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This study aimed to determine the effect of science, technology, engineering,
and mathematics project-based learning (STEM-PjBL) on the collaborative
problem solving (CPS) of preservice teachers (PSTs). The pretest-posttest
non-equivalent control group design was employed. A total of 72 PSTs
enrolled in plant physiology course participated in this study. Self-
assessment and project were used to evaluate PSTs’ CPS skills. Self-
assessment scores were analyzed by analysis of covariance (ANCOVA),
while project scores were analyzed by the Mann-Whitney U test. The results
of self-assessment indicated that STEM-PjBL enhances CPS skills,
particularly in social regulation, task regulation, and knowledge building.
The results of the team’s problem-solving skills in completing the project
did not differ between the two groups. But the result of integrated STEM
skills showed that the STEM-PjBL group was better at integrating STEM
disciplines into their project. This study highlights the importance of

interdisciplinary projects in a PjBL environment that can be adopted by
teacher preparation programs for enhancing PSTs’ CPS skills as well as
gaining knowledge of STEM integration.
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1. INTRODUCTION

The digital revolution has caused complex social, economic, and environmental problems [1]. The
rapid and unpredictable change in this digital age has had an impact on changing the way of life and opening
new dimensions in education [2]. Educational transformation is required to ensure that teachers provide their
students with the knowledge and skills they need to be successful in the future [3]. Academic researchers
recommend a modern approach that is no longer monodisciplinary but interdisciplinary in educational
practice [4]. This highlights the importance of science, technology, engineering, and mathematics (STEM),
which is a form of education that focuses on the integration of various disciplines for solving real-world
problems [5], [6].

STEM education is used to combine STEM disciplines into one class, unit, or learning experience
that is based on the relationship between learning and real-world problems for long-term academic success
[7]1, [8]. Teachers play a crucial role in ensuring the success of integrated STEM in the classroom, including
biology teachers. Biology teachers need interdisciplinary knowledge across STEM disciplines that supported
the implementation of effective STEM integration [9]. For instance, the environment has a significant
physiological effect on the growth of plants, which is an essential topic in biology because it can affect food
production. To address these problems, an interdisciplinary approach is needed to find an effective way.
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The development of biology teachers who can incorporate STEM can start with the development of
preservice teachers (PSTs) during their studies in teacher education program [10]. It will be challenging for
PSTs who have never been exposed to STEM activities to implement STEM in their classrooms [11].
Therefore, PSTs must engage in STEM-integrated learning to gain a better understanding of STEM [12].
However, STEM-integrated learning is a complex process that emphasizes certain skills for success. The
complexity of STEM-integrated learning requires PSTs to comprehend the process of knowledge acquisition
by exchanging ideas, perspectives, knowledge, and experiences to solve problems involving social and
cognitive aspects [13]. Considering the integrated nature of STEM, problem solving needs to be done
collaboratively because trying to solve it alone may be less effective than doing it as a team. In this case,
collaborative problem solving (CPS) is considered an effective skill for success in STEM-integrated learning.
CPS skills can facilitate the acquisition of knowledge due to their benefits in fostering the understanding of
knowledge through scientific investigation for solving practical problems [14].

The CPS refers to the skills of PSTs to collaborate with others to solve problems in a variety of
situations [15]. Each PSTs contributes to the execution of a complex task as a team by dividing
responsibilities and labor, taking action to achieve the team goal, and navigating task requirements [16]. CPS
involves two aspects: social aspects associated with the collaboration process, and cognitive aspects
associated with the problem-solving process [17]. The social aspect of CPS emphasizes managing the
interaction and contributions of each PSTs, while the cognitive aspect emphasizes effort in task regulation
and problem-solving skill application [18]. Furthermore, PSTs who are skilled in CPS will be more capable
of solving problems in this digital age, which are very diverse and give rise to new challenges.

There are a variety of methods for evaluating CPS skills. Previous studies showed that CPS can be
assessed through self-assessment that reflected PSTs’ perceived knowledge of CPS skills [13]. Since the
self-assessment is typically prone to memory distortions, another important aspect of CPS assessment is the
creation of situations in which collaboration is essential for task completion, such as situations that require
interdependence between PSTs in support of both exchanging information and team organization [16]. One
of the most effective ways to assess CPS is through projects, because projects provide a realistic and practical
context for teams to work together, apply their problem-solving skills, and achieve a specific goal [19]. Thus,
to assess PSTs’ CPS skills, learning to integrate projects is required. Furthermore, the previous study showed
that interdisciplinary STEM projects increase collaboration and problem-solving skills [20].

However, learning experiences with integrated STEM that enhance PSTs' CPS skills remain lacking.
Review of the previous studies revealed that most studies only focused separately on using various
approaches that promoted problem solving and teamwork skills, while still lacking enhancement of the
combination of both skills [21]. The task still focuses on subject-specifics, while authentic tasks with an
interdisciplinary approach can better recognize connections between STEM disciplines to solve real-world
problems and encourage collaboration with others to establish links between STEM disciplines [22], [23].
The other studies also revealed that PSTs who still receive conventional instruction without technological
support do not significantly improve their CPS skills [24].

PSTs have to engage directly in STEM-integrated learning that enables them to solve problems
collaboratively by applying knowledge of science and mathematics supported by technology and engineering
design [25]. This can be accomplished by actively involving PSTs in problem-solving and collaboration
through projects that integrate STEM [26]. One of the learning models that uses projects to organize learning
around complex tasks to answer inquiry questions, generate peer collaboration, and develop solutions to a
problem is project-based learning (PjBL) [27]. Through PjBL, STEM concepts can be incorporated into the
development of long-term learning. Thus, this study provides instruction through PjBL with STEM projects,
which researchers call STEM PjBL. Since the project was created STEM PjBL is defined as student-centered
instruction with a well-defined outcome but an ill-defined task. This learning requires PSTs to identify and
define a problem as they investigate the project topic as part of an interdisciplinary activity [28]. This
innovative instructional practice can construct PSTs’ understanding based on challenging interdisciplinary
tasks and requires them to develop a plan to investigate, design, and create a product [29]. This learning
encourages PSTs to identify problems and determine solutions in collaboration with their peers [30]. The
implementation of this learning can assist PSTs in solving complex problems and constructing their own
knowledge through a deep comprehension of STEM disciplines [31]. Previous studies also suggest that
STEM PjBI has been proposed as an effective learning model for integrating STEM [32].

The STEM project is usually complex and difficult, so teaching collaboration with teachers from
STEM disciplines is required [33]. Collaborative teaching has been recognized as an educational reform
approach to solving complex problems in an interdisciplinary way. This collaboration consists of the
interaction of teachers from various disciplines to achieve learning goals more effectively than when a
teacher acts alone [34]. PSTs are actively involved in observing, practicing, and developing knowledge and
cognition through social interaction, which can facilitate knowledge construction [35]. Thus, collaborative
teaching can foster robust support systems across STEM disciplines and promote conceptual depth.
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In this study, the STEM project related to plant growth in the plant physiology course is projected.
PSTs were exposed to plant growth problems that were influenced by growing media, nutrition, pH, and
environmental factors. This concept has been widely recommended for STEM integrated learning in higher
education due to the potential for long-term engagement with practical scientific tasks with mathematical
processing, technology, and engineering demands [36]. PSTs were asked to solve plant growth problems by
developing hydroponic systems supported by mist cooling systems to maintain stable temperatures in the
greenhouse setting. In this regard, a hydroponic practitioner and an engineering lecturer were involved to
facilitate PSTs in completing the project in STEM PjBL.

This study bridges the gap between a limited number of STEM practices and the demands of
developing PSTs who can integrate STEM in the 21st century through the lens of CPS. It is crucial to engage
PSTs in integrated STEM learning to promote their CPS skills for better knowledge acquisition. In this study,
the hydroponics and mist cooling systems are used as a complex designed project in STEM PjBL. We
evaluated their perceived knowledge of CPS skills before and after the STEM PjBL intervention. In addition,
since the projects were created based on the results of PSTs’ collaborative problem-solving in each group, an
evaluation of the projects was required to determine how well they utilized their CPS skills when creating
real-world artifacts. Furthermore, this study contributes to the body of knowledge on STEM integration in
teacher education programs by providing PSTs with the skills to work with STEM integration and enhancing
their STEM knowledge. Thus, based on the explanations, the purpose of this study was to enhance PSTs’
CPS skills through STEM PjBL.

2. RESEACRH METHOD
2.1. Research design

This study used a quasi-experimental method to investigate the effect of STEM PjBL on PSTs’ CPS
skills. The pretest-posttest non-equivalent control group design was employed in this study. The independent
variable of this study was the learning model, which involved two groups: STEM PjBL as a treatment group
and PjBL as a control group. The dependent variable was collaborative problem-solving. In addition, there
are confounding variables that have the potential to influence the dependent variable. Confounding variables
in this study are prior problem-solving skills and group dynamics. To minimize these confounding variables,
participants were randomly assigned to different groups (treatment and control groups). This will help to
ensure that any differences in problem-solving skills are distributed evenly across the group and reduce the
impact of this confounding variable. This will also help to distribute potential group dynamic effects evenly
across the group, making it less likely that one group is significantly advantaged or disadvantaged in terms of
collaboration.

2.2. Participants

The population consisted of 105 PSTs who attended a plant physiology course during the 2021-2022
academic year in the teacher education programmed at Biology Education, Faculty of Teaching and
Education, Siliwangi University, Tasikmalaya, West Java, Indonesia. Prior to participant selection, an
analysis of variance (ANOVA) test was performed to compare the academic level of the PST based on the
grade point average (GPA). The results indicated no difference in the participants’ GPA, with significant
values of 0.282 (>0.05). To determine the number of participants, the Slovin formula with a 10% tolerable
error was used. Slovin’s formula is a mathematical system used to calculate the number of specific objects
with undetermined characteristics. Slovin’s calculations indicated that the minimum number of participants
should be 52, but we randomly selected up to 72 participants, which were divided into two groups: 36 PSTs
in the STEM PjBL group and 36 PSTs in the PjBL group. A total of 66 females and 6 males with ages
between 20 and 22 participated in this study. For reliable statistical inference, a sample size of at least 30 per
group is often recommended [37]. Therefore, the sample size requirements for this study were already met.

2.3. Research procedure

This study was carried out for eight weeks in a plant physiology course for both STEM PjBL and
PjBL groups. Before the study, informed consent was given to all participants. We described the learning
process that will be implemented. We also conducted a pretest to obtain prior data on the CPS abilities of
both groups, while a posttest was conducted to obtain data on CPS abilities after intervention. During the
implementation process, the stage of PjBL was adopted in both groups but with different projects. In the
STEM PjBL group, the project was explicitly related to STEM project, while in the PjBL group, it was not.

In the STEM PjBL group, PSTs were divided into six teams consisting of six members. Three teams
working on the hydroponic design project were assisted by a horticulture practitioner, and three other teams
working on the mist cooling systems project were assisted by an engineering lecturer. These projects were
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conducted in a greenhouse environment located near Siliwangi University. PSTs were given worksheets as
instructions for completing project tasks. For details, the teaching stages for the implementation of STEM
PjBL can be seen in Table 1. Even though the PSTs project started out differently, they were all able to see
how well the hydroponic system supported by a mist cooling system worked during the test and evaluation
stages. Thus, in the communicating and refining stages, each team explained the results and how those
projects affected the plant's growth.

In the PjBL group, PSTs were also divided into six teams consisting of six members. The teaching
stages of implementation, PSTs’ activities, and learning settings are detailed in Table 1. In the PjBL group,
PSTs were not engaged in STEM projects or any teaching collaboration. Only a plant physiology lecturer
assisted the learning process. Each team was given a project related to plant growth. They investigated the
factors that influence plant growth and designed a project to observe these factors. They collaborated with
other team members to complete the project assignment, using the worksheet as guidance. These projects
were carried out outside the greenhouse setting.

Table 1. The teaching stage of STEM PjBL and PjBL implementation

PSTs’ activity Teaching collaboration . .
Week Stage STEM PjBL PiBL STEM PjBL PiBL Learning setting
1 Identifying the - Collaborate with peers. — Collaborate with - Plant Plant - Synchronous: virtual
problem - Identify the problem. peers. physiology physiology meeting to explain
- Identify the - Identify the lecturer lecturer and discuss the
requirements and problem. — Engineering learning project.
constraints. - Identify the lecturer - Asynchronous: team
- Exploring and requirementsand - Horticulture discussion to identify
gathering information.  constraints. practitioner problems,
— Generate ideas. — Exploring and requirements, and
— Discuss strategiesand ~ gathering constraints, gather
develop plan projects. information. !nformatlon, generate
- Generate ideas. ideas, and develop
— Discuss strategies plans for projects.
and develop a plan
project.

2-3  Designingand - Create the design - Create design - Plant Plant - Synchronous: virtual
constructing project of a hydroponic  project related to physiology physiology meeting to
project and mist cooling plant growth. (e.g.,  lecturer lecturer communicate and

system to effectively effect of essential — Engineering discuss the planned
support plant growth. nutrients on plant lecturer project.
- Interpret the design. growth). - Horticulture - Asynchronous: team
— Build the design. — Interpret the design.  practitioner conducted the design
— Build the design. and construction of
the project.

4-7  Testing and - Experiment of plant - Conducting - Plant Plant - Synchronous: virtual
evaluating growth using experiments related  physiology physiology meeting for progress
project. hydroponics supported  to plant growth for  lecturer lecturer reports.

by a mist cooling 4 weeks. - Engineering - Asynchronous:
system to keep the - Check the lecturer research project, team
temperature stable in constraints. - Horticulture discussion for testing
the greenhouse for four — Evaluate the project ~ practitioner and evaluating the
weeks. project.
— Check the constraints.
- Evaluate the design
8 Communicating — Communicate the - Communicate the - Plant Plant - Synchronous: virtual
and refining results. results. physiology physiology meeting to
project - Review the first - Review the first lecturer lecturer communicate and
project. project. - Engineering discuss the results.
- Refine the project. - Refine the project. lecturer - Asynchronous: team
- Make suggestion for  — Make suggestion - Horticulture discussion for
future project. for future project. practitioner refining project and

make suggestion for
future project.

2.4. Research instrument
2.4.1. Self-assessment

Self-assessment of CPS was collected using a questionnaire to assess the PSTs perceived knowledge
of CPS skills before and after intervention. The questionnaire was developed according to CPS components
by Chen et al. [13]. A four-point Likert scale ranging from “strongly disagree” to “strongly agree” was used.
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The CPS questionnaire contains 22 items divided into two aspects: social and cognitive skills. Social skills
consist of four items of participation, five items of perspective taking, and four items of social regulation.
Cognitive skills consist of five items of task regulation and four items of knowledge building. These
components could represent how the PSTs perceived the collaborative activities and their cognitive processes
when completing STEM project tasks. Two experts were involved to evaluate the construct and content
validity. The expert in assessment evaluated the construct validity, while the expert in biology evaluated the
content validity. The field test for empirical validity and reliability of the instrument was also conducted with
different participants who had taken a plant physiology course. By calculating the Pearson’s correlation
coefficient, all items are strongly valid, with validity values ranging from 0.372 to 0.654. The reliability test
using Cronbach’s a value of the CPS questionnaire was 0.886, which indicated that the instrument was
reliable.

2.4.2. Project

The projects that were created by PSTs while they participated in learning reflected their CPS skills.
The scores of the projects were calculated based on the rubric's indicators, and each group member received
the same scores. The rubric was developed using the following steps. First, we consulted and discussed with
assessment and biology experts to determine CPS indicators that could be evaluated through the project.
Second, we developed a rubric based on predetermined indicators. Third, experts in assessment and biology
evaluated the rubric for construct and content validity. Fourth, the reliability of the rubric was tested using
inter-rater reliability. Two raters evaluate projects carried out in one sample classroom by PSTs who have
taken a plant physiology course. It was found that there was a significant correlation between the scores of
the two raters (r=0.897, p<0.05). It was concluded that the form was acceptable.

The final form of the rubric consisted of 15 items, divided into two aspects: the team's
problem-solving skills and integrated STEM skills. The team's problem-solving skills were examined to
evaluate PSTs' teamwork in solving problems to attain project goals, while integrated STEM project skills
were examined to evaluate PSTs' teamwork in solving problems that integrate the interdisciplinary
perspective in the project. The team’s problem-solving skills consist of ten items, including identification of
the problem, objective of the project, design methodology, planning of the project, team structure,
incorporation of suggestions, project presentation, description of key concepts, conclusion and future project
suggestions, and technology for collaboration. The integrated STEM project consists of five items, including
interdisciplinary thinking, scientific knowledge, technological application, engineering design, and
mathematical processing.

2.5. Data analysis

Quantitative analysis was conducted for the data analysis. To calculate means and standard
deviations, descriptive statistics were conducted first. The scores of the self-assessment CPS were analyzed
for normality and homogeneity. The Shapiro-Wilk test was used to determine the normality scores of the
pretest and posttest. The results of pretest scores showed that the STEM PjBL group had a p value of 0.20
(>0.05) and the PjBL group had a p value of 0.56 (>0.05), indicating that pretest from both groups were
normally distributed. The results of posttest scores showed that the STEM PjBL group had a p value of 0.60
(>0.05) and the PjBL group had a p value of 0.27 (>0.05), indicating that posttest from both groups were
normally distributed. Levene’s test was used to determine homogeneity, and the result showed a p value of
0.63 (>0.05), indicating both groups' homogeneity. Then, to determine significant differences between STEM
PjBL and PjBL groups, analysis of covariance (ANCOVA) was used.

The scores of the projects were also analyzed for normality. First, we conducted a Shapiro-Wilk test
for the normality of the team’s problem-solving skills, and the result showed that the STEM PjBL group had
a p value of 0.03 (<0.05) and the PjBL group had a p value of 0.03 (<0.05), indicating that both groups were
not normally distributed. Since we had non-normal distributions of data, we adopted the nonparametric
Mann-Whitney U test to determine significant differences in the team’s problem-solving skills between
STEM PjBL and PjBL groups. Second, we conducted the Shapiro-Wilk test for normality of integrated
STEM skills, and the result showed that the STEM PjBL group had a p value of 0.01 (<0.05) and the PjBL
group had a p value of 0.04 (<0.05), indicating that both groups were not normally distributed. Then, to
determine significant differences in integrated STEM skills between STEM PjBL and PjBL groups, we also
used the Mann-Whitney U test.
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3. RESULTS
3.1. Finding of PSTs self-assessment of CPS

Table 2 shows the results of the descriptive analysis and the ANCOVA test of the PSTs’
self-assessment of CPS. The ANCOVA test for all components showed significant differences between STEM
PjBL and PjBL groups, with F (1, 69)=9.96, p<0.05. For more details, the ANCOVA test for each component
of the CPS showed that there was no significant difference only in two components: participation, with p=0.52
(>0.05), and perspective taking, with p=0.62 (>0.05), while other components were significantly different with
p<0.05. From Table 2, it can also be seen that PSTs's posttest scores for those who participated in STEM PjBL
were generally higher than PjBL, which indicated that STEM PjBL better enhanced PSTs' CPS than PjBL.

Table 2. The descriptive and ANCOVA test of PSTs’s self-assessment of CPS

STEM PjBL PjBL
Component Pretest Posttest Pretest Posttest ANCOVA test
M SD M SD M SD M SD

Social skills
Participation 276 045 330 040 273 066 323 049 0.52
Perspective taking 261 049 324 039 261 051 319 054 0.62
Social regulation 277 048 330 055 253 051 292 0.60 0.03*

Cognitive skills

Task regulation 256 051 320 044 280 053 297 055 0.00*
Knowledge building 222 044 323 054 272 061 299 057 0.00*
All components 259 033 327 025 262 037 3.08 0.36 0.00*

M=means, SD=standard deviation, *p<0.05

These results showed that the PSTs who participated in the STEM PjBL had significant
self-assessments of perceived CPS skills, particularly in social regulation, task regulation, and knowledge
building. They had a better understanding of social regulation, which required team members to bring diverse
knowledge, resources, and problem-solving experience for solving problems. This ability is useful for
interacting with differing perspectives and opinions. They understood how to regulate their own learning for
task completion, such as problem analysis, determining the goals, use resource management, use appropriate
ways to collect data, and use an efficient approach to problem-solving. They know how to expand their own
knowledge through the acquisition of new content, strategies, and skills, as well as how to deal with setbacks
and coordinate, collaborate, and negotiate with others. There was no significant difference in terms of
participation and perspective taking, indicating that both STEM PjBL and PjBL emphasize PSTs' active
participation in the learning process and responsiveness to situations from another person's perspective.

3.2. Finding of PSTs project

First, the results of the Mann-Whitney U test for team’s problem-solving skills reveal there was no
significant difference between STEM PBL and PjBL groups, with p=0.22 (>0.05). The scores for each
component of the team’s problem-solving skills from both groups can be seen in Figure 1. Second, the result
of the Mann-Whitney U test for STEM project evaluation for all components showed that there was a
significant difference between the STEM PjBL and PjBL groups, with p=0.01 (<0.05). For details,
a Mann-Whitney U test was also conducted for each component, and the results showed that there was no
significant difference only in mathematical processing, with p=0.52 (>0.05), while the other components
were significantly different, with p<0.05. Table 3 also shows that the mean scores of STEM project
evaluation from the STEM PjBL group were higher than the PjBL group, which indicated that PSTs who
participated in STEM PjBL were better at making connections with other disciplines for solving problems,
particularly in integrating STEM disciplines.

The results in Figure 1 showed that both STEM PjBL and PjBL groups emphasize collaboration in
solving problems to attain project goals. During the process of preparation, PSTs can collaboratively identify
the problem, determine the objective of the project, select the appropriate method, create a plan, develop
team structure, and incorporate suggestions from others. They can present the results of the project, describe
the key concepts, draw a conclusion, and make suggestions for a better result. Both groups can utilize
technology for effective collaboration.

The results in Table 3 showed that PSTs who participated in STEM PjBL had a better understanding
of how to integrate STEM into projects. They can integrate other disciplines into the completion of the
project by investigating the science aspect of the project, using technology to support the effective
completion of projects, and designing a project using the engineering design concept. But, in terms of
mathematical processing, both STEM PjBL and PjBL groups showed understanding of the problem's
mathematical concepts and principles.

Enhancing preservice teachers’ collaborative problem solving through STEM ... (Rita Fitriani)
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Figure 1. The mean scores of teams problem-solving skills STEM PjBL and PjBL groups

Table 3. The descriptive and Mann-Whitney U test of integrated STEM skills
STEM PjBL PjBL Mann-Whitney U test

Component M SD M sD D
Interdisciplinary thinking  2.83 041 1.00 0.00 0.00*
Scientific knowledge 283 041 183 041 0.01*
Technological application 2.83 041 2.00 0.00 0.00*
Engineering design 267 052 200 0.00 0.02*
Mathematical processing  2.83 041 267 0.2 0.52
All components 280 040 190 0.15 0.00*

M=means, SD=standard deviation, *p<0.05

4. DISCUSSION

According to the findings, STEM PjBL has a greater effect on enhancing PSTs” CPS than PjBL. The
learning process in STEM PjBL provided opportunities for PSTs to engage in an ill-structured
problem-solving process collaboratively with interdisciplinary approaches. PSTs were focused on resolving
complex, real-world problems that required solutions from diverse disciplines. PSTs collaborated in small
groups to investigate, search for solutions, discuss the solutions, find the best solutions, develop a plan,
design, observe, collect data, discuss the results, communicate, and make suggestions for better solutions.
Even though both groups have the same learning stages, the interdisciplinary approach facilitated by experts
in STEM PjBL eliminates STEM content fragmentation and encourages the development of original
problem-solvers who can apply knowledge from multiple disciplines. During this CPS process, PSTs actively
engaged in meaningful learning as well as gained knowledge of CPS skills better than the PjBL group.

These findings are in line with previous research that indicated completing an interdisciplinary
project with team members in STEM PjBL increases opportunities for collaboration and enhances
problem-solving engagement [38], [39]. Previous research also concluded that interdisciplinary STEM
facilitates the development of learners' problem-solving [40] and collaboration skills [41], [42]. The
challenging task of solving problems through STEM projects encourages PSTs to communicate, discuss,
share responsibility, and attempt to solve them collaboratively rather than individually [21]. Each
collaborative team works towards the same goal, so each member should not attempt to tackle the problem on
their own [43]. During the process of discussing the interdisciplinary project, there may be conflicting
information between members, which requires the sharing and resolution of information to determine which
information best addresses the problem. This dynamic situation can facilitate the development of
collaboration skills because they can only solve the problem by working together [44].

In terms of specific findings in comparing each component of CPS, we did not detect any
differences in the components of participation and perspective-taking. Both STEM PjBL and PjBL groups
used the PjBL stages, which has been defined by numerous studies as learning that actively involves learners
in the creation and completion of projects [45]. This PSTs' active engagement through hands-on experiences
led to their active participation during the learning process [46]. Working in a collaborative environment also
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encourages the development of perspective-taking in order to comprehend and value the perspectives and
contributions of others, since each member must integrate their contributions to solve problems [47].

On the contrary, in terms of social regulation, task regulation, and knowledge building, STEM PjBL
was better than the PjBL group. In STEM PjBL, PSTs were required to not only collaborate with teachers
from the science discipline but also collaborate and communicate with teachers or experts from other
disciplines to discuss the requirements and constraints related to the projects. This is why the STEM PjBL
group with more diversity has better social regulation [16]. This finding also correlates with the findings of
Vogler et al. [30], which cast light on the significance of interdisciplinary collaboration among teachers in
PjBL to encourage PSTs to collaborate across disciplines. The complexity of STEM-integrated projects
required PSTs to overcome numerous obstacles, as the optimal solution step is not always easily recognized.
Consequently, they must analyses the best task regulation for problem solution, manage, obtain, and utilize
resources, establish clear goals, identify, and collect information to solve a problem, and pursue a variety of
problem solutions [48]. These processes, supported by the exchange of ideas with members and teachers,
contributed to PSTs' knowledge construction. PSTs constructed their own knowledge with a deep
understanding of the disciplines in STEM PjBL [49]. The interdisciplinary approach in STEM PjBL also
provides opportunities to resolve and clarify misconceptions about the role of science in STEM education for
better knowledge acquisition [50].

Interestingly, differences in PSTs' perceived CPS skills are not always reflected in different project
results. The findings of this study showed that there was no significant difference in the team’s
problem-solving skills during project completion. Since the projects were a representation of the PSTs
collaboration in solving problems using real artifacts, both STEM PjBL and PjBL groups produced projects
that meet the general criteria for a successful project evaluation. The stages of PjBL used by the two groups
encourage PSTs to conduct scientific inquiry throughout the project's completion [51]. Participation in the
in-depth problem-solving process stimulates progressive inquiry thinking via problem-solving experience.
This process involved planning, searching, coordinating, selecting, and designing a viable solution to the
problem, which led to the successful projects [52]. Engaging PSTs with hands-on activities that involve the
inquiry process is one of the key successes of project teams, including successful utilization of digital tools,
such as Google Docs, Google Drive, video conferencing, and digital discussion forums to facilitate
problem-solving collaboration [53].

However, when it comes to evaluating integrated STEM skKills, the results showed a statistically
significant difference between STEM PjBL and PjBL groups. PSTs who participated in STEM PjBL in
completing STEM-focused projects are better able to integrate multiple STEM disciplines into their project
completion than those who are still primarily using a science-focused approach to completing projects. This
finding is consistent with the previous study, which found that a real-world problem-solving process that
emphasizes the link between the four STEM disciplines is one of the successful factors in STEM integration
[13], [54]. Integrated STEM projects supported PSTs' engagement in STEM by planning projects
incorporating STEM disciplines [55]. STEM projects involving cognitive processes facilitate the acquisition
of interdisciplinary solutions and interdisciplinary modeling for the development of STEM concepts [56].
However, in our specific analysis, we did not detect any differences in the mathematical processing
component. Both groups showed complete understanding of the problem's mathematical concepts in
collecting, analyzing, and presenting their data due to their experiences using mathematical concepts in
conducting experiments.

Although PjBL has been identified as an effective pedagogy for teachers to facilitate PSTs’
acquisition of interdisciplinary knowledge through projects [27], the important finding in this study suggested
that if the teachers did not properly direct PSTs to solve problems using an interdisciplinary approach, PSTs
would still be lacking in making connections with other disciplines. This finding highlights the importance of
the project that led to STEM integration. The process of creating STEM projects requires PSTs to work
together to find solutions to authentic problems and acquire knowledge of integration during the process [57].
Despite the fact that PjBL provides PSTs opportunities for real-world challenges and concerns with
connections to interdisciplinary integration, offering STEM projects is the most effective way to implement
these interdisciplinary integrations [27], [58].

Findings of this study further explain how the differences in CPS self-assessment scores are
reflected in the different results of integrated STEM skills. This also further shows that enhancing CPS
through STEM PjBL is better than PjBL. This study highlights the importance of STEM projects as
interdisciplinary activities that should be solved collaboratively in a PjBL environment not only for better
CPS skills but also for deeper comprehension of STEM integration. The inability to integrate STEM
disciplines into PSTs' projects, as shown by the PjBL group, will affect their understanding of how to
integrate STEM when solving problems. STEM PjBL enables PSTs to investigate and apply theories and
knowledge to enhance their CPS skills, as well as integrate the comprehension and implementation of
complex STEM disciplines for project completion [13], [21]. This study implied that teacher education
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programs should incorporate learning models that provide PSTs with interdisciplinary project experience for
CPS development, such as STEM PjBL.

5. CONCLUSION

This study showed that STEM PjBL can enhance PSTs’ CPS skills better than PjBL. According to
the results, there were three important findings from this study. First, based on the results of self-assessment,
PSTs who were taught using STEM PjBL have better CPS skills than the PjBL group, particularly in social
regulation, task regulation, and knowledge building. Second, based on the results of the team’s
problem-solving skills, which reflect the CPS from each group, both STEM PjBL and PjBL groups meet the
requirements for a successful project evaluation. However, in terms of integrated STEM skills, both groups
show significant differences, particularly in interdisciplinary thinking, scientific knowledge, technological
application, and engineering design. Third, this study emphasizes the use of STEM-integrated projects in
PjBL settings as the key to engaging learners to collaborate in solving interdisciplinary problems as well as
providing knowledge of STEM integration in learning.

Despite the significance of the results, this study also has some limitations related to a small sample
size. In order to more generalize the results, similar studies in different contexts should be conducted with
larger sample sizes. Future research should combine the self-assessment of CPS behavior observation sheet
to evaluate CPS skills during the project completion process.
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