities also provide opportunities for students to improve their
conceptual understanding, so that the understanding developed becomes deeper and longer lasting
(Hartmann et al., 2023; Veine et al., 2020).

Based on the results of data analysis, PjBL also influences Biology Education Students' conceptual
understanding. PjBL has advantages that make it stand out among other models. PjBL engages
students, improves cooperative skills (de la Torre-Neches et al., 2020; Grant, 2002), improves academic
achievement (Zhang & Ma, 2023), develops HOTS (Khafah et al., 2023), motivation (Wijnia et al., 2024),
and builds positive relationships between students and teachers. A number of research findings reveal
that significant learning outcomes have a direct relationship to project experience and demonstrate the
development of conceptual understanding. The project experience process can help students improve
their understanding of concepts and continuous learning processes (Almulla, 2020; Zhang & Ma, 2023).

Conclusion

Based on the research above, it can be concluded that the integration of pJbl has a significant effect
towards the scientific skills process at 0.038 with an F value of 4.524 and also has a significant effect on
self-effectiveness at 0.018 with an F value of 0.018. Based on the analysis, the integration of teaching
Invertebrate Zoology and the learning process of students study biology can improve the scientific
process skills and conceptual understanding, with a significance level of 0.05. The integration of PjBL in
the learning process tends to have a higher potential in improving science process skills and conceptual
understanding of biology education students. Statistical analysis shows the PjBL significantly influence
science process skills and understanding of biology education student concepts. It believes that the
integration of PjBL has the right learning stages that are needed by students in increasing their
achievement. Students engage in a variety of skills and foster their self-efficacy.

This research contributes to biology education students and lecturers to implement project integration in
involving many skills in training and developing science process skills and conceptual
understanding. Another thing of self-efficacy is strengthening during the learning process. The
implications of this research education curriculum should pay more attention to small research activities,
especially those that have a direct impact on improving teaching practices and improving the
performance of biology education students in science learning. PjBL can be taken into consideration in
developing learning in the Invertebrate Zoology course

The limitation of this study is the number of samples which are less representative in representing the
research. Another problem is the concept of limited discussion in research on Arthropod material lack of
original specimens as samples during the learning process. For further research it is recommended to
add a number of samples and expand research material.

492



///’ e _7-7\\\_
- JPBI
\\ ‘7-77-7-/*

Abas et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 486-496

Conflicts of Interest

The author stated has no conflicts of interest in this paper.

Author Contributions

A. Abas: analysis of data and writing, original draft preparation, revision; M. Amin: methodology, data
checking and data validation; I. Ibrohim: methodology and data review; and S. E. Indriwati:
methodology and data review.

References

Afifin, M. O., Setyosari, P., Murtadho, N., & Sulton. (2021). The effect of project based learning on
learning outcomes in the fifth-grade science education. Turkish Journal of Computer and
Mathematics Education, 12(6), 4102—-4112.
https://turcomat.org/index.php/turkbilmat/article/view/8381/6557

Agustiani, E., Aminah, N. S., & Suryana, R. (2022). Analysis of science process skills based on
programme for international student assessment test and observation instruments of senior high
schools. Jurnal Pendidikan Fisika Indonesia, 18(1), 45-54.
https://doi.org/10.15294/jpfi.v18i1.29434

Almulla, M. A. (2020). The effectiveness of the project-based learning (PBL) approach as a way to
engage students in learning. SAGE Open, 10(3), 1-15.
https://doi.org/10.1177/2158244020938702

Almulla, M. A. (2023). Constructivism learning theory: A paradigm for students’ critical thinking,
creativity, and problem solving to affect academic performance in higher education. Cogent
Education, 10(1), 2172929. https://doi.org/10.1080/2331186X.2023.2172929

Anggraeni, R., Abdulkarim, A., & Jupri, J. (2019). Improvement of digital literation in aspects of
creativity thinking participants education through project based learning in social studies.
International Journal Pedagogy of Social Studies, 4(1), 17-22.
https://doi.org/10.17509/ijposs.v4i1.15387

Ansori, A. Z. (2020). Analysis of biology daily assessment according to cognitive process dimension
and higher order thinking skills question. Journal of Biology Education, 9(1), 30-35.
http://journal.unnes.ac.id/sju/index.php/ujbe

Artama, K. K. J., Budasi, I. G., & Ratminingsih, N. M. (2023). Promoting the 21st century skills using
project-based learning. Language Circle: Journal of Language and Literature, 17(2), 325-332.
https://doi.org/10.15294/Ic.v17i2.39096

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Miller-Ricci, M., & Rumble, M. (2012).
Assessment and teaching of 21st century skills. In P. Griffin, B. McGaw, & E. Care (Eds.),
Defining Twenty-First Century Skills (pp. 17-66). Springer Netherlands.
https://doi.org/10.1007/978-94-007-2324-5_2

Chabalengula, V. M., Mumba, F., & Mbewe, S. (2012). How pre-service teachers’ understand and
perform science process skills. Eurasia Journal of Mathematics, Science and Technology
Education, 8(3), 167-176. https://doi.org/10.12973/eurasia.2012.832a

Chiang, C. L., & Lee, H. (2016). The effect of project-based learning on learning motivation and
problem-solving ability of vocational high school students. International Journal of Information
and Education Technology, 6(9), 709-712. https://doi.org/10.7763/IJIET.2016.V6.779

Chitiba, C. A. (2012). Lifelong learning challenges and opportunities for traditional universities.
Procedia - Social and Behavioral Sciences, 46, 1943-1947.
https://doi.org/10.1016/j.sbspro.2012.05.408

Choi, J., Kim, B., Lee, J.-H., & Park, Y. (2016). The Impact of Project-Based Learning on Teacher Self-
Efficacy. SSRN Electronic Journal, April. https://doi.org/10.2139/ssrn.2778532

Cooper, L. A, & Kotys-Schwartz, D. A. (2013). Designing the design experience-identifying factors of
student motivation in project-based learning and project-based service-learning. ASEE Annual
Conference and Exposition, Conference Proceedings, January 2013. https://doi.org/10.18260/1-
2--19396

Cross, R., Bone, E., Ampt, P., Bell, T., Quinnell, R., & Gongora, J. (2020). Embedding Cultural
Competence in Science Curricula BT - Cultural Competence and the Higher Education Sector:
Australian Perspectives, Policies and Practice (J. Frawley, G. Russell, & J. Sherwood (eds.); pp.
255-275). Springer Singapore. https://doi.org/10.1007/978-981-15-5362-2_14

Darling-Hammond, L., Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. (2020). Implications for
educational practice of the science of learning and development. Applied Developmental
Science, 24(2), 97-140. https://doi.org/10.1080/10888691.2018.1537791

de la Torre-Neches, B., Rubia-Avi, M., Aparicio-Herguedas, J. L., & Rodriguez-Medina, J. (2020).
Project-based learning: an analysis of cooperation and evaluation as the axes of its dynamic.

493


https://turcomat.org/index.php/turkbilmat/article/view/8381/6557
https://doi.org/10.15294/jpfi.v18i1.29434
https://doi.org/10.1177/2158244020938702
https://doi.org/10.1080/2331186X.2023.2172929
https://doi.org/10.17509/ijposs.v4i1.15387
http://journal.unnes.ac.id/sju/index.php/ujbe
https://doi.org/10.15294/lc.v17i2.39096
https://doi.org/10.1007/978-94-007-2324-5_2
https://doi.org/10.12973/eurasia.2012.832a
https://doi.org/10.7763/IJIET.2016.V6.779
https://doi.org/10.1016/j.sbspro.2012.05.408
https://doi.org/10.2139/ssrn.2778532
https://doi.org/10.18260/1-2--19396
https://doi.org/10.18260/1-2--19396
https://doi.org/10.1007/978-981-15-5362-2_14
https://doi.org/10.1080/10888691.2018.1537791

///’ e _7-7\\\_
- JPBI
\\ ‘7-77-7-/*

Abas et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 486-496

Humanities and Social Sciences Communications, 7(1), 167. https://doi.org/10.1057/s41599-
020-00663-z

Dutta, S., He, M., & C.W. Tsang, D. (2023). Reflection and peer assessment to promote self-directed
learning in higher education. Journal of Educational Research and Reviews, 11(3), 35-46.
https://doi.org/10.33495/jerr_v11i3.23.111

Education, E. (2012). Self-Efficacy for Cross-Disciplinary Learning in Project-Based Teams. 101(1),
82-94.

Elfert, M., & Rubenson, K. (2023). Lifelong learning: Researching a contested concept in the twenty-
first century. In K. Evans, W. O. Lee, J. Markowitsch, & M. Zukas (Eds.), Third International
Handbook of Lifelong Learning (pp. 1219-1243). Springer International Publishing.
https://doi.org/10.1007/978-3-031-19592-1 48

Elmoazen, R., Sagr, M., Khalil, M., & Wasson, B. (2023). Learning analytics in virtual laboratories: a
systematic literature review of empirical research. Smart Learning Environments, 10(1), 23.
https://doi.org/10.1186/s40561-023-00244-y

Erkol, S., & Ugulu, I. (2014). Examining biology teachers candidates’ scientific process skill levels and
comparing these levels in terms of various variables. Procedia - Social and Behavioral
Sciences, 116, 4742-4747. https://doi.org/10.1016/j.sbspro.2014.01.1019

Fajaryati, N., Budiyono, Akhyar, M., & Wiranto. (2020). The employability skills needed to face the
demands of work in the future: Systematic literature reviews. Open Engineering, 10(1), 595—
603. https://doi.org/10.1515/eng-2020-0072

Fatimah, S. (2018). The effect of project based science learning on PGSD students ’ creative thinking
ability. Jurnal Pendidikan Indonesia, 7(2), 100-105.
https://ejournal.undiksha.ac.id/index.php/JPl/article/view/13018

Gizaw, G. G., & Sota, S. S. (2023). Improving science process skills of students: A review of literature.
Science Education International, 34(3), 216—224. https://doi.org/10.33828/sei.v34.i3.5

Grant, M. M. (2002). Getting a grip on project-based learning: Theory, cases and recommendations.
Meridian, 5(1), 1-18.

Griffin, P., & Care, E. (2015). Assessment and 21st teaching of century skills: Methods and approach.
In Assessment and Teaching of 21st Century Skills. Springer. https://doi.org/10.1007/978-94-
017-9395-7_15

Griffin, P., McGaw, B., & Care, E. (2012). Assessment and teaching of 21st century skills. In
Assessment and Teaching of 21st Century Skills. Springer.
http://www.springerlink.com/index/10.1007/978-94-007-2324-5

Guo, P., Saab, N., Post, L. S., & Admiraal, W. (2020). A review of project-based learning in higher
education: Student outcomes and measures. International Journal of Educational Research,
102(May), 101586. https://doi.org/10.1016/].ijer.2020.101586

Hacieminoglu, E., Yildiz, N. G., & Seker, R. (2022). Factors related to cognitive reasoning of pre-
service teachers’ science process skills: Role of experiments at home on meaningful learning. in
Sustainability (Vol. 14, Issue 13). https://doi.org/10.3390/su14137703

Halimatusyadiyah, N., Anasya, S. W., & Pajri, A. (2022). The effectiveness of the project based
learning model in the independent learning curriculum. Jurnal Kewarganegaraan, 6(2), 4836—
4844.

Hardianti, R. D., & Permatasari, |. U. (2023). Promoting students’ science process skills through predict
discuss explain observe discuss explain implementation. Unnes Science Education Journal,
12(1), 1-6. https://doi.org/10.15294/usej.v12i1.65648

Hartmann, A., Vinke-de Kruijf, J., & van Weesep, R. (2023). Asking the right questions: The role of
reflection for learning in and between projects. International Journal of Project Management,
41(5), 102494. https://doi.org/10.1016/j.ijproman.2023.102494

Hernawati, D., Amin, M., Al Muhdhar, M. H. I., & Indriwati, S. E. (2019). Science literacy skills through
the experience of project activities with assisted local potential based learning materials. JPBI
(Jurnal Pendidikan Biologi Indonesia), 5(1), 159-168. https://doi.org/10.22219/jpbi.v5i1.7372

Hofstein, A., & Mamlok-Naaman, R. (2011). High-school students’ attitudes toward and interest in
learning chemistry. Educacion Quimica, 22(2), 90-102. https://doi.org/10.1016/s0187-
893x(18)30121-6

lima, S., Al-Muhdhar, M. H. I., Rohman, F., & Saptasari, M. (2020). The correlation between science
process skills and biology cognitive learning outcome of senior high school students. JPBI
(Jurnal Pendidikan Biologi Indonesia), 6(1), 55—-64. https://doi.org/10.22219/jpbi.v6i1.10794

Issa, H. B., & Khataibeh, A. (2021). The effect of using project based learning on improving the critical
thinking among upper basic students from teachers’ perspectives. Pegem Egitim ve Ogretim
Dergisi, 11(2), 52-57. https://doi.org/10.14527/pegegog.2021.00

Khafah, F., Suprapto, P. K., & Nuryadin, E. (2023). The effect of project-based learning model on
students’ critical and creative thinking skills in the ecosystem concept. JPBI (Jurnal Pendidikan
Biologi Indonesia), 9(3), 244—255. https://doi.org/10.22219/jpbi.v9i3.27461

Kim, S., Raza, M., & Seidman, E. (2019). Improving 21st-century teaching skills: The key to effective

494


https://doi.org/10.1057/s41599-020-00663-z
https://doi.org/10.1057/s41599-020-00663-z
https://doi.org/10.33495/jerr_v11i3.23.111
https://doi.org/10.1007/978-3-031-19592-1_48
https://doi.org/10.1186/s40561-023-00244-y
https://doi.org/10.1016/j.sbspro.2014.01.1019
https://doi.org/10.1515/eng-2020-0072
https://ejournal.undiksha.ac.id/index.php/JPI/article/view/13018
https://doi.org/10.33828/sei.v34.i3.5
https://doi.org/10.1007/978-94-017-9395-7_15
https://doi.org/10.1007/978-94-017-9395-7_15
http://www.springerlink.com/index/10.1007/978-94-007-2324-5
https://doi.org/10.1016/j.ijer.2020.101586
https://doi.org/10.3390/su14137703
https://doi.org/10.15294/usej.v12i1.65648
https://doi.org/10.1016/j.ijproman.2023.102494
https://doi.org/10.22219/jpbi.v5i1.7372
https://doi.org/10.1016/s0187-893x(18)30121-6
https://doi.org/10.1016/s0187-893x(18)30121-6
https://doi.org/10.22219/jpbi.v6i1.10794
https://doi.org/10.14527/pegegog.2021.00
https://doi.org/10.22219/jpbi.v9i3.27461

///’ e _7-7\\\_
- JPBI
\\ ‘7-77-7-/*

Abas et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 486-496

21st-century learners. Research in Comparative and International Education, 14(1), 99-117.
https://doi.org/10.1177/1745499919829214

Kurniah, N., Agustriana, N., & Sapri, J. (2023). Integration of scientific literacy and technology in
designing early childhood learning. Indonesian Journal of Early Childhood Education Studies,
12(2), 204-210. https://doi.org/10.15294/ijeces.v12i2.75634

Lenihan, H., McGuirk, H., & Murphy, K. R. (2019). Driving innovation: Public policy and human capital.
Research Policy, 48(9), 103791. https://doi.org/10.1016/j.respol.2019.04.015

Malik, R. S. (2018). Educational challenges in 21St century and sustainable development. Journal of
Sustainable Development Education and Research, 2(1), 10-20.
https://doi.org/10.17509/jsder.v2i1.12266

Markula, A., & Aksela, M. (2022). The key characteristics of project-based learning: how teachers
implement projects in K-12 science education. Disciplinary and Interdisciplinary Science
Education Research, 4(1), 2. https://doi.org/10.1186/s43031-021-00042-x

Mayer, D., Sodian, B., Koerber, S., & Schwippert, K. (2014). Scientific reasoning in elementary school
children: Assessment and relations with cognitive abilities. Learning and Instruction, 29, 43-55.
https://doi.org/10.1016/j.learninstruc.2013.07.005

Mertler, C. A., & Reinhart, R. V. (2016). Advanced and Multivariate Statistical Methods. In Advanced
and Multivariate Statistical Methods. Routledge. https://doi.org/10.4324/9781315266978

Ngereja, B., Hussein, B., & Andersen, B. (2020). Does project-based learning (PBL) promote student
learning? A performance evaluation. Education Sciences, 10(11), 330.
https://doi.org/10.3390/educscil0110330

Nofitasari, A., Lisdiana, L., & Marianti, A. (2021). Development of My Biology App learning media
based on android materials of food digestion systems as student learning source at MA. Journal
of Innovative Science Education, 9(3), 70-78. https://doi.org/10.15294/jise.v9i2.38670

Ongowo, R. O., & Indoshi, F. C. (2013). Science process skills in the Kenya certificate of secondary
education biology practical examinations. Creative Education, 4(11), 713-717.
https://doi.org/10.4236/ce.2013.411101

Opateye, J. A. (2012). Developing and assessing science and technology process skills (STPSs) in
Nigerian universal basic education environment. Journal of Educational and Social Research,
2(8), 34—42. https://doi.org/10.5901/jesr.2012.v2n8p34

Ozgelen, S. (2012). Students’ science process skills within a cognitive domain framework. Eurasia
Journal of Mathematics, Science and Technology Education, 8(4), 283—-292.
https://doi.org/10.12973/eurasia.2012.846a

Partnership for 21 st Century Skills. (2015). Partnership for 21St century skills-core content integration.
In Ohio Department of Education. Partnership for 21 st Century Skills.

Picard, C., Hardebolle, C., Tormey, R., & Schiffmann, J. (2022). Which professional skills do students
learn in engineering team-based projects? European Journal of Engineering Education, 47(2),
314-332. https://doi.org/10.1080/03043797.2021.1920890

Prayitno, B. A., Corebima, D., Susilo, H., Zubaidah, S., & Ramli, M. (2017). Closing the science
process skills gap between students with high and low level academic achievement. Journal of
Baltic Science Education, 16(2), 266—277. https://doi.org/10.33225/jbse/17.16.266

Rustiawan, I., Amory, J. D. S., & Kristanti, D. (2023). The importance of creativity in human resource
management to achieve effective administration. Journal of Contemporary Administration and
Management (ADMAN), 1(3), 144-149. https://doi.org/10.61100/adman.v1i3.63

Saifurrahman, M., Sudira, P., & Daryono, R. W. (2021). The determinant factor of the principal
leadership solutions in facing the 21st-century learning. Jurnal Pendidikan Dan Pengajaran,
54(2), 230-243. https://doi.org/10.23887/jpp.v54i2.34102

Schunk, D. H. (2012). Learning theories: An educational perspective (6th ed.). Allyn & Bacon.
https://doi.org/10.1017/CB0O9781107415324.004

See, Y. G., Rashid, A. M., & Bakar, A. R. (2015). The effect of project based learning on level of
content knowledge of pre-vocational subject. Mediterranean Journal of Social Sciences, 6(6),
369-375. https://doi.org/10.5901/mjss.2015.v6n6s4p369

Serdyukov, P. (2017). Innovation in education: What works, what doesn’t, and what to do about it?
Journal of Research in Innovative Teaching & Learning, 10(1), 4-33.
https://doi.org/10.1108/JRIT-10-2016-0007

Shana, Z., & Abulibdeh, E. S. (2020). Science practical work and its impact on students’ science
achievement. Journal of Technology and Science Education, 10(2), 199-215.
https://doi.org/10.3926/JOTSE.888

Shin, M.-H. (2018). Effects of project-based learning on students’ motivation and self-efficacy. English
Teaching, 73(1), 95-114. https://doi.org/10.15858/engtea.73.1.201803.95

Sholahuddin, A., Yuanita, L., Supardi, Z. A. I., & Prahani, B. K. (2020). Applying the cognitive style-
based learning strategy in elementary schools to improve students’ science process skills.
Journal of Turkish Science Education, 17(2), 289-301. https://doi.org/10.36681/tused.2020.27

Sumarni, W., Wardani, S., Sudarmin, S., & Gupitasari, D. N. (2016). Project based learning (PBL) to

495


https://doi.org/10.1177/1745499919829214
https://doi.org/10.15294/ijeces.v12i2.75634
https://doi.org/10.1016/j.respol.2019.04.015
https://doi.org/10.17509/jsder.v2i1.12266
https://doi.org/10.1186/s43031-021-00042-x
https://doi.org/10.1016/j.learninstruc.2013.07.005
https://doi.org/10.4324/9781315266978
https://doi.org/10.3390/educsci10110330
https://doi.org/10.15294/jise.v9i2.38670
https://doi.org/10.4236/ce.2013.411101
https://doi.org/10.5901/jesr.2012.v2n8p34
https://doi.org/10.12973/eurasia.2012.846a
https://doi.org/10.1080/03043797.2021.1920890
https://doi.org/10.33225/jbse/17.16.266
https://doi.org/10.61100/adman.v1i3.63
https://doi.org/10.23887/jpp.v54i2.34102
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.5901/mjss.2015.v6n6s4p369
https://doi.org/10.1108/JRIT-10-2016-0007
https://doi.org/10.3926/JOTSE.888
https://doi.org/10.15858/engtea.73.1.201803.95
https://doi.org/10.36681/tused.2020.27

///’ e _7-7\\\_
- JPBI
\\ ‘7-77-7-/*

Abas et al. | JPBI (Jurnal Pendidikan Biologi Indonesia), Vol. 10 Issue 2, 2024, 486-496

improve psychomotoric skills: A classroom action research. Jurnal Pendidikan IPA Indonesia,
5(2), 157-163. https://doi.org/10.15294/jpii.v5i2.4402

Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J. M., Morisseau, T., Bourgeois-Bougrine, S.,
Vinchon, F., El Hayek, S., Augereau-Landais, M., Mourey, F., Feybesse, C., Sundquist, D., &
Lubart, T. (2023). Creativity, critical thinking, communication, and collaboration: Assessment,
certification, and promotion of 21st century skills for the future of work and education. Journal of
Intelligence, 11(3), 54. https://doi.org/10.3390/jintelligence11030054

Tuaputty, H., Alimudi, S., Irene, 1., Latuperissa, L. N., & Donkor, A. K. (2023). Project-based learning
using a laboratory approach on learning outcomes and critical thinking in marine biology. JPBI
(Jurnal Pendidikan Biologi Indonesia), 9(1), 103-114. https://doi.org/10.22219/jpbi.v9i1.24551

Turiman, P., Omar, J., Daud, A. M., & Osman, K. (2012). Fostering the 21st century skills through
scientific literacy and science process skills. Procedia - Social and Behavioral Sciences, 59,
110-116. https://doi.org/10.1016/j.shspro.2012.09.253

Tytler, R., & Osbhorne, J. (2012). Student attitudes and aspirations towards science. In Second
International Handbook of Science Education (Issue January). Springer.
https://doi.org/10.1007/978-1-4020-9041-7

van Laar, E., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2020). Determinants of
21st-century skills and 21st-century digital skills for workers: A systematic literature review.
SAGE Open, 10(1), 2158244019900176. https://doi.org/10.1177/2158244019900176

Veine, S., Anderson, M. K., Andersen, N. H., Espenes, T. C., Sgyland, T. B., Wallin, P., & Reams, J.
(2020). Reflection as a core student learning activity in higher education - Insights from nearly
two decades of academic development. International Journal for Academic Development, 25(2),
147-161. https://doi.org/10.1080/1360144X.2019.1659797

Whyte, K. P. (2013). On the role of traditional ecological knowledge as a collaborative concept: A
philosophical study. Ecological Processes, 2(1), 7. https://doi.org/10.1186/2192-1709-2-7

Wijnia, L., Noordzij, G., Arends, L. R., Rikers, R. M. J. P., & Loyens, S. M. M. (2024). The effects of
problem-based, project-based, and case-based learning on students’ motivation: A meta-
analysis. Educational Psychology Review, 36(1), 29. https://doi.org/10.1007/s10648-024-09864-
3

Wola, B. R., Rungkat, J. A., & Harindah, G. M. D. (2023). Science process skills of prospective science
teachers’ in practicum activity at the laboratory. Jurnal Inovasi Pendidikan IPA, 9(1), 50-61.
https://doi.org/10.21831/jipi.v9i1.52974

Yu, H. (2024). Enhancing creative cognition through project-based learning: An in-depth scholarly
exploration. Heliyon, 10(6), e27706. https://doi.org/10.1016/j.heliyon.2024.e27706

Yuliana, L., Sugiyono, S., & Mehta, K. (2021). Comparative study in character education management
models in Indonesia and India. Harmoni Sosial: Jurnal Pendidikan IPS, 7(2), 170-182.
https://doi.org/10.21831/hsjpi.v7i2.37143

Zeidan, A. H., & Jayosi, M. R. (2014). Science process skills and attitudes toward science among
Palestinian secondary school students. World Journal of Education, 5(1), 13-24.
https://doi.org/10.5430/wje.v5n1p13

Zhang, L., & Ma, Y. (2023). A study of the impact of project-based learning on student learning effects:
A meta-analysis study. Frontiers in Psychology, 14, 1202728).
https://doi.org/10.3389/fpsyg.2023.1202728

Zubaidah, S. (2019). Pendidikan karakter terintegrasi keterampilan abad ke-21 [21st century skills
integrated character education]. Jurnal Penelitian Dan Pengkajian limu Pendidikan: E-Saintika,
3(2), 3-24.

496


https://doi.org/10.15294/jpii.v5i2.4402
https://doi.org/10.3390/jintelligence11030054
https://doi.org/10.22219/jpbi.v9i1.24551
https://doi.org/10.1016/j.sbspro.2012.09.253
https://doi.org/10.1007/978-1-4020-9041-7
https://doi.org/10.1177/2158244019900176
https://doi.org/10.1080/1360144X.2019.1659797
https://doi.org/10.1186/2192-1709-2-7
https://doi.org/10.1007/s10648-024-09864-3
https://doi.org/10.1007/s10648-024-09864-3
https://doi.org/10.21831/jipi.v9i1.52974
https://doi.org/10.1016/j.heliyon.2024.e27706
https://doi.org/10.21831/hsjpi.v7i2.37143
https://doi.org/10.5430/wje.v5n1p13
https://doi.org/10.3389/fpsyg.2023.1202728

