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Abstract 

Critical thinking skills among elementary school students in Indonesia remain at a suboptimal level, as evidenced 

by the 2022 PISA science literacy score of 383, substantially below the OECD average of 485. Despite a growing 

body of research on Problem-Based Learning (PBL) in Indonesian science education, studies that statistically 

control for students' initial cognitive profiles when estimating PBL's effect on critical thinking remain scarce at 

the elementary level, limiting the precision and credibility of existing effect estimates. This study aimed to 

examine the effect of PBL on the critical thinking skills of fifth-grade students at SDN 33 Lampe, Bima City, 

Indonesia, with science literacy as a covariate. A quasi-experimental post-test only control group design was 

employed, with two classes selected through cluster random sampling and randomly assigned to conditions: Class 

V.A (n = 31) as the PBL group and Class V.B (n = 29) as the control group receiving conventional instruction. 

Science literacy data were obtained from a cognitive diagnostic assessment administered before the intervention 

as an independent covariate, while critical thinking was measured using a validated essay instrument covering six 

dimensions of Facione (2015). Data were analyzed using Analysis of Covariance (ANCOVA) with estimated 

marginal means reported for each group. Results indicated a highly significant effect of instructional model on 

critical thinking (F(1, 57) = 54.868, p < .001, partial η² = .490), with the PBL group obtaining an adjusted mean 

of 17.71 points higher than the control group after controlling for science literacy. Science literacy also 

demonstrated a significant covariate effect (partial η² = .178). Within the scope and constraints of this single-

school study, PBL was associated with significantly higher critical thinking scores compared to conventional 

instruction. 
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INTRODUCTION 

Science education in primary schools plays a foundational role in fostering students' 

scientific reasoning, curiosity, and analytical abilities from an early age. Among the various 

competencies targeted in modern science curricula, critical thinking skills have been widely 

recognized as one of the most essential competencies for the 21st century (Ahmad & Siew, 

2021; Yesnazar et al., 2024). Critical thinking facilitates students' ability not only to 

comprehend scientific concepts but also to critically evaluate evidence, construct coherent 

arguments, and make well-informed decisions in their daily lives (Ahmad & Siew, 2021; 

Dwyer, 2023; Sarwanto et al., 2021). Problem-Based Learning (PBL) has emerged as one of 

the most promising instructional models for addressing these challenges. Rooted in the 

principles of constructivist theory, PBL engages students in solving complex and ill-structured 
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problems that reflect real-world phenomena, thereby stimulating active reasoning and 

collaborative inquiry (Aidoo, 2023; Doolittle et al., 2023; Santos et al., 2021). 

However, the facts show that the critical thinking skills of elementary school students in 

Indonesia are still not at an optimal level, as reflected in Indonesia's performance on the 

Programme for International Student Assessment (De Bortoli et al., 2023; OECD, 2023). The 

2022 PISA data show that Indonesian students' science literacy scores remain well below the 

OECD average, with an average score of 383 compared to the OECD average of 485 (OECD, 

2023). These results indicate a persistent gap in students' ability to apply scientific knowledge 

in real-life contexts, which is closely linked to critical thinking skills (Hu & Bi, 2024; García-

Carmona, 2023). This condition is exacerbated by the continued dominance of conventional 

instructional approaches in Indonesian classrooms, which tend to emphasize rote memorization 

over inquiry-based and problem-solving activities, thereby limiting students' opportunities to 

develop higher-order thinking skills (Anggraeny & Khongput, 2022; Kosasih et al., 2021). 

These conditions collectively underscore the urgency of adopting evidence-based instructional 

models such as PBL that can actively stimulate higher-order thinking and bridge the gap 

between current classroom practice and the competency demands of the 21st century. 

Despite the growing body of literature on PBL in Indonesian science education, few 

studies at the elementary level have examined the effect of PBL on students' critical thinking 

while simultaneously controlling for students' prior science literacy using cognitive diagnostic 

assessment data. Most existing studies rely on simple pre-test post-test comparisons or 

independent samples t-tests, which do not account for heterogeneity in students' initial 

cognitive profiles. This results in effect estimates that may overstate or understate the true 

instructional contribution of PBL (Wijnen et al., 2017; Leppink & Pérez-Fuster, 2016). The 

present study addresses this gap by using science literacy data from a cognitive diagnostic 

assessment mandated under Indonesia's Merdeka Curriculum as a covariate in ANCOVA, 

thereby producing a statistically more precise and credible estimate of PBL's effect on critical 

thinking. The novelty of this study lies not in the analytical technique itself, but in the use of 

diagnostic assessment data as a scientifically justified covariate for evaluating the effect of 

PBL on critical thinking skills among fifth-grade elementary students, an approach that remains 

underutilized in the Indonesian elementary science education research context. 

Building on the theoretical and empirical foundations established above, this study 

proposes that students receiving PBL instruction will demonstrate significantly higher critical 

thinking skills compared to those receiving conventional instruction after statistically 

controlling for individual differences in science literacy a hypothesis grounded in the 

constructivist premise that learning through authentic, ill-structured problems stimulates 

deeper cognitive engagement and the internalization of higher-order reasoning processes 

central to critical thinking (Hmelo-Silver, 2004; Savery, 2015; Yew & Goh, 2016). 

Furthermore, it is hypothesized that science literacy will function as a significant positive 

predictor of critical thinking, consistent with empirical evidence demonstrating that students' 

prior scientific knowledge and reasoning capacity substantially mediate their ability to engage 

in evidence-based argumentation and analytical thinking within problem-based instructional 

contexts (Fitriani et al., 2019; Norris & Phillips, 2003; Osborne, 2014). The adjusted mean 

difference between groups is expected to reflect a practically meaningful and statistically 

significant advantage for PBL, in line with prior intervention studies reporting moderate to 

large effect sizes for PBL on higher-order thinking outcomes in elementary science education 

(Abrami et al., 2015; Pratiwi et al., 2019; Sumarni & Kadarwati, 2020).  The scope of this study 

is limited to fifth-grade students in a public elementary school in Bima City, Indonesia, with 

findings intended to inform instructional design decisions within comparable Indonesian 

primary school contexts operating under the Merdeka Curriculum framework.  

Therefore, this study aimed to examine the effect of Problem-Based Learning on fifth-

grade elementary students’ critical thinking skills after controlling for their initial science 
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literacy. Specifically, this study addressed the following research questions: 

(1) Does Problem-Based Learning significantly affect students’ critical thinking skills after 

science literacy is controlled as a covariate?  

(2) Does science literacy significantly contribute to students’ critical thinking skills?  

The novelty of this study lies in the use of cognitive diagnostic assessment data from the 

Merdeka Curriculum as a scientifically justified covariate in estimating the effect of PBL on 

critical thinking among elementary school students. This approach provides a more precise 

estimate of instructional effectiveness than unadjusted comparisons commonly used in 

previous studies. 

METHOD  

Research Design 

This study employed a quasi-experimental design with a post-test-only control group. 

This design was chosen based on practical considerations in educational research conducted in 

naturalistic classroom settings, where random assignment at the individual level is often not 

feasible (Krishnan, 2019; Muse & Baldwin, 2021). Two fifth-grade classes within the same 

school were selected, with one assigned as the experimental group receiving instruction 

through Problem-Based Learning (PBL), and the other designated as the control group 

receiving conventional instruction. The absence of a pre-test on the dependent variable (critical 

thinking) was intentional. Instead, students’ science literacy scores, obtained from a cognitive 

diagnostic assessment administered before the intervention, were treated as a covariate in the 

ANCOVA. This approach effectively controls for initial differences in students’ abilities while 

minimizing the risk of testing effects on the critical thinking variable (Manassero-Mas & 

Vázquez-Alonso, 2022). This approach is consistent with the recommendation (Wan, 2020) 

which states that covariates measured before the intervention and independent of the treatment 

serve as valid pre-test substitutes and are statistically more efficient in ANCOVA designs. The 

research design can be seen in the Figure 1.  

 

V.A X O1 

V.B - O2 

Figure 1. Post-test-only control group research design 

Notes: 

X  : Implementation of PBL  

O1  : Post-test for the experimental class 

O2 : Post-test for the control class 

The PBL intervention was implemented in the experimental group over six weeks periode 

(12 learning sessions, each lasting 70 minutes) on the topic of harmonious ecosystems, as 

outlined in the fifth-grade elementary school science curriculum. The control group received 

conventional direct instruction covering the same material, consisting of teacher-centered 

explanations, textbook exercises, and question-and-answer sessions. All research procedures 

were conducted with written permission from the school principal. Because participants were 

elementary school students, informed consent was obtained from parents or guardians before  

data collection, and student assent was also sought. Participant confidentiality was maintained 

throughout the study, and all data were used exclusively for research purposes in accordance 

with institutional ethical guidelines. With only one class per condition, it is not possible to fully 

disentangle PBL effects from class-level effects, and this constitutes a major limitation that 

constrains the generalizability and causal strength of the findings. 

Population and Sample 

This study was conducted at SDN 33 Lampe, Bima City, Indonesia, during the 2024/2025 

school year. The target population consisted of all fifth-grade students enrolled in three parallel 

classes at SDN 33 Lampe (N = 88). Cluster random sampling was used to select two of the 
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three available fifth-grade classes as the study sample, treating each entire class as a sampling 

unit (cluster). The selection was conducted using a lottery procedure, in which class labels were 

written on identical pieces of paper, placed in a container, and drawn by a neutral party, 

resulting in Class V.A and Class V.B as the two selected clusters. A second draw was then 

conducted to randomly assign the two selected classes to the experimental conditions, so that 

Class V.A was assigned to the experimental group receiving PBL instruction and Class V.B 

was assigned to the control group receiving conventional instruction.  

Research Instruments 

Science literacy scores used as covariates in this study were obtained from a cognitive 

diagnostic assessment administered to all students in both sample classes at the beginning of 

the semester, before the implementation of the treatment intervention. The diagnostic 

instrument comprehensively measured four dimensions of cognitive competence, namely: (1) 

numeracy, (2) reading literacy, (3) science literacy, and (4) social literacy, in accordance with 

the cognitive diagnostic assessment framework recommended by the Merdeka Curriculum 

(Kemendikbudristek, 2022). For this study, only the science literacy subscale scores were 

extracted for use as covariates in the ANCOVA model. The science literacy subscale consists 

of 20 items designed to measure students’ ability to explain scientific phenomena, interpret 

scientific data, and evaluate scientific evidence in accordance with the PISA science literacy 

framework (OECD, 2023).   

Critical thinking was measured using a post-test instrument of 10 open-ended essay items 

assessing six dimensions of critical thinking as operationalized by Facione (2015): 

interpretation (items 1–2), analysis (items 3–4), evaluation (items 5–6), inference (items 7–8), 

explanation (item 9), and self-regulation (item 10). Each item was scored using a four-point 

analytic rubric (0–3), yielding a total possible score of 30 points, converted to a 0–100 scale. 

The rubric specified behavioral performance criteria for each score level, and rater training was 

conducted before scoring. 

Content validity was established through expert review by three validators: one specialist 

in elementary science content, one specialist in science education, and one specialist in 

educational measurement. The Content Validity Index (CVI) was calculated using the 

proportion of items rated as essential by at least two of three validators, yielding a mean scale-

level CVI (S-CVI) of 0.87, exceeding the recommended threshold of 0.80 (Lynn, 1986; Polit 

& Beck, 2006). It is important to note that the S-CVI of .87 does not directly exceed the per-

item critical CVR of .99 for N = 3 validators (Lawshe, 1975); rather, the validity decision is 

based on the S-CVI threshold recommended for small validator panels (Lynn, 1986). Construct 

validity was supported by the theoretical alignment of each item with the six-factor structure 

of Facione’s (2015) critical thinking framework, as verified through expert review during the 

content validation process. Inter-rater reliability was assessed through independent double-

scoring by two trained raters, yielding Cohen’s κ = .84, indicating strong agreement (Landis & 

Koch, 1977). Internal consistency yielded Cronbach’s α = 0.82 (George & Mallery, 2003). 

Data Analysis 

Data were analyzed by using Analysis of Covariance (ANCOVA) with critical thinking 

post-test scores as the dependent variable, instructional group (PBL vs. conventional) as the 

independent variable, and science literacy scores as the covariate. The following ANCOVA 

assumptions were systematically verified before analysis: (1) normality of residuals, assessed 

using Kolmogorov-Smirnov tests; (2) homogeneity of variances, examined using Levene's 

tests; (3) homogeneity of regression slopes, tested by examining the Group × Science Literacy 

interaction term; (4) linearity of the covariate-dependent variable relationship; (5) 

independence of the covariate from treatment, established procedurally and verified by baseline 

equivalence testing; and (6) absence of extreme outliers, verified through inspection of 

standardized residuals (Stevens, 2016; Tabachnick & Fidell, 2019). An independent samples t-
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test was conducted on science literacy scores to examine baseline group equivalence on the 

covariate before the intervention. Effect sizes were reported using partial eta squared (η²p), 

interpreted per Cohen (1988): small (0.01), medium (0.06), large (0.14). Following the 

significant ANCOVA result, estimated marginal means (adjusted means) with 95% confidence 

intervals were reported for each group to quantify the adjusted between-group difference after 

covariate control. All analyses were conducted using Jamovi version 2.3.21.0 with α = 0.05. 

RESULTS AND DISCUSSION 

The results of the analysis of the content validity and reliability of the science literacy 

instrument indicate content validity, as confirmed by expert evaluations from two experts in 

elementary school science education and an expert in learning assessment, as shown in the 

Figure 2. 

 

 

 

 

Figure 2. Distribution of CVR by science literacy item 

The overall mean Content Validity Ratio (CVR) of the scientific literacy instrument was 

0.87, exceeding the critical Content Validity Index (CVI) threshold of 0.80. This finding 

confirms that, collectively, the instrument items were judged to be relevant, representative, and 

essential by both expert validators for measuring students’ scientific literacy. The distribution 

of CVR values across items, ranging from 0.80 to 0.95 as illustrated in Figure 2, indicates a 

high level of inter-validator consistency and the absence of items with substantially disputed 

relevance. These results confirm that the developed scientific literacy instrument possesses 

adequate content validity to function as a covariate measurement instrument in this study. 

Meanwhile, the analysis of the instrument’s reliability using Cronbach’s alpha revealed 

satisfactory internal consistency (Cronbach’s α = 0.78). A summary of the test results is shown 

in Figure 3. 

 

 

 

 

 

 

 

 

 

Figure 3. Reliability analysis of science literacy test items 

Figure 3 illustrates the reliability and stability analysis of the scientific literacy instrument 

through the visualization of Cronbach’s alpha coefficient values obtained when each of the 20 

items is individually removed from the instrument (α if item deleted). The horizontal axis is 

constrained to the range of 0.75–0.79 to allow for a more precise observation of variability 

among values, while the vertical red line at α = 0.780 represents the overall alpha coefficient 

of the instrument, serving as a reference point for comparison. 
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The testing of the critical thinking skills assessment instrument, as the dependent 

variable, incorporates both the item discrimination index and the item difficulty level. The 

results of the analysis are presented across three distinct color-coded zones corresponding to 

three categories: very good, good, and adequate. 

 

 

 

 

 

 

Figure 4. Psychometric Map of the CTS Instrument Test 

Item analysis was conducted to examine the discrimination and difficulty properties of 

each item. As shown in Figure 4, discrimination indices ranged from r-it = 0.32 to r-it = 0.61, 

with all 10 items exceeding the minimum acceptable threshold of 0.30, indicating that each 

item adequately differentiates between students with higher and lower levels of critical 

thinking. Most items are concentrated within the green zone, which represents an optimal 

combination of strong discrimination (r₍it₎ ≥ 0.40) and moderate difficulty (0.30 ≤ p ≤ 0.70), 

while a smaller proportion falls within the amber zone, indicating acceptable discrimination 

that still meets the minimum feasibility criteria. This distribution pattern is consistent with the 

reported range of discrimination indices (r₍it₎ = 0.32–0.61) and collectively supports the 

conclusion that the instrument demonstrates adequate psychometric quality for use in research 

aimed at measuring elementary school students’ critical thinking skills.  

Content validity was established through expert review by three validators: one specialist 

in elementary science content, one specialist in science education, and one specialist in 

educational measurement. The Content Validity Index (CVI) was calculated using the 

proportion of items rated as essential by at least two of three validators, yielding a mean scale-

level CVI (S-CVI) of 0.87, exceeding the recommended threshold of .80 (Lynn, 1986; Polit & 

Beck, 2006). It is important to note that the S-CVI of .87 does not directly exceed the per-item 

critical CVR of 0.99 for N = 3 validators (Lawshe, 1975); rather, the validity decision is based 

on the S-CVI threshold recommended for small validator panels (Lynn, 1986). Construct 

validity was supported by the theoretical alignment of each item with the six-factor structure 

of Facione’s (2015) critical thinking framework, as verified through expert review during the 

content validation process. Inter-rater reliability was assessed through independent double-

scoring by two trained raters, yielding Cohen’s κ = .84, indicating strong agreement (Landis & 

Koch, 1977). Internal consistency yielded Cronbach’s α = 0.82 (George & Mallery, 2003). 

 

 

 

 

 

Figure 5. Distribution of the CVR by item on the CTS test 
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Figure 6. Item reliability analysis for the CTS 

Scoring consistency was ensured through rater training and the use of a four-point 

analytic rubric with clearly specified behavioral criteria for each score level. Internal 

consistency of the critical thinking instrument was then assessed using Cronbach's alpha. As 

shown in Figure 6, the overall alpha for the 10-item scale was 0.82, indicating good internal 

consistency (George & Mallery, 2003). The red dashed line in Figure 6 represents this overall 

alpha value as a reference point. Inspection of the alpha-if-item-deleted values confirmed that 

no individual item, when removed, produced a meaningful increase in the overall alpha 

coefficient, suggesting that all 10 items contribute constructively to the reliability of the scale.  

Before inferential analysis, descriptive statistics for both the critical thinking post-test 

scores and the science literacy covariate scores were computed separately for each group and 

are presented in Table 1. 

Table 1. Descriptive statistics of critical thinking and science literacy scores by group 
 

Model Critical thinking Scientific literacy 

N 
 

PBL 
 

31 
 

31 
 

  
CONV 

 
29 

 
29 

 

Mean 
 

PBL 
 

85.161 
 

69.129 
 

  
CONV 

 
65.172 

 
60.655 

 

Median 
 

PBL 
 

80 
 

73 
 

  
CONV 

 
70 

 
67 

 

Standard deviation (SD) 
 

PBL 
 

9.957 
 

15.756 
 

  
CONV 

 
9.495 

 
14.707 

 

Skewness 
 

PBL 
 

0.061 
 

-1.111 
 

  
CONV 

 
-0.725 

 
-0.500 

 

Std. error (SE) skewness 
 

PBL 
 

0.421 
 

0.421 
 

 
CONV 

 
0.434 

 
0.434 

 

Kurtosis 
 

PBL 
 

-0.973 
 

0.515 
 

  
CONV 

 
0.565 

 
-0.904 

 

Std. error (SE) kurtosis 
 

PBL 
 

0.821 
 

0.821 
 

  
CONV 

 
0.845 

 
0.845 

 

 As shown in Table 1, the PBL group (n = 31) demonstrated a higher mean critical 

thinking score (M = 85.16, SD = 9.96, Median = 80) compared to the control group (n = 29; 

Mean = 65.17, SD = 9.50, Median = 70). The distribution of critical thinking scores in the PBL 
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group was approximately symmetric (skewness = 0.061, SE = 0.421), while the control group 

showed a slight negative skew (skewness = -0.725, SE = 0.434). Both distributions were 

considered sufficiently normal for ANCOVA purposes, consistent with the formal normality 

test results reported subsequently. Regarding the science literacy covariate, the PBL group 

obtained higher mean scores (Mean = 69.13, SD = 15.76, Median = 73) compared to the control 

group (Mean = 60.66, SD = 14.71, Median = 67). The science literacy distribution in the PBL 

group exhibited a moderate negative skew (skewness = -1.111, SE = 0.421), indicating a slight 

concentration of scores at the higher end of the scale. Although this skewness value approaches 

the conventional threshold of ±1.0, it is considered acceptable given that ANCOVA is robust 

to moderate violations of univariate normality when residual normality is satisfied (Field, 2018; 

Stevens, 2016). 

To formally examine baseline group equivalence on the covariate, an independent 

samples t-test was conducted on science literacy scores before the intervention. Results are 

presented in Table 2. 

Table 2. Independent samples t-test results for science literacy covariate baseline equivalence 

Variable t df p Cohen's d MD 95% CI 

Science literacy 2.150 58 0.036* 0.555 8.474 [0.583, 16.365] 

Results indicated a statistically significant difference between groups on science literacy 

before the intervention (t(58) = 2.150, p = .036, Cohen's d = 0.555, 95% CI [0.026, 1.076]), 

with the PBL group demonstrating higher mean science literacy (M = 69.13) than the control 

group (M = 60.66). The mean difference was 8.474 points (95% CI [0.583, 16.365]). Rather 

than representing a threat to validity, this finding directly reinforces the methodological 

necessity of including science literacy as a covariate. Because the two groups differed 

significantly on the covariate before treatment, any unadjusted comparison of post-test critical 

thinking scores would yield a biased estimate of PBL's instructional effect. ANCOVA corrects 

for this pre-existing difference by statistically equating both groups on science literacy before 

estimating the between-group difference in critical thinking, thereby producing adjusted mean 

estimates that more accurately reflect the true effect of the instructional treatment (Maxwell & 

Delaney, 2004; Stevens, 2016; Tabachnick & Fidell, 2019). Where the covariate differs 

significantly between groups is precisely the situation in which ANCOVA provides its greatest 

methodological advantage over unadjusted group comparisons (Maxwell & Delaney, 2004). 

Before hypothesis testing was conducted, all statistical assumptions required by the 

ANCOVA test were systematically verified. First, the normality of the residual distribution 

was tested using three complementary tests: the Shapiro-Wilk test, the Kolmogorov-Smirnov 

test, and the Anderson-Darling test. The results of the normality tests for each method are 

shown in the Table 3. 
Table 3. Results of the normality test 

  Statistic p 

Shapiro-Wilk 
 

0.964 
 

0.071 
 

Kolmogorov-Smirnov 
 

0.100 
 

0.591 
 

Anderson-Darling 
 

0.473 
 

0.235 
 

Three normality tests yielded p-values above the significance level of α = 0.05, indicating 

that the assumption of normality is met. A visual inspection to clarify the data distribution 

pattern was conducted by examining the following Q-Q plot (see Figure 7). 
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Figure 7. Q-Q Plot 

The standardized residual Q-Q plot confirms that the data points are consistently 

scattered along the theoretical diagonal line, with a symmetrical distribution around the zero 

point providing strong visual confirmation that the residual distribution is approximately 

normal. The second test homogeneity of variance across groups was assessed using two 

complementary tests: the Levene test and Bartlett’s test.  

Table 4. Homogeneity test results 

  Statistic df df2 p 

Levene's 
 

0.231 
 

1 
 

58 
 

0.632 
 

Bartlett's 
 

0.064 
 

1 
 

  
 

0.800 
 

The Levene’s test yielded F = 0.231, p = 0.632, while the Bartlett’s test produced a value 

of 0.064 with p = 0.800. Both tests resulted in p-values substantially exceeding the 0.05 

significance level, indicating that the data are homogeneous; in other words, there is no 

significant difference in variance between the PBL group and the control group. The fulfillment 

of all prerequisite tests, namely normality and homogeneity of variance, supports the use of 

ANCOVA as the primary analytical technique and ensures that the resulting statistical 

inferences can be interpreted with confidence. 

The Effect of Problem-Based Learning on Critical Thinking Skills 

The results of the hypothesis test examining the effect of the PBL model on critical 

thinking skills, with science literacy as a covariate, using ANCOVA, are presented in Table 5. 

Table 5. Results of the ANCOVA test 

  Sum of Squares df Mean Square F p η²p 

Overall model 
 

5329.177 
 

2 
 

2664.589 
 

43.885 
 

< .001 
 

  
 

Model 
 

4352.822 
 

1 
 

4352.822 
 

54.868 
 

< .001 
 

0.490 
 

Scientific literacy 
 

976.355 
 

1 
 

976.355 
 

12.307 
 

< .001 
 

0.178 
 

Residuals 
 

4521.976 
 

57 
 

79.333 
 

  
 

  
 

  
 

Based on the ANCOVA results presented in the table above, the overall model was highly 

significant, with F = 54.868, p < 0.001, and partial η² = 0.490. The partial η² value of 0.490 

indicates a very large effect size, suggesting that the Problem-Based Learning (PBL) model 

accounted for 49.0% of the variance in fifth-grade elementary students’ critical thinking skills 

in science, after statistically controlling for differences in students’ scientific literacy. 

The covariate of scientific literacy also demonstrated a significant effect on critical 

thinking, with F = 12.307, p < 0.001, and partial η² = 0.178. This partial η² value indicates a 

large effect size, meaning that scientific literacy explains 17.8% of the variance in critical 

thinking ability after controlling for other variables. These findings confirm that scientific 

literacy and critical thinking are two fundamental cognitive constructs in science learning. 

Although the ANCOVA results confirm a significant effect of the instructional model on 
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critical thinking skills, ANCOVA only provides information regarding the presence or absence 

of differences between the compared groups (experimental and control) and the magnitude of 

these effects, without explicitly quantifying the direction of differences between specific group 

pairs. Therefore, a post hoc analysis using Tukey’s Honestly Significant Difference (HSD) test 

was employed as a follow-up comparison procedure, adjusted for the influence of the covariate.  

The post hoc test results comparing the PBL group and the control (conventional) group, 

using estimated marginal means with Tukey adjustment, revealed a highly significant 

difference in mean scores (Mean Difference = 17.710, SE = 2.391, t(57) = 7.407, p(Tukey) < 

.001). This finding indicates that, after controlling for initial differences in science literacy as 

a covariate, students who received PBL instruction achieved, on average, 17.71 points higher 

in critical thinking scores than those who received conventional instruction. The magnitude of 

this difference provides strong evidence that PBL is more effective than conventional learning 

in fostering students’ critical thinking skills within the context of elementary science education. 

These findings are consistent with a substantial body of research confirming the 

effectiveness of Problem-Based Learning (PBL) in fostering critical thinking skills. Hmelo-

Silver (2004), in a comprehensive review, concluded that PBL consistently enhances higher-

order thinking abilities, as its problem-centered instructional structure compels students to 

engage in deep cognitive processes, including problem analysis, evaluation of alternative 

solutions, and the synthesis of new knowledge. Furthermore, Yew and Goh (2016) emphasized 

that the key mechanism underlying the effectiveness of PBL lies in the cognitive elaboration 

that occurs during collaborative inquiry, wherein students not only construct conceptual 

understanding but also develop metacognitive capacities, which are essential components of 

critical thinking. 

This effect size (partial η² = 0.490) can be explained by several contextual factors: (1) 

the use of authentic problems contextualized around local environmental issues enhances 

students’ relevance and intrinsic motivation (Savery, 2015); (2) the six-week intervention 

period provided sufficient time for the internalization of critical thinking processes (Sinaga, 

2024); and (3) statistical control for science literacy via ANCOVA yielded effect estimates that 

were more free from initial confounding factors. In the context of science education in 

Indonesian elementary schools, these results demonstrate the effectiveness of PBL in 

enhancing learning motivation and higher-order thinking skills (Arrohima, 2025; Handayani et 

al., 2023). The uniqueness of this study lies in the combination of three methodological 

innovations: the use of ANCOVA with covariates from cognitive diagnostic assessment data 

in accordance with the Merdeka Curriculum guidelines, as well as the reporting of Tukey’s 

post hoc test, which provides an explicit quantification of differences between groups (Mean 

Difference = 17.710). This combination yields far stronger empirical evidence compared to 

previous studies that used only a simple t-test without controlling for covariates. 

Estimated marginal means (adjusted means) for each group after controlling for science 

literacy are presented in Table 6. 

Table 6. Estimated marginal means of critical thinking 
 

95% Confidence Interval (CI) 

Model Mean SE Lower Upper 

PBL 
 

84.060 
 

1.630 
 

80.796 
 

87.324 
 

CONV 
 

66.350 
 

1.688 
 

62.970 
 

69.729 
 

As shown in Table 6, after statistically controlling for individual differences in science 

literacy, the PBL group obtained an adjusted mean critical thinking score of 84.060 (SE = 

1.630, 95% CI [80.796, 87.324]), compared to an adjusted mean of 66.350 (SE = 1.688, 95% 

CI [62.970, 69.729]) for the control group. The adjusted mean difference between groups was 

17.710 points (SE = 2.391, t (57) = 7.407, p < .001), indicating that students who received PBL 

instruction scored substantially higher on critical thinking after accounting for their initial 

science literacy levels. These findings indicate that, within the constraints of this single-school 
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study, PBL was associated with significantly higher critical thinking scores compared to 

conventional instruction after controlling for science literacy. 

The Role of Science Literacy as a Covariate 

The study revealed an interesting methodological finding: the significant contribution of 

science literacy as a covariate to critical thinking skills (partial η² = 0.178). This finding 

empirically confirms the theoretical proposition that science literacy serves as a cognitive 

foundation that facilitates the development of critical thinking in science education (OECD, 

2023; Rahayuni, 2016). Students with higher science literacy on the initial diagnostic 

assessment demonstrated better critical thinking skills on the post-test, regardless of the 

instructional model they received. This is consistent with the PISA theoretical framework, 

which positions science literacy as an integrative capacity encompassing epistemic, conceptual, 

and procedural knowledge dimensions that directly support the critical thinking process 

(OECD, 2023). In this context, the Programme for International Student Assessment (PISA) 

framework conceptualizes scientific literacy as an integrative capacity encompassing three core 

competency dimensions: explaining phenomena scientifically, evaluating and designing 

scientific enquiry, and interpreting data and scientific evidence. These three dimensions are 

inherently associated with higher-order cognitive processes and substantially overlap with key 

components of critical thinking, particularly within the domains of analysis, evaluation, and 

inference. Students who demonstrate higher levels of scientific literacy are, therefore, 

structurally equipped with more advanced cognitive capacities, enabling them to engage more 

effectively in critical thinking processes within scientific contexts (Khery et al., 2022; Yanto 

& Sari, 2025). 

The finding that science literacy accounts for 17.8% of the variance in critical thinking 

is consistent with and reinforces a number of previous empirical studies. Thus, the study of 

prospective teacher students found a significant positive correlation between science literacy 

and critical thinking skills, and concluded that science literacy serves as a cognitive foundation 

that facilitates the development of critical thinking in the context of science education  (Basri, 

2025; Wahdiyana, 2025). This is in line with that, Sadler et al., (2017) found that engagement 

with socioscientific issues requiring scientific literacy consistently enhances students’ critical 

thinking skills, as the process of evaluating controversial scientific claims forces students to 

integrate scientific knowledge with argumentative reasoning. In the context of elementary 

school, Fragkiadaki & Ravanis, (2021) found that children with a stronger conceptual 

understanding of science demonstrated greater ability to construct causal explanations and 

evaluate claims, which are core dimensions of critical thinking skills.  

Several limitations must be acknowledged. This study was conducted at a single school 

with one class per condition and a limited total sample of 60 students, which substantially limits 

generalizability. The absence of a critical thinking pre-test means that pre-existing differences 

in critical thinking between classes cannot be directly ruled out. Teacher and classroom effects 

cannot be fully excluded, as each condition was taught by a different teacher. The critical 

thinking instrument was developed specifically for the harmonious ecosystems topic and its 

transferability to other science topics or grade levels requires empirical verification. 

Additionally, construct validity of the critical thinking instrument in this study was established 

through expert-based content validation and internal consistency evidence; examination of the 

factor structure through EFA or CFA on a larger sample is recommended in future research to 

further strengthen construct validity evidence. Results should therefore be interpreted as 

indicative rather than definitive, and caution is warranted against strong causal claims. 

CONCLUSION  

This study provides empirical evidence that the Problem-Based Learning (PBL) model 

exerts a statistically significant and superior effect on the critical thinking skills of fifth-grade 

elementary school students in science learning compared to conventional instruction, after 
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controlling for initial differences in scientific literacy between groups as a covariate. This 

finding is supported by a very large effect size (partial η² = 0.490) and an adjusted mean 

difference of 17.71 points, further confirmed by Tukey’s post hoc test (p < 0.001). These results 

indicate that PBL is not merely an alternative classroom activity but rather a substantively and 

measurably more effective instructional model for enhancing elementary students’ critical 

thinking capacities in the context of science education. A further finding reveals that scientific 

literacy functions as a strong cognitive predictor of critical thinking (partial η² = 0.178, p < 

0.001). This suggests that students’ prior abilities to understand, interpret, and evaluate 

scientific phenomena inherently facilitate the development of critical thinking skills in science 

learning. Methodologically, this study supports the utilization of cognitive diagnostic 

assessment data, as mandated by the Kurikulum Merdeka, as a valid and meaningful supporting 

variable in instructional processes. 

RECOMMENDATION 

Based on the findings of this study, it is recommended that future research explore the 

moderating role of science literacy in the relationship between Problem-Based Learning (PBL) 

and critical thinking using moderation regression analysis. Additionally, replicating this 

research design with a larger sample is necessary to strengthen the generalizability of the 

findings. Further research should also focus on identifying the specific dimensions of critical 

thinking that are most responsive to PBL interventions, thereby providing clearer operational 

guidance for teachers in designing instructional practices. Several challenges need to be 

anticipated in future studies, particularly the limited transferability of critical thinking 

instruments developed within the context of specific science topics, such as the theme of 

“harmonious ecosystems.” Therefore, cross-content and cross-grade-level research remains 

essential to expand the generalizability of these findings. 
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