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Abstract. This study aims to investigate the effects of Project-Based Learning
(PjBL) on students’ analytical thinking and collaboration skills in chemistry
education, specifically focusing on electrolyte and non-electrolyte solutions. A
quasi-experimental approach was used, employing a posttest-only design to
assess the effectiveness of the intervention. The study involved 118 senior high
school students, with an experimental group taught through Project-Based
Learning (PjBL) and a control group taught using a scientific approach. Students’
analytical thinking was assessed using the Electrolyte and Non-Electrolyte
Solutions Analytical Thinking Test (ENSAT), while collaboration skills were
evaluated with a modified Collaboration Self-Assessment Tool Rubric (CAST).
Data on analytical thinking were analyzed using descriptive statistics and
MANOVA, while data on collaboration skills were examined through percentage
scores and MANOVA. The findings demonstrated that the experimental group
exhibited markedly stronger analytical thinking than the control group across all
assessed dimensions, namely differentiating, organizing, and attributing. The
results of the MANOV A indicated a statistically significant multivariate effect of
Project-Based Learning (PjBL) on the combined dependent variables. Further
univariate analysis revealed that PjBL significantly improved students' analytical
thinking but had no noticeable effect on their collaboration skills. These findings
suggest that while PjBL is effective in enhancing analytical thinking in chemistry
education, its impact on collaboration skills is limited.
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chemistry learning, electrolyte and non-electrolyte solutions.
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1 Introduction

Currently, education systems in developing countries are increasingly expected to pro-
vide students with the knowledge and skills needed for the demands of the twenty-first
century [1]. The future world will increasingly depend on specialized knowledge and
advanced cognitive skills as essential foundations for navigating complex social, sci-
entific, and professional demands [2]. Education in the 21st century requires a learning
process that emphasizes not just mastering content but also developing higher-order
thinking and collaboration skills. Higher-order thinking skills include the abilities to
analyze, evaluate, and create [3]. Recent literature reviews confirm that analytical
thinking plays a crucial role in problem-solving, independent learning, and strengthen-
ing students' critical thinking skills. These skills highlight students' ability to apply their
knowledge in meaningful ways within authentic, real-world contexts [4]. Human capi-
tal can be better positioned to adapt to rapid technological changes and leverage ac-
quired knowledge to develop innovative technological advancements that are contex-
tually relevant [S]. Analytical thinking is an important aspect of higher-order thinking
skills [6]. Analytical thinking abilities are indispensable for students, as they enable
them to distinguish among diverse components, organize relevant information, and dis-
cern the relationships that connect one element to another[7]. Analytical thinking abil-
ities include differentiating, organizing, and attributing [2], [7]. At the same time, col-
laboration skills are a core competency because modern learning and the workplace
demand that students communicate, share responsibilities, and complete tasks collabo-
ratively [8].

However, classroom instruction is still frequently dominated by teacher-centered prac-
tices, which limit students’ opportunities to analyze problems in depth and engage in
meaningful collaboration. Moreover, learning environments that place excessive em-
phasis on memorization and single correct answers tend to reduce students’ involve-
ment in inquiry, discussion, and decision-making. A PISA 2022 reported that Indone-
sia’s science score (383) was below the OECD average (485), and only around 34% of
students reached at least Level 2, which refers to the ability to identify appropriate ex-
planations for familiar scientific phenomena and evaluate simple conclusions based on
data [9]. The main cause of these results is students' weak analytical thinking. Support-
ing research findings indicate that students who lack analytical thinking tend to have
low academic success [10], [11], and experience uncertainty when confronted with the
challenges of complex thinking in the 21% century [10]. However, a meta-analysis en-
compassing 66 empirical studies showed that Project-Based Learning (PjBL) is signif-
icantly more effective than conventional instruction in enhancing a wide range of edu-
cational outcomes, including thinking skills, affective dispositions, and student engage-
ment. The study also confirmed that PjBL has a moderate positive impact on thinking
skills and is strongly associated with problem-oriented activities, cooperative learning,
and authentic tasks [11].

In the contemporary Indonesian curriculum, a constructivist orientation is strongly ad-
vocated to foster meaningful learning experiences. Among the instructional models
grounded in this perspective, Project-Based Learning (PjBL) occupies a prominent po-
sition. As a constructivist pedagogical approach, PJBL enables students to develop a
deeper and more enduring understanding of the subject matter through active explora-
tion, construction, and application of ideas within authentic learning contexts [12]. Ad-
ditionally, project-based learning is a student-centered teaching model that uses pro-
jects to facilitate learning [13]. Accordingly, students are able to attain the intended
learning objectives through project-based activities, both independently and through
interactive group discussions, as they actively construct and consolidate their own
knowledge [14], [15]. In Project-Based Learning (PjBL), students actively engage in
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various learning activities that encourage creative thinking and meaningful participa-
tion in the learning process [16], participate in academic communication activities that
promote cognitive and metacognitive skills while also boosting students' motiva-
tion.[18]. Successful projects are characterized by student engagement and a positive
atmosphere [19]. Additionally, teaching project-based learning will be effective if
teachers have a thorough understanding of both project-based learning and their subject
matter. If teachers’ knowledge of project-based learning is restricted to theory, they will
struggle to apply it [20]. Although the Indonesian government has recommended pro-
ject-based learning for chemistry instruction, its implementation in schools remains un-
even. In practice, not all chemistry teachers possess a sufficient understanding of Pro-
ject-Based Learning, particularly regarding its procedural stages and defining charac-
teristics. Chemistry teaching often follows a traditional pattern where teachers first ex-
plain concepts and then conduct experiments using the available tools and materials in
the school laboratory. Nevertheless, students tend to value Project-Based Learning
more positively than conventional teaching approaches for several reasons, including
its strong connection to scientific practices and real-world contexts, the open-ended
nature of the problems explored, active engagement in investigative tasks, and the more
meaningful, contextualized learning experiences it provides [21]. Consequently, imple-
menting PjBL in the classroom presents a promising pedagogical approach to overcom-
ing the previously mentioned challenges in chemistry education.

2 Research Method

2.1  Research Design

This study used a quasi-experimental design with a posttest-only approach to examine
the impact of the independent variable on the dependent variable [22]. The experi-
mental group was instructed using Project-Based Learning, while the control group re-
ceived instruction based on the scientific approach outlined in the Indonesian national
curriculum. Students’ analytical thinking and collaboration skills were assessed after
completing the instructional intervention.

2.2 Research Sample and Sampling Procedures

The sample was drawn using stratified random sampling from a population of students
enrolled in 18 secondary schools across Yogyakarta Province, which were categorized
as high-, middle-, or low-performing based on the 2018 national examination results.
Schools in the high and middle categories were included because the study used a
higher-order thinking skills test. From these categories, one high-category school and
one middle-category school were randomly selected. An initial homogeneity analysis
of Grade X students’ prior knowledge, conducted using ANOVA, showed no signifi-
cant differences between students in the two schools. Accordingly, a second-stage clus-
ter random sampling technique was employed, two experimental groups and two con-
trol groups obtained. The final sample comprised 118 students, including 77 females
and 41 males, of whom 62 were assigned to the experimental group and 56 to the con-
trol group.

2.3 Teaching Interventions

The intervention was conducted over five instructional sessions, each lasting 90
minutes. The experimental group received instruction through Project-Based Learning,
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while the control group was taught using a traditional scientific approach. In the exper-
imental class, students collaborated in small groups of four to five members and en-
gaged in learning activities organized according to the stages of Project-Based Learn-
ing. Following the framework proposed by the Lucas Foundation, the instructional pro-
cess began with an essential question, followed by project planning, scheduling, moni-
toring student progress, and evaluating the outcomes.
The instructional sessions focused on four main topics: the theory of electrolyte and
non-electrolyte solutions, electrical conductivity, compound dissociation reactions, and
the practical applications of electrolyte solutions in everyday life. To enhance under-
standing, classroom activities were designed around real-life phenomena, such as
power outages during floods, electric shock fishing, the role of electrolytes in the hu-
man body, and car batteries. These phenomena were incorporated into student work-
sheets that included guiding questions aimed at stimulating higher-order thinking.
These questions served as a starting point for students to engage in a comprehensive
sequence of project-based learning activities.
The learning materials, including lesson plans and student worksheets, were specifi-
cally developed based on principles of project-based learning and were designed to re-
late to real-life situations that students are familiar with. These materials were validated
by three experts in chemistry and chemistry education. In contrast, the control group
was taught using a scientific approach that included five stages: observing, questioning,
gathering information, associating, and communicating. Table 1 outlines the differ-
ences in learning conditions between the experimental and control groups regarding
electrolyte and non-electrolyte solutions.

Table 1. Outline of the lesson plan both experimental and control groups

Experimental group Control group

Start with the essential question step. Students
began the learning process by examining the
phenomenon of flooding and relating it to the
human body. They then formulated key ques-
tions concerning the factors that cause people
to be electrocuted during floods, the sub-
stances present in water that are associated
with bodily fluids, and the ways in which
electrolyte solutions can be identified.

Design a plan for the project. Students worked
collaboratively in groups to develop a project
plan aimed at answering the proposed ques-
tions. The project involved designing and con-
structing a test apparatus for identifying elec-
trolyte and non-electrolyte solutions.

Create a schedule. Students developed a
schedule for completing their project. In this
schedule, they specified the tasks to be carried
out on each date and documented the progress
of each activity.

Observing feature. Students watched a video showing
fish being caught using electric shock and listened to the
teacher’s explanation of the phenomenon. The teacher
then posed several questions to stimulate and motivate
students’ thinking.

Asking feature. Students formulated their own questions
regarding the practice of catching fish using electric
shock in relation to the topic of electrolyte and non-elec-
trolyte solutions. They then developed hypotheses based
on these questions within their groups of four to five
members and recorded them in the student worksheet.

Collecting feature. Students in group looking for infor-
mation about electrolyte and non-electrolyte solutions,
electrolyte test equipment, and matter that will test the
electrical conductivity. Students write the tools and ma-
terial that they use to build electrolyte in students’ work-
sheet.
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Monitor the students and the progress of the  Associating feature. Students formulated explanations

project. While the project was in progress, and drew conclusions based on the results of the electri-
students communicated the challenges they cal conductivity tests conducted using the electrolyte and
encountered to the teacher and made neces- non-electrolyte testing apparatus they had developed.

sary modifications to their project. They ex-
plained the facts they observed and related
them to relevant literature, while also docu-
menting the progress of their project in the
student worksheet.

Asses the outcome. Students presented their Communicating feature. The group of students confi-
project results to the class, explaining the dif-  dently showcased their results to the entire class, demon-
ferences between strong electrolytes, weak strating their hard work and dedication.

electrolytes, and non-electrolytes based on the
experimental data they collected during the
project.

2.4 Instruments

The Electrolyte and Non-electrolyte Solution Analytical Thinking Test (E-NSAT)
is an assessment tool that has been adopted to evaluate solutions containing electrolytes
and non-electrolytes [23]. The instrument included 14 items related to electrolyte and
non-electrolyte solutions, electrical conductivity, compound dissociation reactions, and
the practical applications of electrolyte solutions in daily life. These items were devel-
oped from four daily-life contexts related to electrolytes and non-electrolytes: seawater
components (items 1-4), experimental data on everyday compounds (items 5-9), bat-
tery operation (items 10—12), and the electrical conductivity of several substances, as
well as salt regulation in the human body (items 13—14). The E-NSAT was developed
based on three analytical thinking indicators proposed by Krathwohl (2002): differen-
tiating (items 1, 3, 9-11, 13, and 14), organizing (items 4, 5, and 8), and attributing
(items 2, 6, 7, and 12). The instrument was administered to a research sample of 116
students to assess its construct validity. The empirical results indicated that all items of
the E-NSAT were valid, with a reliability coefficient of 0.71.

The Collaboration Self-Assessment Tool Rubric (CAST). This instrument [24] was
designed to assess collaborative skills by emphasizing both intrapersonal and interper-
sonal dimensions that are closely related to effective collaboration. In its adapted form,
the CAST consisted of 35 items distributed across two domains, namely intrapersonal
and interpersonal skills. The instrument evaluated 11 aspects of collaboration. The in-
terpersonal domain included five elements: contribution, group support, group dynam-
ics, interaction among group members, and role flexibility. The intrapersonal domain
covered six elements: motivation and engagement, quality of work, time management,
readiness, reflection, and team learning. Each item was developed to capture students’
self-assessment of their collaborative performance during the learning process. Before
being used for data collection, the CAST questionnaire was piloted with 240 senior
high school students. The item validity analysis showed that the Pearson product-mo-
ment correlation coefficients for all 35 items exceeded the critical value of 0.138, indi-
cating that each item was valid and appropriate for measuring students’ collaboration
skills. In addition, the reliability test yielded a Cronbach’s alpha of 0.898, indicating
high internal consistency and meeting the exceedingly common minimum criteria for



262 E. Hidayanti et al.

research instruments. Therefore, the collaboration questionnaire was considered relia-
ble and suitable for repeated use in this study [25].

2.5 Data Analysis Techniques

The analytical thinking data were analyzed descriptively by examining the mean, min-
imum, maximum, and standard deviation. In contrast, the collaboration skills data were
analyzed by calculating the percentage attainment to assess the extent of students’ col-
laborative skills. Both data sets were then analyzed using MANOVA to evaluate the
effect of Project-based Learning (PjBL) on two dependent variables: analytical thinking
abilities and collaboration skills. This study utilized a quasi-experimental posttest-only
design, comparing the posttest scores of the experimental and control groups. Before
conducting MANOVA, we examined its underlying assumptions using Box's Test of
Equality of Covariance Matrices and Levene's Test of Equality of Error Variances.
Once these assumptions were satisfied, MANOVA was performed to determine the
simultaneous effect of the treatment on both dependent variables. Additionally, to iden-
tify the effect on each variable separately, Tests of Between-Subjects Effects were con-
ducted. The effect size was interpreted using Partial Eta Squared.

3 Result and Discussion

The analysis of students' analytical thinking data utilized descriptive statistics, which
included the mean, minimum, maximum, and standard deviation, as shown in Table 1.

Table 2. Descriptive statistic of students’ analytical thinking.

Variables/Indica- Experimental Group Control Group

tor Mean Min Max S.D.* Mean Min Max S.D.*
Analytical Thinking  67.86 41.84 97.96 12343 42.24 20.41 72.45 10.084
o Differentiating 74.78 40.48 100 13.46 49.78 11.91 76.19 13.82
e Organizing 62.21 10.71 100 19.58 34.44 0 71.43 17.16
o Attributing 63.07 28.57 96.43 1541 38.46 0 78,57 17.16

*S.D: Standard Deviation

Table 1 shows that the experimental group achieved higher scores in analytical thinking
compared to the control group. This trend is evident in both overall performance and
across all measured indicators. The experimental group had an average score of 67.86
for overall analytical thinking, while the control group had an average score of 42.24.
A similar pattern was found for each indicator: differentiating (74.78 vs. 49.78), organ-
izing (62.21 vs. 34.44), and attributing (63.07 vs. 38.46). In addition, the experimental
group consistently obtained higher maximum scores on all indicators. These findings
indicate that students in the experimental group exhibited stronger analytical thinking
performance than their counterparts in the control group.

Furthermore, students’ collaboration skills were analyzed using percentage responses
across each collaboration indicator, as shown in Figure 1.
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Fig. 1. Collaboration skills between two groups (PjBL group and scientific approach group) in
every aspect.

Figure 1 presents the percentage scores of students’ collaboration skills in the experi-
mental and control groups, covering both interpersonal and intrapersonal domains. In
general, the two groups showed relatively comparable percentages across all collabo-
ration indicators. In the interpersonal domain, the experimental group showed slightly
better performance than the control group across several areas: contribution (61% vs.
60%), group dynamics (85% vs. 84%), and role flexibility (76% vs. 74%). However,
the control group had a marginally higher percentage of group support, at 72%, com-
pared to 71%. The percentage for interaction among group members was the same in
both groups (66%). In the intrapersonal domain, the experimental group obtained
slightly higher percentages in motivation/engagement (65% vs. 64%), quality of work
(65% vs. 61%), time management (74% vs. 73%), and team learning (72% vs. 71%).
Meanwhile, the control group showed a slightly higher percentage in reflection (73%
vs. 72%), whereas readiness was identical in both groups (68%). Overall, these data
indicate that students' collaboration skills in both the experimental and control groups
were quite similar, with only slight differences among the indicators.

Furthermore, the data were analyzed using MANOVA to examine the effect of Project-
Based Learning (PjBL) on students’ analytical thinking and collaboration skills. Prior
to the multivariate analysis, the MANOVA assumptions were tested. The result of
Box’s Test of Equality of Covariance Matrices showed a significance value of 0.309,
which was greater than 0.05, indicating that the covariance matrices were homogeneous
across groups. In addition, Levene’s Test of Equality of Error Variances showed sig-
nificance values of 0.995 for collaboration skills and 0.101 for analytical thinking, both
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of which were higher than 0.05. These results indicate that the assumption of homoge-
neity of variance was satisfied, and therefore, the data were appropriate for MANOVA,
as shown in Table 3 below.

Table 3. MANOVA test result.

Partial
Hypothesis Eta

Effect Value F df Error df  Sig. Squared
Intercept  Pillai's Trace 989 5004.488° 2.000 115.000 .000 989
Wilks' Lambda 011  5004.488° 2.000 115.000  .000 989
Hotelling's Trace 87.035  5004.488° 2.000 115.000  .000 989
Roy's Largest Root 87.035 5004.488° 2.000 115.000 .000 .989
Group Pillai's Trace .563 74.157° 2.000 115.000 .000 .563
Wilks' Lambda A37 74.157° 2.000 115.000  .000 .563
Hotelling's Trace 1.290 74.157° 2.000 115.000 .000 .563
Roy's Largest Root 1.290 74.157° 2.000 115.000 .000 .563

a. Design: Intercept + Group
b. Exact statistic

Table 2 demonstrates that the experimental group achieved higher descriptive scores
than the control group in overall analytical thinking, as well as across all three indica-
tors: differentiating, organizing, and attributing. Additionally, the experimental group
reached higher maximum scores in all indicators, which reflects a stronger analytical
performance following the implementation of Project-Based Learning (PjBL). These
descriptive findings are consistent with the multivariate analysis. As presented in Table
3, the MANOVA test showed a significant group effect on the combined dependent
variables, with Pillai’s Trace = 0.563, Wilks’ Lambda = 0.437, F = 74.157, and p =
0.000. The Partial Eta Squared = 0.563 indicates a large multivariate effect, meaning
that the treatment made a substantial contribution to the combined variation in students’
analytical thinking and collaboration skills. This confirms earlier evidence that PjBL
positively impacts student learning outcomes, especially in higher-order thinking and
active engagement [26]. The findings indicated that the use of project-based learning
improved students' analytical thinking in chemistry. The phases of project-based learn-
ing focus on student-centered activities, while the teacher plays a vital role in facilitat-
ing and guiding students throughout the learning process [27]. The findings show that
Project-Based Learning (PjBL) enhanced students’ analytical thinking in chemistry.
This outcome is logical as PjBL prioritizes student-centered learning, with the teacher
acting as a facilitator who continuously supports students throughout the learning pro-
cess [27]. By actively questioning, investigating, designing, and presenting, students
gain a deeper understanding of the subject matter and build knowledge through their
own ideas and experiences [28], [29]. At the beginning of the lesson, essential questions
encouraged students to connect concepts, analyze contextual problems, and seek scien-
tifically grounded explanations. Such activities trained the differentiating aspect of an-
alytical thinking, as students had to identify relevant questions, distinguish appropriate
materials, and determine suitable procedures for testing electrolyte and non-electrolyte
solutions [30], [31].

Furthermore, during the project design and implementation stages, students were chal-
lenged to select tools and materials, classify substances, and establish relationships
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among concepts, thereby strengthening their organizing and attributing skills [32], [33],
[34]. The process of arranging project schedules, developing test kits, monitoring pro-
gress, and preparing reports required students to structure information and determine
how each component functioned within the project as a whole [35]. Although many
students initially experienced confusion and repeated trial and error, these difficulties
became part of the learning process and helped them refine their understanding through
discussion, experimentation, and interaction with peers and teachers [11]. In the final
stage, students presented their project results, explained the conductivity of tested ma-
terials, and justified their answers using chemical concepts and dissociation reactions.
This presentation and discussion process further supported analytical thinking by re-
quiring students to interpret evidence, defend conclusions, and respond to questions
[36], [37]. Therefore, the significant MANOVA result for analytical thinking can be
explained by the characteristics of PjBL itself, which provide meaningful, inquiry-
based, and authentic learning experiences widely recognized as effective for developing
higher-order thinking skills [38].

A closer look at the analytical thinking indicators suggests that PjBL's strongest contri-
bution was cognitive rather than social. The higher score on the differentiating measure
indicates that students in the experimental group were better able to distinguish relevant
from irrelevant information in chemistry problems. The higher performance in organ-
izing suggests that they were more capable of arranging evidence, concepts, and rela-
tionships into coherent explanations. Likewise, the better result in attributing implies
that they were more successful in assigning meaning, identifying causes, and drawing
interpretations from chemical phenomena. In chemistry learning, especially in topics
such as electrolyte and non-electrolyte solutions, these processes are central because
students must connect observable phenomena, symbolic representations, and concep-
tual reasoning. Research in chemistry education has similarly shown that PjBL and in-
quiry-oriented chemistry instruction can strengthen critical, analytical, and scientific
reasoning by engaging students in contextual problem solving and evidence-based in-
terpretation [39].

This interpretation is also supported by Indonesian studies in science and chemistry
education. Recent national evidence shows that PjBL-based analytical chemistry mate-
rials enhance students' critical thinking and scientific literacy. Furthermore, PjBL in
chemistry and science classes has been linked to improved higher-order thinking out-
comes and stronger cognitive performance compared to conventional instruction. Sim-
ilar findings were reported among pre-service chemistry teachers, in which project-
based learning significantly improved critical thinking and self-efficacy. Since critical
thinking and analytical thinking share core processes such as identifying evidence, re-
lating concepts, and drawing justified conclusions, these studies reinforce the present
finding that PjBL is effective in promoting students’ analytical thinking [39].

In contrast, Figure 1 shows that the differences in collaboration skills between the ex-
perimental and control groups were relatively minor in both the interpersonal and in-
trapersonal domains. In the interpersonal domain, the experimental group demonstrated
only a slight advantage in contribution, achieving 61% compared to the control group's
60%, group dynamics (85% vs. 84%), and role flexibility (76% vs. 74%), while both
groups were equal in interaction among group members (66%). The control group was
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slightly higher in group support (72% vs. 71%). In the intrapersonal domain, the exper-
imental group was only marginally higher in motivation/engagement (65% vs. 64%),
quality of work (65% vs. 61%), time management (74% vs. 73%), and team learning
(72% vs. 71%), whereas the control group was slightly higher in reflection (73% vs.
72%), and both groups were the same in readiness (68%). Overall, the collaboration
profiles of the two groups were comparable.

The small descriptive gap in collaboration aligns with the statistical finding that multi-
variate significance was driven mainly by analytical thinking rather than collaboration.
This pattern is reasonable because working in groups does not automatically produce
high-quality collaboration. The literature on project-based learning has repeatedly em-
phasized that outcomes of collaboration depend on how group processes are structured,
monitored, and scaffolded. Students may complete a project together, yet still show
uneven participation, weak interaction quality, or limited shared regulation if roles, peer
feedback, and reflective evaluation are not explicitly built into instruction. Studies on
the quality of collaboration in PjBL have shown that effective collaboration is closely
tied to interaction patterns, regulation, and the design of collaborative support rather
than to group work alone [40].

Taken together, the findings show that PjBL was highly effective in improving analyt-
ical thinking, as reflected in consistently higher scores for differentiating, organizing,
and attributing, and in a significant MANOVA with a large effect size. However, its
effect on collaboration skills was limited, as shown by the relatively similar percentage
responses across interpersonal and intrapersonal indicators. This overall pattern aligns
with broader research indicating that PjBL is particularly effective at promoting deeper
understanding, inquiry, and higher-order cognition, whereas gains in collaboration are
more variable and strongly dependent on implementation quality, scaffolding, and as-
sessment design [41].

Therefore, in the context of chemistry learning, PjBL appears to be a strong pedagogical
approach for fostering analytical thinking, particularly when students are required to
interpret contextual phenomena, analyze evidence, and connect concepts to everyday
chemical situations. However, if the instructional goal also includes substantial im-
provement in collaboration skills, teachers should strengthen PjBL by incorporating
structured team roles, process-oriented feedback, peer assessment, and guided reflec-
tion on group interactions. Such additions are important because the effectiveness of
PjBL in social-skill development depends not only on the project itself but also on how
collaboration is intentionally designed and supported throughout the learning process
[42].

4 Conclusion

This study shows that Project-Based Learning (PjBL) is an effective teaching method
for enhancing students’ analytical thinking in chemistry, particularly regarding electro-
lyte and non-electrolyte solutions. Students in the experimental group attained notably
higher analytical thinking scores than their counterparts in the control group, both over-
all and across the indicators of differentiating, organizing, and attributing. The
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MANOVA results also confirmed that PjBL had a significant effect on analytical think-
ing. Although the experimental group demonstrated slightly higher percentages in var-
ious aspects of collaboration skills, the difference between the experimental and control
groups was not statistically significant. This indicates that PjBL alone was not sufficient
to produce a significant improvement in students' collaboration skills. Overall, the find-
ings suggest that PjBL is a promising instructional approach for enhancing higher-order
thinking in chemistry learning. Nevertheless, additional strategies, such as structured
group roles, peer evaluation, and guided reflection, are needed to strengthen students’
collaboration skills.
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