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Students’ low activeness, analytical thinking skills, and science learning outcomes
remain key challenges in lower secondary science learning when instruction provides
limited opportunities for investigation, collaboration, and problem solving. This study
examined the effect of the Investigation Through Cooperative Problem Solving (ITCPS)
learning model on these three outcomes. A quasi-experimental method with a pretest-
posttest nonequivalent control group design was used. The participants were 60 eighth-
grade students at a middle school in Surakarta, Indonesia, consisting of 30 in the
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experimental class and 30 in the control class. The experimental class was taught using
ITCPS, while the control class used Discovery Learning. Data were collected using an
activeness observation sheet, an analytical thinking essay test, and a multiple-choice
science learning outcomes test, then analyzed using descriptive statistics, assumption
tests, and MANOVA. Results showed significant effects on activeness, F(1, 58) =12.158,
p =.001, partial eta squared =.173; analytical thinking skills, F(1, 58) = 9.023, p =.004,
partial eta squared = .135; and science learning outcomes, F(1, 58) = 9.415, p = .003,
partial eta squared =.140. The multivariate test also showed a significant simultaneous
effect, with partial eta squared = .271. These findings indicate that ITCPS supports
students’ active participation, analytical reasoning, and conceptual achievement in
science learning.
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1. INTRODUCTION

Science learning in lower secondary education is increasingly expected to develop not only conceptual
understanding but also students’ capacity to participate actively, reason analytically, and solve problems
collaboratively. These competencies are central to contemporary education because skills related to analysing
data and information are projected to be among the most rapidly growing demands in the labour market
between 2019 and 2030 (OECD, 2023). International assessment data also indicate that many students still
struggle to apply scientific knowledge for reasoning and evidence-based decision-making. In Indonesia, only 34%
of students reached Level 2 or higher in science in PISA 2022, far below the OECD average of 76% (OECD, 2023).
This condition suggests that science classrooms need instructional models that can move students beyond
passive reception of information toward active investigation, collaborative reasoning, and analytical problem
solving.

Student activeness is a key condition for meaningful science learning because learning engagement
includes behavioral, emotional, and cognitive participation in classroom activities (Fredricks et al., 2004). Active
learning is not limited to physical involvement; it requires students to observe, question, discuss, explain, and
reflect on ideas during learning activities. A large meta-analysis in STEM education showed that active learning
improves examination performance and reduces failure rates compared with traditional lecturing (Freeman et
al., 2014). Active-learning environments can also reduce achievement gaps when students are provided with
structured opportunities to participate and process ideas collaboratively (Theobald et al., 2020). Therefore,
students’ activeness should be treated as an important learning outcome as well as a process that supports
higher-order thinking and science achievement.

Analytical thinking is particularly important in science learning because students need to identify
relationships among concepts, classify information, detect errors, draw generalizations, and specify relevant
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evidence when solving scientific problems. Analytical thinking is closely related to students’ ability to interpret
data, evaluate explanations, and use logical reasoning in unfamiliar contexts (Irwanto et al., 2017; Fitriyana et
al., 2019). Previous studies also indicate that students’ analytical thinking may remain underdeveloped when
classroom questions are dominated by lower cognitive levels and when learning activities provide limited
opportunities for inquiry and argumentation (Amiza & Aloysius, 2024; llma et al., 2017). Science instruction
therefore needs to be designed to train students to analyze phenomena rather than merely remember
definitions or procedural steps. Preliminary observations and interviews with science teachers at a middle school
in Surakarta showed that students were still not actively involved in science learning. Students tended to show
limited enthusiasm, hesitated to express opinions or ask questions, and had difficulty connecting science
concepts to daily-life phenomena. Preliminary test results also indicated low mastery of analytical thinking
indicators, including adjustment, classification, analyzing errors, generalization, and specification. The
preliminary concept mastery score was also relatively low, indicating that students’ activeness, analytical thinking
skills, and science learning outcomes were interrelated problems in the observed classroom context. Similar
findings have been reported in previous studies showing that teacher-centered instruction often limits student
participation, higher-order thinking, and learning outcomes (Sizi et al., 2021; Furgan et al., 2015; Alyusfitri et al.,
2024).

Instructional models grounded in inquiry, collaboration, and problem solving offer a promising response
to these problems. Problem-based learning encourages students to learn through facilitated problem solving,
collaborative inquiry, self-directed learning, and reflection (Hmelo-Silver, 2004). Inquiry-based science teaching
canimprove learning when students are supported with adequate guidance rather than left to discover concepts
without structure (Furtak et al.,, 2012; Lazonder & Harmsen, 2016). Guided learning is important because
minimally guided discovery may not be sufficient for students who still need conceptual and procedural support
(Mayer, 2004). Collaborative problem solving also has strong potential to promote students’ higher-order
thinking because it requires learners to negotiate ideas, justify reasoning, and construct shared solutions (Xu et
al., 2023). The Investigation Through Cooperative Problem Solving (ITCPS) learning model is relevant to this need
because it integrates cooperative learning and problem-solving activities into a structured inquiry sequence. The
ITCPS model consists of identifying problems, formulating problems, investigating, explaining, and reflecting
(Utami et al., 2019a; Utami et al., 2019b; Utami et al., 2023). Through these stages, students are expected to
observe a problem, work collaboratively, conduct investigation, communicate findings, and reflect on the
solution process. This structure aligns with constructivist and inquiry-based perspectives because students are
guided to build understanding through interaction with problems, peers, evidence, and teacher facilitation.
Therefore, ITCPS has theoretical potential to support students’ activeness, analytical thinking skills, and science
learning outcomes simultaneously.

Existing studies on ITCPS have reported its potential contribution to students’ affective development,
social interaction, and critical thinking in science or chemistry learning (Utami et al., 2023). Nevertheless,
empirical evidence remains limited regarding whether ITCPS can simultaneously influence students’ behavioral
activeness, analytical thinking skills, and cognitive science learning outcomes in lower secondary science
classrooms. This gap is important because analytical thinking is more specific than general critical thinking and
requires students to perform measurable cognitive operations such as matching, classifying, analyzing errors,
generalizing, and specifying. Previous ITCPS research has also not sufficiently positioned the model as an
integrated intervention for both classroom participation and cognitive achievement in the topic of simple
machines. This study offers novelty by examining the effect of the ITCPS learning model on three interrelated
outcomes: students’ activeness, analytical thinking skills, and science learning outcomes, within one quasi-
experimental design involving eighth-grade students in a middle school science classroom. The study contributes
to the literature by providing empirical evidence on how a structured cooperative problem-solving model can
support both the process dimension of learning, represented by student activeness, and the cognitive dimension
of learning, represented by analytical thinking and science achievement. Specifically, this study aims to
determine the effect of the ITCPS learning model on (1) students’ activeness, (2) students’ analytical thinking
skills, (3) students’ science learning outcomes, and (4) the three outcomes simultaneously.
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2. MATERIAL AND METHOD

Research Design
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Figure 1. Research Flow of the Quasi-Experimental Study

This study employed a quasi-experimental method using a pretest-posttest nonequivalent control group
design. This design was considered appropriate because the research was conducted in naturally existing
classroom settings, where random assignment of individual students to different groups was not feasible. Two
intact eighth-grade classes were therefore selected to participate in the study. One class was assigned as the
experimental group and received instruction through the Investigation Through Cooperative Problem Solving
(ITCPS) learning model, whereas the other class was assigned as the control group and received instruction
through Discovery Learning. This design enabled the researcher to compare the effectiveness of the two learning
models in improving students’ activeness, analytical thinking skills, and science learning outcomes under
authentic classroom conditions. Figure 1 presents the overall flow of the study, beginning from the preparation
phase to the final data analysis and conclusion.

Figure 1 illustrates that the research procedure was organised into three major phases, namely the
preparation phase, the implementation phase, and the final evaluation phase. The preparation phase included
identifying the research problem, reviewing relevant literature, preparing lesson plans and learning materials,
developing research instruments, and validating the instruments prior to use. The implementation phase began
with the administration of a pretest in both groups to identify students’ initial analytical thinking skills and science
learning outcomes. Following the pretest, the experimental class was taught using the ITCPS learning model,
while the control class was taught using Discovery Learning. During the learning process, students’ activeness
was observed systematically using an observation sheet. The final evaluation phase involved administering a
posttest to both groups after the treatment had been completed. The posttest aimed to measure students’
analytical thinking skills and science learning outcomes after instruction. The resulting data from the pretest,
posttest, and classroom observation were then analysed statistically to determine the effectiveness of the ITCPS
learning model compared with Discovery Learning.

Participants

The population of this study consisted of all eighth-grade students at a public junior secondary school in
Surakarta, Indonesia. The school had eight eighth-grade classes. Prior to sample selection, students’ previous
science midterm scores were examined to assess the baseline equivalence of the population. The preliminary
analysis showed that most classes had normally distributed science scores, and the homogeneity test indicated
that the population variance was homogeneous, with Levene’s statistic = 1.032 and p = .409. These results
suggested that the eighth-grade classes were sufficiently comparable to be considered for inclusion in the study.
The sample was selected at the class level because the students had already been organized into intact classes
by the school, making individual random assignment impractical in the natural classroom setting. One eighth-
grade class was assigned as the experimental group and another as the control group. Based on the final analytic
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dataset, the study involved 60 students, consisting of 30 students in the experimental class and 30 students in
the control class. Both classes studied the same science topic, followed the same curriculum, and were taught
within the same school context. This arrangement allowed the study to compare the effects of the two
instructional models under relatively equivalent educational conditions.

Learning Topic and Intervention

The learning topic used in this study was simple machines. The topic included the definition of simple
machines, types of levers, inclined planes, pulleys, mechanical advantage, and the application of simple machines
in daily life. This topic was selected because it allows students to observe contextual phenomena, analyze visual
representations, solve quantitative problems, and connect science concepts with everyday situations. The
experimental class was taught using the ITCPS learning model. The model consisted of five syntaxes: identifying
problems, formulating problems, investigating, explaining, and reflecting (Utami et al., 2023). The control class
was taught using Discovery Learning. Both classes studied the same topic, followed the same curriculum
objectives, and completed the same assessment instruments. Table 1 summarizes the treatment procedures in
the experimental and control classes.

Table 1. Treatment procedures in the experimental and control classes

Stage ITCPS class Discovery Learning class

Orientation Observed contextual problems on simple Observed learning materials on simple
machines. machines.

Problem Identified problems and formulated Identified relevant information from

formulation hypotheses. materials.

Investigation Conducted cooperative investigation, Collected and processed information
experiments, and problem solving. through guided discovery.

Explanation Presented findings and responded to Verified concepts through guided
feedback. discussion.

Reflection Reflected on solutions and clarified concepts.  Drew conclusions from the discovery

process.
Main focus Cooperative problem solving and Concept discovery and verification.

_ investigation.

Instruments

This study used three main instruments: an observation sheet for students’ activeness, an essay test for
analytical thinking skills, and a multiple-choice test for cognitive science learning outcomes. The instruments
were developed based on the indicators of each dependent variable. Table 2 presents the relationship among
variables, instruments, indicators, number of items, and scoring procedures. The students’ activeness
observation sheet was adapted from Wibowo (2016). The instrument consisted of five aspects: attention,
cooperation and social relations, expressing ideas, problem solving, and discipline. Each aspect consisted of three
observable indicators. Attention referred to students’ focus on teacher explanation, task completion, and
information searching. Cooperation and social relations referred to students’ participation in group discussion,
mutual assistance, and compromise in decision-making. Expressing ideas referred to students’ ability to share
opinions, respond to peers, and ask clarification questions. Problem solving referred to students’ effort to find
answers, analyze observation data, and connect data with learning materials. Discipline referred to students’
ability to follow learning rules, accept group arrangements, and complete tasks on time.

The analytical thinking skills test consisted of five essay questions based on Marzano and Kendall’s
taxonomy (Marzano & Kendall, 2007). The five aspects were matching, classifying, analyzing errors, generalizing,
and specifying. Matching measured students’ ability to identify similarities and differences. Classifying measured
students’ ability to identify categories and explain relationships based on attributes. Analyzing errors measured
students’ ability to identify misconceptions or incorrect applications of concepts. Generalizing measured
students’ ability to draw conclusions from known concepts and principles. Specifying measured students’ ability
to predict what might happen in a given situation.
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The instruments were validated before being used in the main data collection. Content validity was
examined through expert judgment involving two experts in science education and physics education. The
validation process covered conceptual relevance, construct alignment, content representativeness, language
clarity, and scoring clarity. The expert judgment results were analyzed using Gregory’s content validity formula.
The content validity coefficient was 1.00 for the students’ activeness observation sheet, the analytical thinking
skills test, and the cognitive science learning outcomes test, indicating that the instruments were considered
highly relevant to the measured constructs and the science topic. Empirical validity and reliability were also
examined for the analytical thinking skills test and the cognitive science learning outcomes test. The analytical
thinking skills test consisted of five essay items representing matching, classifying, analyzing errors, generalizing,
and specifying. The item-total correlation coefficients ranged from .570 to .779, and the reliability coefficient
was Cronbach’s alpha = .678. The cognitive science learning outcomes test consisted of 15 multiple-choice items.
The item-total correlation coefficients ranged from .106 to .579, and the reliability coefficient was Cronbach’s
alpha = .612. These results indicate that the instruments had acceptable validity evidence for classroom-based
research, although the internal consistency of the cognitive learning outcomes test was moderate. Items with
lower item-total correlations were reviewed to ensure their alignment with the learning indicators and the simple
machines content.

Table 2. Research variables, instruments, indicators, and scoring procedures

Variable Instrument Indicators Items Scoring procedure
Students’ Observation Attention, cooperation and 5aspects, 15 Each aspect was scored 1-
activeness sheet social relations, expressing indicators 3, then converted to a 0—
ideas, problem solving, and 100 scale.
discipline
Analytical Essay test Matching, classifying, analyzing 5 essay Each item was scored 1-3
thinking skills errors, generalizing, and items using an analytical rubric,
specifying then converted to a 0-100
scale.
Science Multiple- Simple machines, levers, 15items Correct answer = 1;
learning choice test inclined planes, pulleys, incorrect answer = 0; total
outcomes mechanical advantage, and score converted to a 0-
_ daily-life applications A 100 scale.

Data Collections and Analysis

Data collection was conducted in three sequential stages: pretest, treatment implementation, and
posttest. Prior to the intervention, both classes completed the analytical thinking skills test and the cognitive
science learning outcomes test in order to identify their initial abilities and establish baseline comparability
between groups. The intervention phase was then carried out according to the assigned instructional model,
with the experimental class receiving instruction through the Investigation Through Cooperative Problem Solving
(ITCPS) model, while the control class learned through the Discovery Learning model. During this phase, students’
activeness was systematically observed using an observation sheet that covered five dimensions, namely
attention, cooperation and social relations, expressing ideas, problem solving, and discipline. Following the
completion of the intervention, both classes were administered a posttest based on the same indicators as those
used in the pretest. Scores obtained from the observation sheet, essay test, and multiple-choice test were
subsequently compiled and prepared for statistical analysis.

Data were analyzed using both descriptive and inferential statistics. Descriptive statistical analysis
included the calculation of the mean, maximum score, minimum score, variance, and standard deviation to
provide an overall picture of students’ performance across the measured variables. Prior to hypothesis testing,
several prerequisite tests were conducted to ensure that the data met the assumptions required for multivariate
analysis, including the Shapiro—Wilk test for normality, Levene’s test for homogeneity of variance, and Box’s M
test for homogeneity of covariance matrices. (Bathke et al., 2018; Shapiro & Wilk, 1965) Data were considered
to satisfy these assumptions when the significance value exceeded .05. Hypothesis testing was then performed
using Multivariate Analysis of Variance (MANOVA), as the study examined the effect of one independent variable,
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namely the learning model, on three dependent variables: students’ activeness, analytical thinking skills, and
science learning outcomes. Follow-up univariate tests were subsequently conducted to examine the effect of the
learning model on each dependent variable separately. The level of statistical significance was set at .05. Partial
eta squared was reported to indicate the magnitude of both the univariate and multivariate effects (Bathke et
al., 2018; Shapiro & Wilk, 1965; Friendly & Sigal, 2020).

3. RESULTS
Students’ Activeness
Table 3. Statistic Descriptive Test of Students’ Activeness
Statistic Experiment Control
Average 71.03 63.6
Maximal 91 87
Minimal 44 40
Variance 142.03 149.90
Std. Deviation 11.91 12.24

Students’ activeness was measured using an observation sheet during the learning process, and the
descriptive results are presented in Table 3. The data show that the experimental class achieved a higher mean
activeness score (71.03) than the control class (63.60), indicating that students who learned through the ITCPS
model tended to participate more actively during instruction. The difference of 7.43 points suggests a meaningful
descriptive advantage for the experimental group. The maximum score in the experimental class (91) was also
higher than that in the control class (87), while the minimum score in the experimental class (44) exceeded that
of the control class (40). This pattern indicates that the experimental class not only reached a higher overall level
of activeness, but also showed better participation among lower-performing students. In addition, the standard
deviations in the two groups were relatively similar (11.91 in the experimental class and 12.24 in the control
class), suggesting that the spread of activeness scores was comparable across groups (Sizi et al., 2021). Taken
together, these descriptive findings indicate that the ITCPS learning model was associated with higher student
activeness than Discovery Learning, although the statistical significance of this difference is examined in the
subsequent inferential analysis (Sizi et al., 2021; Furgan et al., 2015).

Analytical Thinking Skills

Table 4. Statistic Descriptive Test of Students’ Analytical Thinking Skills

Statistic Experiment Control

Pretest Posttest Pretest Posttest
Average 56.60 70.23 50.43 63.73
Maximal 80 87 80 87
Minimal 33 47 13 40
Variance 190.11 132.66 417.56 178.89
Std. Deviation 13.78 11.51 20.43 13.37

Data on students’ analytical thinking skills were obtained from the pretest and posttest, as presented in
Table 4. The descriptive results indicate that both groups showed improvement after the intervention. The
experimental class increased from a mean pretest score of 56.60 to a mean posttest score of 70.23, representing
a gain of 13.63 points. The control class also improved, from 50.43 to 63.73, with a gain of 13.30 points. These
results suggest that analytical thinking skills developed in both groups over the course of the study (Lazonder &
Harmsen, 2016; Fitriyana et al., 2019). The experimental class, however, maintained a higher average score at
both measurement points and achieved a higher final posttest mean than the control class. The maximum score
in both groups increased from 80 at pretest to 87 at posttest, indicating that students in each class were able to
reach a similarly high upper level of performance after instruction. The minimum score also increased in both
groups, from 33 to 47 in the experimental class and from 13 to 40 in the control class, suggesting that lower-
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performing students showed progress in both learning conditions. In addition, the standard deviation decreased
from 13.78 to 11.51 in the experimental class and from 20.43 to 13.37 in the control class, indicating that
students’ scores became less dispersed after instruction (Achdiyat & Lestari, 2016). Taken together, these
descriptive findings show that both instructional models were associated with improvement in analytical thinking
skills, while the experimental class demonstrated a higher overall level of performance. The statistical
significance of this difference is examined in the subsequent inferential analysis (Ismayanti et al., 2020; Lazonder
& Harmsen, 2016; Fitriyana et al., 2019).

Cognitive Learning Outcomes

Table 5. Statistic Descriptive Test of Students’ Cognitive Learning Outcome

Statistic Experiment Control

Pretest Posttest Pretest Posttest
Average 58 72.2 55.56 63.2
Maximal 87 93 87 80
Minimal 33 47 20 33
Variance 163.44 119.82 262.32 134.47
Std. Deviation 12.78 10.94 16.19 11.59

Data on cognitive learning outcomes were collected through pretest and posttest scores obtained from
a 15-item multiple-choice test, and the descriptive results are presented in Table 5. The data indicate that both
groups experienced improvement after the learning intervention, but the magnitude of improvement was
greater in the experimental class. The experimental class increased from a mean pretest score of 58.00 to a mean
posttest score of 72.20, representing a gain of 14.20 points. The control class also improved, but only from 55.56
to 63.20, with a gain of 7.64 points. These results suggest that both learning models contributed to students’
cognitive development, although the ITCPS model was associated with a stronger increase in science learning
outcomes. The maximum score in the experimental class rose from 87 to 93, whereas in the control class the
maximum score decreased from 87 to 80, indicating that the experimental class not only improved on average
but also reached a higher upper level of achievement after instruction. The minimum score also increased in both
groups, from 33 to 47 in the experimental class and from 20 to 33 in the control class, showing that lower-
performing students in both classes made progress. Moreover, the standard deviation decreased from 12.78 to
10.94 in the experimental class and from 16.19 to 11.59 in the control class, indicating that students’ posttest
scores became less dispersed than their pretest scores (Aen & Kuswendi, 2020; Lutfirohmatika & Pertiwi, 2021).
Taken together, these descriptive findings show that the experimental class achieved higher final performance
and greater score improvement than the control class, suggesting that the ITCPS learning model was more
effective in supporting students’ cognitive science learning outcomes. The statistical significance of this
difference is examined in the subsequent inferential analysis (Aen & Kuswendi, 2020).

Results of Prerequisite Test and Hypothesis Tests

Prerequisite tests were conducted before hypothesis testing to ensure that the data met the
assumptions required for MANOVA. Normality was examined using the Shapiro—Wilk test, with a significance
value greater than .05 indicating that the data were normally distributed. The results presented in Table 6 show
that all significance values for students’ activeness, analytical thinking skills, and learning outcomes in both the
experimental and control classes exceeded .05. In the experimental class, the significance values were .063 for
activeness, .116 for analytical thinking skills, and .257 for learning outcomes. In the control class, the
corresponding values were .427, .052, and .093. These findings indicate that the distributions of all dependent
variables were normal in both groups. The assumption of normality was therefore satisfied, meaning that the
data were appropriate for subsequent multivariate analysis (Shapiro & Wilk, 1965).

Homogeneity was then examined using Box’s M test to determine whether the covariance matrices of
the dependent variables were equal across groups. The results are shown in Table 7. The analysis produced a
Box’s M value of 11.503, with F = 1.809, dfl = 6, df2 = 24373.132, and p = .093. Since the significance value was
greater than .05, the covariance matrices were considered homogeneous. These results indicate that the data
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met the homogeneity assumption required for MANOVA. Taken together, the prerequisite tests confirmed that
the data were both normally distributed and homogeneous, so the dataset was suitable for hypothesis testing
using multivariate analysis (Friendly & Sigal, 2020).

Table 6. Normality Test

Sig Shapiro-Wilk

Class Activeness Analytical Thinking Learning Decision

Skills Outcomes
Experiment .063 116 .257 Normally distributed
Control 427 .052 .093

Table 7. Results of Box’s M Test

Box's M 11.503

F 1.809

dfl 6

df2 24373.132
Sig .093

Table 8. The Results of Hypothesis Testing for Hypothesis

Source Dependent Variable F Sig Partial Eta Squared
Class Activeness 12.158 .001 173

Analytical Thinking Skills 9.023 .004 135

Learning Outcomes 9.415 .003 .140

Table 9. Hypothesis Test 4

Effect Sig Partial Eta
Squared

Pillai’s Trace .000 271

Wilks” Lambda .000 271

Hotelling’s Trace .000 271

Roy’s Largest Root .000 271

Univariate hypothesis testing for the first three hypotheses is presented in Table 8. The results show
that the learning model had a significant effect on each dependent variable separately. Students’ activeness
yielded F(1, 58) = 12.158, p = .001, with partial eta squared = .173, indicating that the ITCPS learning model had
a statistically significant and relatively strong effect on students’ activeness. Analytical thinking skills yielded F(1,
58) =9.023, p =.004, with partial eta squared = .135, showing that the learning model also significantly affected
students’ analytical thinking skills. Science learning outcomes yielded F(1, 58) = 9.415, p = .003, with partial eta
squared = .140, indicating a significant effect of the ITCPS model on students’ cognitive science achievement.
Among the three outcomes, the strongest effect was found for students’ activeness, followed by science learning
outcomes and analytical thinking skills. These findings suggest that the ITCPS learning model was effective not
only in increasing students’ classroom participation, but also in improving their higher-order thinking and
cognitive achievement.

Multivariate testing was then conducted to examine the simultaneous effect of the ITCPS learning model
on students’ activeness, analytical thinking skills, and science learning outcomes. The results are presented in
Table 9. All multivariate criteria, including Pillai’s Trace, Wilks’ Lambda, Hotelling’s Trace, and Roy’s Largest Root,
showed the same significance pattern, with p < .001 and partial eta squared = .271. These results indicate that
the learning model had a significant simultaneous effect on the three dependent variables. The partial eta
squared value of .271 further suggests that 27.1% of the multivariate variance in students’ activeness, analytical
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thinking skills, and learning outcomes can be explained by the difference in learning model. This finding means
that the fourth hypothesis was accepted. The ITCPS learning model therefore had a meaningful and statistically
significant overall effect on students’ participation, analytical reasoning, and science achievement when the
three outcomes were considered together (Bathke et al., 2018).

4. DISCUSSION
Students’ Activeness in ITCPS-Based Learning

Results in Table 8 showed that the ITCPS learning model had a significant effect on students’ activeness,
with F(1, 58) = 12.158, p = .001, and partial eta squared = .173. Descriptive statistics in Table 3 further support
this result, showing that the experimental class achieved a higher mean activeness score (71.03) than the control
class (63.60). The difference of 7.43 points indicates that students who learned through ITCPS were more actively
involved in classroom activities than those who learned through Discovery Learning. The maximum score in the
experimental class was also slightly higher (91) than in the control class (87), while the minimum score in the
experimental class (44) exceeded that of the control class (40), suggesting that the ITCPS model not only
promoted higher overall participation but also supported better engagement among lower-scoring students. The
standard deviations of the two groups were relatively similar (11.91 in the experimental class and 12.24 in the
control class), indicating that the spread of activeness scores was comparable across groups. Such a pattern
suggests that the observed difference was not caused by unusual score dispersion, but reflected a more
consistent tendency for students in the ITCPS class to participate more actively during learning. Active
participation is essential for effective learning because students need to be engaged cognitively, socially, and
behaviorally during classroom interaction. Taken together, the descriptive and inferential findings indicate that
the ITCPS learning model was effective in strengthening students’ activeness during science learning.
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Figure 2 presents the distribution of students’ activeness across the five observed aspects. Scores in the
experimental class were consistently higher than those in the control class for all aspects, namely attention (82.5
vs. 72.2), cooperation and social relations (78.6 vs. 65.3), expressing ideas (63.7 vs. 47.2), solving problems (51.9
vs. 45.5), and discipline (65.7 vs. 52.9). Highest scores were found in the attention aspect, suggesting that ITCPS
was particularly effective in directing students’ focus during learning. Lower scores in the problem-solving aspect
in both groups indicate that this dimension remained more difficult to develop, although the experimental class
still showed a clear advantage. These findings suggest that ITCPS supported broader classroom participation
rather than improving only one dimension of activeness. Each stage of the ITCPS model provides a plausible
explanation for this pattern. Problem identification encouraged students to observe contextual representations
of simple machines and analyze the information provided in the worksheet. Visual representations such as carts,
bucket wells, and stairs likely helped students connect the problem situation with the science concepts being
discussed, thereby increasing their attention and engagement (Prince, 2004). Observation activities are also
fundamental in scientific inquiry because they allow students to collect evidence, test initial ideas, and construct
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conclusions (Achdiyat & Lestari, 2016). Problem formulation then guided students to discuss the observed
situation and propose hypotheses. This stage may have stimulated curiosity and encouraged students to ask
questions, express tentative explanations, and become more involved in the learning process (Yam & Taufik,
2021; Ismayanti et al., 2020).

Investigation and explanation stages appear to be especially relevant for the higher scores in
cooperation, social relations, and expressing ideas. Investigation required students to work collaboratively,
conduct experiments, discuss evidence, and solve problems together. Opportunities to discuss, express opinions,
and interpret findings are known to strengthen students’ classroom participation and interaction skills (Achdiyat
& Lestari, 2016). Cooperative investigation also encourages students to build social responsibility within the
group, which is closely related to the cooperation and social relations aspect. Explanation activities further
trained students to present their findings, respond to peer feedback, and defend their reasoning, processes that
can stimulate more active classroom involvement and meaningful participation. Reflection likely contributed to
the discipline aspect because students were required to evaluate their work, draw conclusions, and complete
learning tasks in an orderly manner. Reflection provides students with a comprehensive understanding of what
has been learned and encourages them to take part in decision making rather than functioning only as passive
listeners (Ismayanti et al., 2020). Taken together, the evidence from Table 3, Table 8, and Figure 2 indicates that
the ITCPS learning model was effective in increasing students’ activeness across multiple aspects of classroom
participation, especially attention and cooperation, while problem-solving activeness still required stronger
support.

Effect of ITCPS on Students’ Analytical Thinking Skills

Results in Table 8 showed that the ITCPS learning model had a significant effect on students’ analytical
thinking skills, with F(1, 58) = 9.023, p =.004, and partial eta squared = .135. Descriptive statistics in Table 4 also
support this result, showing that the experimental class improved from a mean pretest score of 56.60 to a mean
posttest score of 70.23, whereas the control class improved from 50.43 to 63.73. Both groups showed progress
after instruction, but the experimental class achieved a higher final mean score than the control class. These
findings indicate that learning through ITCPS was associated not only with general improvement in performance
but also with stronger development of analytical thinking skills than Discovery Learning. This result is consistent
with previous studies showing that analytical thinking develops more effectively when students are given
opportunities to interpret data, connect concepts, evaluate errors, and construct evidence-based explanations
rather than merely receive information passively (Irwanto et al., 2017; Fitriyana et al., 2019; Amiza & Aloysius,
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A more detailed pattern can be seen in Figure 3, which shows that the experimental class obtained
higher posttest scores on all aspects of analytical thinking, namely matching (78.8 vs. 75.2), classifying (74.3 vs.
70.2), analyzing errors (60.5 vs. 54.3), generalizing (61.2 vs. 55.6), and specifying (51.2 vs. 47.6). The highest
posttest score in the experimental class appeared in the matching aspect, whereas the lowest remained in
specifying. The relatively clear gaps in analyzing errors and generalizing suggest that ITCPS was particularly
helpful in supporting students’ ability to identify conceptual inaccuracies and draw broader conclusions from
observed evidence. This pattern is in line with studies on inquiry-based and problem-solving-oriented learning,
which emphasize that observing, discussing evidence, testing assumptions, and revising understanding can
strengthen students’ analytical skills in more specific ways (Furtak et al., 2012; Lazonder & Harmsen, 2016; Xu et
al., 2023). These findings also extend earlier studies by showing not only that collaborative inquiry supports
higher-order thinking in general, but also which analytical aspects appeared to develop more strongly in the
context of simple machines.

Integration between the ITCPS syntax and the demands of analytical thinking may explain why the
experimental class demonstrated better performance. The stages of problem identification and problem
formulation gave students opportunities to recognize problem characteristics, distinguish examples, and classify
concepts, making these stages particularly relevant to the matching and classifying aspects (Pedaste et al., 2015;
Fakhrurrazi et al., 2019). The investigation stage encouraged students to collect and process experimental data,
compare results, and check for possible inaccuracies, thereby contributing to the analyzing errors aspect. The
explaining and reflection stages then provided students with opportunities to construct explanations, respond
to peers’ arguments, and draw conclusions, which are closely related to generalizing and specifying (Martiwi &
Pertiwi, 2023). The implication of these findings is that science instruction should not focus only on concept
discovery, but should also integrate structured cooperative problem solving so that students can gradually
practise analyzing, checking errors, and forming generalizations. In this sense, ITCPS can be positioned not only
as a model for increasing students’ activeness, but also as a pedagogical strategy that supports the integration
of classroom participation, analytical reasoning, and science concept mastery in a more comprehensive way.

Effect of ITCPS on Students’ Science Learning Outcomes

Results in Table 8 showed that the ITCPS learning model had a significant effect on students’ science
learning outcomes, with F(1, 58) = 9.415, p = .003, and partial eta squared = .140. Descriptive statistics in Table
5 also support this result, showing that the experimental class improved from a mean pretest score of 58.00 to
a mean posttest score of 72.20, whereas the control class improved from 55.56 to 63.20. Although both groups
demonstrated progress after instruction, the experimental class achieved a higher final mean score and a larger
score gain than the control class. These findings indicate that ITCPS was associated with stronger improvement
in students’ cognitive science learning outcomes than Discovery Learning. This result is consistent with previous
studies showing that learning outcomes improve more effectively when students are actively involved in
problem-solving, guided inquiry, and collaborative knowledge construction rather than passively receiving
explanations (Hmelo-Silver, 2004; Furtak et al., 2012; Lazonder & Harmsen, 2016).

The stronger performance of the experimental class can be interpreted in relation to the structure of
the ITCPS model itself. During the problem identification stage, students were exposed to contextual pictures
and examples of simple machines, such as one-wheeled carts, bucket wells, scissors, nutcrackers, screws, and
staircases, which helped them connect science concepts with familiar phenomena. Observation-based learning
activities are known to increase students’ attention, curiosity, and concentration, thereby supporting conceptual
understanding (Aen & Kuswendi, 2020). The problem formulation stage then required students to analyze the
observed problems, identify the working principles and functions of simple machines, and formulate hypotheses.
Activities that require students to analyze and interpret problems have been shown to strengthen higher-order
thinking and improve concept understanding (Sugianti et al., 2018). In this way, students were not only
introduced to the topic content, but were also guided to build conceptual meaning from the outset of the
learning process.

The investigation stage appears to have played a particularly important role in improving learning
outcomes because students were required to carry out experiments, discuss findings, and process evidence
collaboratively. Experimental activities provide direct experience that helps students remember and understand
concepts more meaningfully (Utami et al.,, 2019b). Collaborative experimentation also enables students to
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compare results, test initial assumptions, and refine understanding through interaction, which can strengthen
cognitive achievement (Afdalia & Kasim, 2020). Furthermore, the explanation stage gave students opportunities
to present the results of their investigations and respond to peer feedback, while the reflection stage helped
them consolidate learning through shared conclusion making and teacher clarification. These activities are
important because students who explain and reflect on their own reasoning tend to develop more systematic
understanding of the concepts they have learned (Lutfirohmatika & Pertiwi, 2021). Taken together, the evidence
from Table 5 and Table 8 suggests that ITCPS supported science learning outcomes not only by increasing
participation, but also by integrating observation, analysis, experimentation, explanation, and reflection into a
structured learning sequence. The pedagogical implication is that science learning should not rely solely on
concept discovery, but should also incorporate guided cooperative problem solving so that students can build
stronger conceptual understanding through active engagement with evidence and everyday phenomena.

ITCPS as an Integrated Model for Activeness, Analytical Thinking, and Learning Outcomes

Multivariate results in Table 9 showed that the ITCPS learning model had a significant simultaneous
effect on students’ activeness, analytical thinking skills, and cognitive learning outcomes, with p <.001 and partial
eta squared =.271. This finding indicates that the contribution of ITCPS should not be interpreted only in relation
to a single dependent variable, but rather as an integrated instructional effect across behavioral participation,
analytical reasoning, and conceptual achievement. Such a pattern is consistent with the view that learning
outcomes improve more strongly when students are engaged in structured interactive, constructive, and
investigative activities rather than passive reception of information (Chi & Wylie, 2014; Minner et al., 2010; Xu
et al., 2023). In the present study, the ITCPS syntax appears to provide that integration. The stages of problem
identification and problem formulation encouraged students to observe, question, and classify phenomena,
thereby supporting classroom activeness and early analytical processing. The investigation stage required
students to work collaboratively, gather evidence, compare results, and evaluate possible errors, which likely
strengthened both analytical thinking and conceptual understanding (Gillies, 2016). The explaining and reflection
stages then provided opportunities for students to communicate findings, respond to feedback, and consolidate
understanding, allowing participation, reasoning, and content mastery to develop together. This integrated
pattern helps explain why the multivariate effect of ITCPS was stronger than Discovery Learning, which in this
study tended to position the teacher more centrally in guiding and summarizing the learning process. The
pedagogical implication is that science instruction should not treat activeness, analytical thinking, and learning
outcomes as separate targets. Instead, they should be developed simultaneously through structured cooperative
problem-solving activities that require students to engage with evidence, peers, and concepts in a sustained way.
In this sense, ITCPS can be positioned as a pedagogical model that integrates participation, reasoning, and
conceptual learning more comprehensively than instruction that emphasizes concept discovery without equally
strong collaborative-investigative scaffolding (Xu et al., 2023; Gillies, 2016).

5. CONCLUSION

This study concludes that the Investigation Through Cooperative Problem Solving (ITCPS) learning model
was more effective than Discovery Learning in improving eighth-grade students’ activeness, analytical thinking
skills, and cognitive science learning outcomes. The multivariate results demonstrated a significant simultaneous
effect of the learning model on the three dependent variables, with p < .001 and partial eta squared = .271,
indicating that ITCPS contributed meaningfully to students’ classroom participation, analytical reasoning, and
conceptual achievement as an integrated set of outcomes. Univariate results further confirmed significant effects
on students’ activeness, F(1, 58) = 12.158, p = .001, partial eta squared = .173; analytical thinking skills, F(1, 58)
=9.023, p = .004, partial eta squared = .135; and science learning outcomes, F(1, 58) = 9.415, p = .003, partial eta
squared = .140. Descriptively, the experimental class also showed consistently higher mean scores than the
control class across all three variables. These findings suggest that ITCPS is not only effective in promoting active
classroom engagement, but also in supporting students’ ability to analyze information, evaluate evidence, and
understand science concepts more deeply through structured cooperative investigation and problem solving.
Therefore, ITCPS can be recommended as a meaningful pedagogical alternative for lower secondary science
instruction, particularly when teachers aim to develop student participation, higher-order thinking, and learning
achievement simultaneously.
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