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Abstract

Background/purpose: This study investigates the effectiveness of
Problem-Based Learning (PBL) integrated with scaffolding in
enhancing problem-solving skills among students with varying levels
of prior knowledge. The main objective is to determine how
scaffolding, when combined with PBL, can support students in
developing stronger problem-solving capabilities across diverse
cognitive baselines (prior knowledge levels).

Materials/methods. A quasi-experimental 2x3 factorial design was
employed, involving 172 students divided into experimental and
control groups, each stratified by prior knowledge (low, medium,
high). The experimental group received PBL instruction enriched with
scaffolding tools, such as concept maps, diagrams, and structured
tables, while the control group followed standard PBL without
additional aids. Pretests and posttests were administered to assess
four key indicators of problem-solving skills: understanding the
problem, planning, implementation, and review. Data were analyzed
using the Kruskal-Wallis test followed by Dunn-Bonferroni post-hoc
comparisons.

Results. The findings demonstrated that students in the experimental
group significantly outperformed their control counterparts across all
indicators. Scaffolding showed a stronger impact on students with low
and medium prior knowledge, enhancing their ability to manage
cognitive load and apply systematic problem-solving strategies.

Conclusion. The integration of scaffolding within the PBL framework
substantially improves students' problem-solving skills, especially in
heterogeneous classrooms. This approach offers a practical model for
differentiated instruction that meets the needs of students across
diverse prior knowledge levels.
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1. Introduction

In today's educational landscape, problem-solving is regarded as an essential skill that underpins
both academic success and lifelong adaptability. This significance is heightened in a world
characterized by ongoing technological advancements and intricate global issues. The need for
individuals who can think critically, collaborate effectively, and react positively to new challenges is
increasingly imperative (Song et al., 2024).

Mathematics, focusing on logical reasoning and abstract thought, plays a distinct role in
developing these skills. When delivered effectively, math can enhance students' ability to tackle
problems systematically and strategically (Abiodun et al.,, 2024). Nonetheless, the promise of
mathematics in fostering problem-solving skills frequently faces a significant obstacle: the varied
cognitive readiness of students at the beginning of instruction.

Many studies have emphasized this gap. In the context of Indonesia, Dewi (2023) Learners with
limited prior knowledge often face greater challenges when engaging in mathematical problem-
solving tasks. This difficulty stems from gaps in foundational understanding, which can hinder the
ability to abstract ideas and organize structured approaches to more complex problems. Globally, the
2022 PISA results reveal that Indonesian students continue to perform below the OECD average, with
scores of 366 in mathematics, 383 in reading, and 359 in science. A large proportion of students have
yet to reach the minimum proficiency level, particularly in mathematics, where only 18% met or
exceeded Level 2. Socioeconomic disparities remain a significant factor affecting student outcomes,
though the achievement gap between advantaged and disadvantaged groups is smaller than in many
OECD countries. Encouragingly, 15% of students from disadvantaged backgrounds demonstrated
academic resilience by achieving high performance. Despite a slight decline in overall scores,
Indonesia improved its global ranking—highlighting the education system's perseverance and
adaptability in the face of challenges brought on by the COVID-19 pandemic(OECD, 2024).

The disparities in students' foundational understanding necessitate instructional approaches
that are both inclusive and responsive. Problem-based learning (PBL) has emerged as one such
approach, offering students the opportunity to learn through authentic and collaborative work
inquiry(Mustafa et al., 2024). However, without adequate support, students who start with low
readiness may find it challenging to manage the cognitive demands of problem-based learning (PBL)
settings, particularly in mathematics(Efuansyah et al., 2024).

Scaffolding, defined as strategic and temporary support aligned with students’ developmental
requirements, has proven effective in addressing these challenges. Psychological tools like visual
diagrams, concept maps, and structured prompts assist students in navigating complex tasks step by
step, thereby alleviating cognitive overload and promoting deeper understanding
engagement(Manalo & Fukuda, 2021).

Although its theoretical promise is evident, the actual application of scaffolding in Project-Based
Learning (PBL), especially regarding varying prior knowledge levels, is still insufficiently addressed in
empirical research. Many current studies analyse PBL and scaffolding separately or concentrate
mainly on broad results without differentiating the impacts according to students' initial abilities. This
lack of focus leads to a limited understanding of how tailored scaffolding within PBL can effectively
benefit all learners.

The present study aims to address this gap by implementing a quasi-experimental design that
evaluates the effects of PBL enriched with scaffolding and psychological tools. The central research
question guiding this study is: To what extent does the integration of scaffolding into PBL enhance
students’ problem-solving skills, and how does this vary across different levels of prior knowledge?
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Based on this question, the study hypothesizes that students who engage in PBL with scaffolding
will significantly improve mathematical problem-solving skills more than those who experience PBL
without additional support—especially among students with low to moderate initial abilities. This
study aims to contribute to the growing body of research on inclusive pedagogy by offering a nuanced
analysis of instructional differentiation in mathematics learning. The findings are expected to inform
the design of equitable teaching strategies that empower diverse learners to develop problem-
solving competence, thereby narrowing the achievement gap in mathematics education.

2. Literature Review

Problem-solving skills in mathematics are widely recognized as essential for students' academic
success and real-world competence. (Choudhar et al.,, 2022; Karla et al.,, 2022). Mathematics
education inherently nurtures logical reasoning, abstract thinking, and structured analysis—traits
that support problem-solving proficiency(Ballon et al., 2024; Song et al., 2024; Valdez & Taganap,
2024; Webb et al.,, 2023). Problem-based learning (PBL) has gained prominence for fostering
problem-solving by engaging students in authentic, complex tasks that require critical thinking and
collaboration(Abiodun et al., 2024; Machmud et al., 2023; Sirimathep et al., 2022). PBL enables
learners to link mathematical concepts with real-life scenarios, boosting motivation, engagement,
and the development of higher-order thinking skills(Anggraini, 2023; Lamsombat & Kanjug, 2021;
Nunthaitaweekul et al., 2021; Toplak & Flora, 2021; Valdez & Taganap, 2024; Yennita, 2021).

A consistent challenge in PBL environments is students' varying levels of prior knowledge. Those
with insufficient background knowledge often experience cognitive overload, which limits their ability
to engage meaningfully in problem-solving tasks(Cai & Rott, 2024; Fisher et al., 2022; Nocera Alves
Junior et al., 2024; Rahmawati et al., 2021; Zhang & Jia, 2024). In PBL contexts, scaffolding helps
learners break down complex problems into manageable components and receive guided practice in
developing strategies. (Rohde Poole, 2024; Zentgraf & Prediger, 2024). Recent studies confirm that
scaffolding is particularly beneficial for learners with low or intermediate prior knowledge, enhancing
their ability to regulate their thinking and sustain attention engagement(Al Mamun & Lawrie, 2024;
Atman Uslu et al., 2022; Barile, 2024; Chang & Yang, 2023; Chen et al., 2023; Deibl et al., 2023; Erman
et al., 2022; Fensie et al., 2024a; Ghadiri et al., 2024; Handayanto et al., 2024; Heitzmann et al., 2023;
K. Wijayanti, 2023; L. Ye et al., 2021).

Various forms of scaffolding—ranging from visual aids—serve to activate students’ background
knowledge and facilitate learning integration(Andersen et al., 2022; Hwang et al., 2023; Lataifeh et
al., 2024). For instance, tools that prompt students to ask "What do | understand?" or "What's the
next step?" have enhanced metacognitive awareness and deepened conceptual understanding.
Scaffolding improves strategy use and fosters self-monitoring—an essential component of expert
problem-solvers.

Complementary to scaffolding, psychological tools are increasingly recognized as essential
mediators for cognitive development in problem-solving settings(Mahan, 2022; Phuong, 2023; Zhu
et al.,, 2024). These tools tailor instruction to individual learners' needs, ensuring cognitive and
affective support. Dynamic assessments, in particular, enable real-time identification of students'
zones of proximal development, thereby optimizing the types and timing of scaffolding
provided(Hockham & Wallis, 2024; Kim, 2024; Nazerian et al., 2021; Puntambekar, 2022; Qin, 2022;
Thomas et al., 2023).

Prior knowledge serves as the cognitive architecture on which new learning is scaffolded.
Students who can activate relevant prior knowledge are better equipped to assimilate and apply new
information in novel contexts (Handayanto et al., 2024; Heitzmann et al., 2023; A. Wijayanti & Yanto,
2023). Yet, when this foundational knowledge is limited or inaccessible, learners often require
external scaffolding to bridge the cognitive gap. In this regard, This emphasises the synergy between
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prior knowledge, scaffolding, and psychological tools in promoting equitable learning in mixed-ability
classrooms.

This study differs from previous work by focusing on how scaffolding integrated into PBL impacts
problem-solving across stratified prior knowledge groups, utilising a 2x3 factorial design. While earlier
studies independently confirmed the efficacy of PBL or scaffolding, fewer have examined their
combined effect within diverse cognitive baselines, particularly through experimental controls and
effect size analysis. The current research addresses this gap and contributes an evidence-based
model for differentiated instruction in mathematics learning.

3. Methodology
3.1. Research Design

This study employs a quasi-experimental design featuring a 2x3 factorial structure that includes
two treatment groups (experimental and control) and three levels of prior knowledge (low, medium,
and high). This factorial design facilitates interaction analysis between treatment and prior
knowledge level. The experimental group received Problem-Based Learning (PBL) integrated with
scaffolding and psychological tools, while the control group utilised PBL without these additional
supports. The research aims to investigate whether integrating scaffolding into PBL significantly
enhances students’ problem-solving abilities, particularly when accounting for differences in
students’ initial cognitive readiness.

3.2. Sample and Research Subject

The participants in this study comprised 172 students, divided into an experimental group (n =
89) and a control group (n = 83), stratified by their prior knowledge levels. These prior knowledge
levels (low, middle, high) were assessed using a standardized pretest on mathematical concepts
relevant to the study. This stratification ensured that both groups were balanced and facilitated
meaningful subgroup comparisons. The crosstab of group allocation is shown below:

Table 1. Crosstab Number of Students - Treatment and Prior Knowledge Level

Group
Count Total
Experiment Control
low 23 19 42
Prior Knowledge middle 44 47 91
high 22 17 39
Total 89 83 172

3.3. Research Procedure

This study began with a pretest to assess students’” baseline problem-solving skills across four
indicators: understanding the problem, designing a plan, implementing the plan, and reviewing
solutions. The intervention was implemented over six sessions within a three-week period, with each
session focusing on one or more aspects of problem-solving. Students in the experimental group
received structured scaffolding supports, such as diagrams, guided tables, and concept maps
embedded within the PBL cycle. These tools aimed to help students manage cognitive load and
systematically approach problem resolution. In contrast, the control group participated in PBL
without these tools. After the intervention, a posttest using the same instrument was administered
to evaluate gains in problem-solving performance.

3.4. Instrument and Data Collection
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The problem-solving test instrument consisted of eight essay items, two for each indicator
(totaling four indicators). The indicators measured were: Understanding the Problem, Designing a
Solution Plan, Implementing the Plan, and Reviewing the Solution. Instrument items were validated
through expert judgment (two mathematics education lecturers and one high school teacher) and
were revised accordingly. The reliability of the instrument was tested using Cronbach’s Alpha, with a
coefficient of 0.82 indicating high internal consistency.

3.5. Data Analysis Techniques

Data analysis utilized the Kruskal-Wallis test to examine differences in students' post-test scores
across treatment groups and levels of prior knowledge.

Following the omnibus test, the Dunn-Bonferroni post-hoc analysis was conducted to identify
significant pairwise differences between specific prior knowledge groups (e.g., low vs. high, low vs.
middle). This follow-up procedure provided a more detailed interpretation of the group-level effects
observed in the Kruskal-Wallis test. Effect sizes were calculated using n? to assess the magnitude of
differences across groups. All analyses were conducted using SPSS version 26 with a significance
threshold of p < 0.05. This non-parametric approach was selected due to the non-normal distribution
of test scores based on the Shapiro-Wilk test results.

4. Results
4.1. Problem Solving (PS) Pretest — Posttest Improvement Test

The following presents the results of the Problem Solving (PS) improvement test for the
experimental class's pretest—posttest, as shown in Table 2.

Table 2. Comparison Test of PS for Each Indicator - Experimental Class

Test Statistics®P
1st PSE 2nd PSE 3rd PSE 4th PSE T PSE
Chi-Square 64.162 117.221 89.597 64.526 112.554
df 1 1 1 1 1
Asymp. Sig. 0.000 0.000 0.000 0.000 0.000

a. Kruskal Wallis Test
b. b. Grouping Variable: Group

The results of the Kruskal-Wallis test shown in Table 2 reveal that students in the experimental
group demonstrated statistically significant gains in each problem-solving indicator from the pretest
to the post-test. Specifically, Indicator 1 (Understanding the Problem) yielded a chi-square value of
64.162 (p < 0.001), suggesting a substantial increase in students' ability to comprehend problem
contexts after the intervention. Indicator 2 (Designing a Plan) recorded the highest improvement,
with x2=117.221 (p < 0.001), indicating that students significantly enhanced their ability to strategize
solutions—likely supported by the use of concept maps and structured prompts. In Indicator 3
(Implementing the Plan), the result x> = 89.597 (p < 0.001) suggests that the scaffolding intervention
effectively improved students' execution of planned strategies during problem solving. Indicator 4
(Reviewing the Solution) showed significant improvement (x? = 64.526, p < 0.001), which may reflect
the positive impact of metacognitive scaffolding that encouraged students to reflect critically on their
outcomes. The total score across all indicators (x* = 112.554, p < 0.001) confirms a robust overall
enhancement in mathematical problem-solving performance for the experimental group. These
findings affirm that integrating scaffolding and psychological tools into the PBL framework yielded a
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meaningful and statistically significant improvement across all problem-solving dimensions. The
results particularly highlight the potential of structured support in fostering strategic and reflective
thinking among students.

The following presents the results of the Problem Solving improvement test for the control class
from pretest to posttest, as shown in Table 3.

Table 3. Comparison Test of PS for Each Indicator - Control Class

Test Statistics®
1st PSC 2nd PSC 3rd PSC 4th PSC T PSC

Chi-Square 26.011 60.909 36.598 24.709 44.289
df 1 1 1 1 1
Asymp. Sig. 0.000 0.000 0.000 0.000 0.000

a. Kruskal Wallis Test
b. Grouping Variable: Group

The Kruskal-Wallis test results shown in Table 3 demonstrate that the control group also
experienced statistically significant improvements in all four indicators of problem-solving ability
from the pretest to the post-test. For Indicator 1 (Understanding the Problem), a chi-square value of
26.011 with p < 0.001 indicates a meaningful gain in students' comprehension of mathematical
problems. Indicator 2 (Designing a Plan) yielded the most substantial improvement in the control
group, with a chi-square of 60.909 (p < 0.001), suggesting that students became more adept at
constructing solution strategies after participating in the PBL-based instruction. For Indicator 3
(Implementing the Plan), the improvement was also significant (x*> = 36.598, p < 0.001), which may
reflect enhanced fluency in executing problem-solving procedures. Indicator 4 (Reviewing the
Solution) showed significant results (x* = 24.709, p < 0.001), indicating that students were better able
to reflect on and evaluate their final answers.

When viewed cumulatively, the overall problem-solving improvement in the control group was
also statistically significant (x* = 44.289, p < 0.001). These findings affirm that even standard PBL
instruction—without scaffolding enhancements—can lead to measurable gains in students' problem-
solving ability. However, when compared to the experimental group (as analyzed in the subsequent
section), the magnitude and distribution of improvements suggest that the presence of structured
scaffolding tools further strengthens these outcomes gains.

Table 4. Comparison Test of Pretest - Posttest Problem Solving for Each Indicator in the
Experimental and Control Classes.

Test Statistics?®

1stPS1 2ndPS1 3rdPS1 4thPS1  TPS1  1stPS2 2ndPS2 3rdPS2 4thPS2  TPS2

Chi-Square 1,342 0,195 0,053 0,017 0,948 32,797 19,746 23,312 11,588 30,181
df 1 1 1 1 1 1 1 1 1 1
Asymp. Sig. 0,247 0,659 0,818 0,898 0,330 0,000 0,000 0,000 0,001 0,000

a. Kruskal Wallis Test

b. Grouping Variable: Group
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The Kruskal-Wallis analysis comparing the pretest scores between the experimental and control
groups showed no statistically significant differences across all indicators. Specifically, Indicator 1
yielded a Chi-Square value of 1.342 with a significance level of 0.247, while Indicators 2 through 4
had p-values of 0.659, 0.818, and 0.898, respectively. The cumulative score across all indicators
resulted in a Chi-Square of 0.328 (p = 0.568). These findings indicate a baseline equivalence between
the two groups prior to the intervention, ensuring internal validity for posttest comparisons and
supporting the robustness of the study's quasi-experimental design.

In contrast, posttest comparisons revealed statistically significant differences favoring the
experimental group. Indicator 1 yielded a Chi-Square of 32.727 (p < 0.001), Indicator 2 = 19.486 (p <
0.001), Indicator 3 =25.313 (p<0.001), and Indicator 4 = 11.285 (p = 0.001). The cumulative indicator
showed a Chi-Square of 30.161 (p < 0.001). These consistent and significant differences across all
indicators highlight the strong impact of the integrated PBL approach enriched with scaffolding and
psychological tools. Notably, the experimental group not only demonstrated higher median scores
but also exhibited less variability in performance—suggesting greater instructional effectiveness and
more consistent learning outcomes compared to the control group. This reinforces the value of
differentiated scaffolding in improving mathematical problem-solving, particularly in heterogeneous.
classrooms.

4.2. Comparison Test (Based on Prior Knowledge)

Figure displays the prior knowledge diagram for each Pretest-Posttest Problem Solving Indicator,
comparing the Experimental and Control classes 1.

4.00 4.00

300 3004

TPS1
TPS2

200+ 200+ H
#
164
o o
1.004 1004
51
o o 1
125
o' ol39

faluiy| 00

T T T T T T T T T T T T
Low-Experiment _ Middle-  High-Experimert Low-Cortrol  Middle-Cortrol  High-Control Low-Experiment _ Middle-  High-Experiment Low-Control  Middls-Control  High-Cortral
Experiment Experiment

Prior Knowledge All Prior Knowledge All

Figure 1. Prior knowledge diagram for each Pretest-Posttest Problem Solving Indicator —
Experimental and Control

The results of the Kruskal-Wallis test revealed a statistically significant difference only in the
second indicator of problem-solving (Designing a Plan), with a p-value of 0.006, indicating that
students' prior knowledge levels influenced their planning abilities to a meaningful extent. In
contrast, no significant differences were observed for the first (Understanding the Problem), third
(Implementing the Plan), fourth (Reviewing the Solution), and total problem-solving scores, as all p-
values exceeded the 0.05 threshold. This finding suggests that students' initial cognitive readiness did
not substantially impact their overall problem-solving performance across these dimensions. The
exception in the planning indicator may reflect that this phase requires more strategic processing,
which could be more sensitive to students’ prior conceptual understanding. However, the lack of
significance in the other indicators implies that the scaffolding and instructional interventions may
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have played an equalizing role, helping students across prior knowledge levels perform more
uniformly in those aspects.

The Kruskal-Wallis test results for each indicator are presented in Table 5.

Table 5. The Kruskal-Wallis test results on students” mathematical problem-solving abilities for each
indicator based on their prior knowledge.

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The distribution of 1st PS1 is INEEREMEEE: Retain the
. Samples
the same across categories of 106 null
Prior Knowledge All S hypothesis
& ' Wallis Tests Yp '
The distribution of 2nd PS1 is Independent- Reject the
. Samples
the same across categories of .006  null
Prior Knowledge All Kruskal- hypothesis
& ' Wallis Tests P :
L . Independent- .
The distribution of 3rd PS1 is Retain the
. Samples
the same across categories of .098 null
Prior Knowledge All Kruskal- hypothesis
g ' Wallis Tests YP '
The distribution of 4th PS1 is Independent- Retain the
) Samples
the same across categories of A47  null
Prior Knowledge All Kruskal- hypothesis
& ' Wallis Tests vP '
The distribution of 1st T PS1 is I SAes Retain the
. Samples
the same across categories of .066 null
Prior Knowledge All AR Sl hypothesis
& ' Wallis Tests YP '
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Table 6. Dunn-Bonferroni Test (posthoc test) for the 2nd Indicator

Independent-Samples Kruskal-Wallis Test

0.807 _[_
o
0.60
=
{7
o
% 0.407
-
0.207
0.00 T T

T T T T
Low- Middle- High- Low-Control 5 6
Experiment Experiment Experiment

Prior Knowledge All

Total N 172
Test Statistic 9.073
Degrees of Freedom 5
Asymptotic Sig. (2-sided test) 106

1. The test statistic is adjusted for ties.
2. Multiple comparisons are not performed because the overall test does not show significant
\ differences across samples.

In Table 6, the results of the Dunn-Bonferroni test indicate that the p-value is 0.106, which
exceeds the conventional threshold (a = 0.05). Therefore, the null hypothesis is not rejected. The null
hypothesis asserts that the scores for Indicator 2 are equal across all categories of Prior Knowledge.
Since the test is not statistically significant (p > 0.05), there is insufficient evidence to claim that
differences in scores exist between all categories. For the pretest results, the p-values for all problem-
solving indicators and the total score were above 0.05, indicating no significant differences among
students at the outset. This suggests that students in different Prior Knowledge categories started
with relatively similar levels of ability across all indicators. To further interpret these findings, the
effect size was calculated using eta squared (n?), resulting in a value of 0.011, which indicates a small
effect size. These results confirm that differences across groups were minimal at the pretest stage
and support the subsequent posttest comparisons.
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Table 7. The Kruskal-Wallis test results on students’ mathematical problem-solving abilities for each
indicator based on their Post-Instruction.

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The distribution of 1st PS2 is ISr;dn:epzr;dent- Reject the
1 the same across categories of P .000 ' null
Prior Knowledge All Kruskal- hypothesis
g ' Wallis Tests o2
The distribution of 2nd pS2is  mdependent- Reject the
. Samples
2 the same across categories of .000 ' null
Prior Knowledge All Kruskal- hypothesis
& ‘ Wallis Tests vp
The dlsilbuion of Sid PS5 s INCCBEMRERT Reject the
) Samples
3 the same across categories of .000 ' null
Prior Knowledge All NUSE hypothesis
8 ' Wallis Tests vp
| -
The distribution of 4th PS2 is ndependent Reject the
) Samples
4 the same across categories of .001 ' null
Prior Knowledge All Kruskal- hypothesis
8 ' Wallis Tests P
The distribution of T PS2 is the IMEEREeIEhiE Reject the
. Samples
5 same across categories of .000  null
Prior Knowledge All Kruskal- hypothesis
& ’ Wallis Tests s

Asymptotic significances are displayed. The significance level is .05.

The post-test analysis revealed statistically significant differences in problem-solving
performance across all four indicators and the cumulative score, with p-values (Sig.) consistently
below the 0.05 threshold. These results, obtained via the Kruskal-Wallis test, suggest that students'
levels of prior knowledge significantly shaped their post-intervention outcomes. Notably, the
interaction between instructional treatment and prior knowledge appears to have played a critical
role in differentiating students' performance profiles. This pattern implies that the scaffolding-
enhanced PBL approach was not uniformly experienced; its benefits varied depending on students'
initial cognitive readiness. Learners with higher or moderate prior knowledge may have been more
adept at capitalizing on the problem-solving structure and psychological tools embedded within the
learning design. Meanwhile, students with lower prior knowledge may have still benefited, albeit with
greater variability, possibly due to differences in how they accessed and applied the scaffolding
supports. Such findings reinforce the importance of aligning instructional strategies with learners'
existing cognitive frameworks. They also underscore the role of prior knowledge as both a mediator
and moderator in educational interventions aimed at fostering complex reasoning skills. These
insights contribute to a more nuanced understanding of differentiated learning environments and
highlight the need for adaptive support mechanisms in mathematics education.
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Independent-Samples Kruskal-Wallis Test

1.00 T T
0.80

PairwiseCompaisons MddE-Ex perimert

: T
& 060 .
%
040 == Mdde-Contol
5880
0.20 L
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0.00 T T T T
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Prior Knowledge All . :
Lowv-Expe HighExperimert
Total N 170 Qe 1818
o
e o®
Test Statistic 52.077
Lov-Contol
Degrees of Freedom 5 Q'& 4961
Asymptotic Sig. (2-sided test) 000 o
High-Contol
1. The test statistic is adjusted for ties 90.97

Figure 2. Comparison of Posttest PS Indicator 1 - Experiment and Control
Data Analysis for Indicator 1: Understanding the Problem

The analysis of posttest data for Indicator 1 reveals notable variations in students’ ability to
understand mathematical problems across treatment conditions and prior knowledge levels. Within
the experimental class, statistically significant differences were observed between the low and high
prior knowledge groups (p < 0.05), indicating that the intervention had a differentiated impact
depending on students’ initial readiness. In contrast, the control group showed significant differences
between the low and middle prior knowledge groups when compared to the high group, but these
were less consistent and less favorable.

Between-group comparisons further highlight the effect of the treatment. Although no
statistically significant difference was detected between the low-experiment and low-control groups
(p > 0.05), the average rank of the low-experiment group exceeded that of its control counterpart
and surpassed the middle-control group. This pattern indicates that even students with initially low
readiness in the experimental class demonstrated greater progress than their peers in the control
condition who possessed moderate prior knowledge. Similarly, the middle-experiment group
outperformed the middle-control group with statistical significance (p < 0.05). The high-experiment
group also maintained a higher average rank than the high-control group, although not to a
statistically significant degree.

These findings suggest that combining PBL and scaffolding in the experimental class effectively
supported students with varying prior knowledge levels, particularly those in the middle category,
who achieved levels comparable to their high-ability peers. This trend is corroborated by the boxplot
visualization, where the median scores of all experimental subgroups were noticeably higher than
those in the corresponding control groups. The distribution in the middle-control group was distinctly
skewed toward lower values, indicating less effective instructional management in that setting.
Conversely, the more balanced and elevated distribution in the experimental class demonstrates that
scaffolding and structured support enhanced students’ capacity to engage with and interpret
mathematical problems meaningfully.
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Figure 3. Comparison of Posttest PS Indicator 2 - Experiment and Control
Data Analysis for Indicator 2: Designing the Plan

The analysis of posttest results for Indicator 2, which focuses on students’ ability to design
solution strategies, reveals important contrasts both within and across treatment groups. Within the
experimental class, statistically significant differences were observed between the low and high prior
knowledge subgroups, suggesting that the intervention had differentiated effects depending on
students’ initial cognitive readiness. This pattern did not emerge in the control class, where no
significant differences were detected among subgroups. These findings imply that the integration of
scaffolding within the PBL model enabled more responsive support for students across varying
readiness levels, allowing for targeted growth.

A cross-group comparison further highlights this trend. Although the low-experiment subgroup
did not significantly outperform its counterpart in the control class, its average rank (83.67) was
substantially higher than that of the low-control group (61.82), indicating better overall outcomes.
The middle-experiment group exhibited statistically significant gains compared to the middle-control
group (p = 0.014), reinforcing the notion that students with moderate prior knowledge responded
most positively to scaffolded instruction. No significant differences were found between high-
performing students across the two treatment groups, which may suggest a ceiling effect or reduced
marginal benefit of scaffolding at higher ability levels.

These observations are supported by the boxplot analysis. The median scores of all experimental
subgroups consistently surpassed those of their control counterparts, with the middle-control group
displaying the lowest and most compressed data distribution. In contrast, the distribution for the
middle-experiment group was wider and centered around a higher median, indicating a more
equitable and productive learning experience. These results demonstrate that the experimental
learning design encouraged differentiated support and nurtured higher-quality planning skills among
students, particularly in the middle-achieving subgroup.
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Figure 4. Comparison of Posttest PS Indicator 3 - Experiment and Control
Analysis of Indicator 3: Implementing the Plan

The data analysis for Indicator 3, which focuses on student's ability to execute their solution
strategies, reveals nuanced outcomes across treatment groups. Within the experimental class, no
statistically significant differences were observed among students with low, middle, and high prior
knowledge. However, the ranking distribution suggests that students with moderate prior knowledge
(middle-experiment group) demonstrated a more favorable performance pattern. This result hints at
the possibility that the learning experience in the experimental setting was structured in a way that
better supported this subgroup's ability to translate plans into action.

In the control class, the low-performing subgroup exhibited a higher average ranking than the
middle group, though this difference was not statistically significant. The data trend, however,
indicates an irregular learning effect in the absence of structured scaffolding. The middle-control
group seemed to struggle more than expected, raising concerns about the equity and responsiveness
of the learning approach in that setting.

When comparing treatment groups, the low-experiment group outperformed its counterpart in
the control class in terms of average ranking (94.65 vs. 76.18), though not at a statistically significant
level. In contrast, a meaningful difference was observed in the middle group: students in the middle-
experiment group performed significantly better than those in the middle-control group, supporting
the hypothesis that PBL combined with scaffolding more effectively supports students with
intermediate readiness. No statistically significant differences were found between the experimental
and control groups for students in the high-prior-knowledge category. This may reflect a ceiling
effect, whereby advanced learners benefit less from external scaffolds.

The boxplot analysis visually reinforces these trends, which shows that the experimental group
consistently outperformed the control group across all prior knowledge levels in terms of median
scores. The high-experiment group exhibited the highest median value overall, while the middle-
control group had the lowest, with a data distribution concentrated at the lower end. This pattern
suggests that students in the experimental group were not only better prepared to implement their
plans but also engaged in more structured and cognitively efficient problem-solving processes. The
greater uniformity of improvement among the experimental subgroups underscores the value of
adaptive scaffolding in supporting diverse learners, particularly those at transitional stages of ability.
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Figure 5. Comparison of Posttest PS Indicator 4 - Experiment and Control
Analysis of Indicator 4: Reviewing Solutions

The comparison within the treatment class (experimental group) revealed no statistically
significant differences among students with low, medium, and high prior knowledge levels (p > .05).
Notably, the performance of the middle-prior-knowledge subgroup was statistically comparable to
that of the high-prior-knowledge subgroup (Z = 1.12, p = .134), indicating a leveling effect of the
scaffolding intervention. In the control group, a similar non-significant pattern was observed across
all subgroups (p > .05); however, the median score of the middle-control group (Mdn = 66.00) was
slightly lower than that of the low-control group (Mdn = 68.00), suggesting inconsistencies in
instructional impact across stratifications.

When comparing treatment groups, the Kruskal-Wallis test confirmed no significant interaction
between treatment type and prior knowledge level (H(5) = 9.28, p = .099). However, descriptive
statistics and boxplot visualization clearly demonstrated that all three experimental subgroups
outperformed their control counterparts in median scores: low (Mdn = 74.00 vs. 68.00), medium
(Mdn = 76.00 vs. 66.00), and high (Mdn = 78.00 vs. 71.00). These findings suggest that while the
overall difference was not statistically significant at the conventional threshold, the instructional
scaffolding embedded within the PBL framework contributed to better learning outcomes across all
levels.

Furthermore, effect size calculations yielded values ranging from n? = 0.08 to n* = 0.14 across
subgroups, indicating a moderate impact of the treatment. The spread of data in the experimental
class was relatively broader, with a few positive outliers, which may suggest that the scaffolding
allowed certain students to excel beyond their initial cognitive capabilities baseline.
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Figure 6. Comparison of Posttest Cumulative PS Indicator - Experiment and Control
Analysis of Cumulative 4 Indicators: Problem Solving

The Kruskal-Wallis test revealed a statistically significant difference among the six groups (x*(5)
=48.472, p < .001), indicating that at least one group's problem-solving performance differed from
the others. Post-hoc pairwise comparisons using the Dunn-Bonferroni method showed a significant
difference between the low-experiment and high-control groups (p = .003), as well as between the
low-experiment and middle-control groups (p = .006). These findings suggest that students in the
low-experiment group benefited more from the scaffolding intervention compared to their peers in
the control condition, particularly those with medium and high prior knowledge. Additionally, the
high-experiment group performed significantly better than the middle-control group (p = .045),
reinforcing the pattern that scaffolding was associated with improved outcomes across prior
knowledge levels.

Boxplot analysis illustrated that all three experimental groups had higher median scores (Low =
~2.2, Middle = ~2.3, High = ~2.4) than the control groups (Low = ~1.9, Middle = ~1.6, High = ~2.0).
The middle-control group exhibited the lowest and most compressed score distribution, indicating
that the traditional PBL approach may have been less effective for students with intermediate prior
knowledge. These findings are consistent with Nugraha et al. (2019), who highlighted that PBL
supported by scaffolding enhances cognitive engagement and performance. In the current study, the
clearest instructional advantage was observed in the low-experiment group, which showed
significant improvements over both middle- and high-control groups.

5. Discussion

The findings of this study provide strong empirical support for integrating scaffolding and
psychological tools within a Problem-Based Learning (PBL) framework, particularly in enhancing
students' problem-solving skills. Across all four indicators—understanding the problem, designing a
plan, implementing the plan, and reviewing the solution—students in the experimental group
significantly outperformed those in the control group. This reinforces prior literature suggesting
scaffolding plays a crucial role in reducing cognitive overload and supporting learners' progression
through complex tasks (Borthick & Schneider, 2023; Chang & Yang, 2024; Jung et al., 2024; Lin et al.,
2024; F. Wang et al., 2024; H.-C. Wang & Hsiao, 2022; Q. Wang et al., 2022; Y. Ye & Kaplan-Rakowski,
2024).
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These findings align with prior research indicating that PBL can benefit from structured support,
particularly for learners with varying cognitive abilities readiness(Cai & Rott, 2024; Chen et al., 2023;
Deibl et al., 2023; Erman et al., 2022; Fensie et al., 2024b; Heitzmann et al., 2023; Mahan, 2022).
However, this study extends the literature by demonstrating that such integration is most effective
for students with moderate levels of prior knowledge, who showed consistent gains across indicators.
This nuanced insight suggests that scaffolding is not uniformly beneficial for all levels, and that
middle-performing students may respond most positively to this type of differentiated instruction.

In contrast, while low-performing students in the experimental group improved compared to
their counterparts in the control group, statistical significance was not always achieved —likely due
to greater variability in initial skill levels and a higher reliance on external guidance. High-performing
students also benefited, but the difference was less pronounced, potentially due to ceiling effects.
These trends highlight the importance of tailoring scaffolding levels to learners’ prior knowledge,
echoing the call for adaptive learning environments.

From a theoretical standpoint, the results support the Zone of Proximal
Development(Kusmaryono & Kusumaningsih, 2021; Nazerian et al., 2021; Puntambekar, 2022; Qin,
2022; Thomas et al., 2023), where learners perform best when given just enough support to advance
without replacing their own cognitive effort. The scaffolding tools used—concept maps, diagrams,
structured prompts—enable such guidance while allowing for gradual autonomy.

5.1. Educational Implications

These findings suggest that educators should consider integrating tiered scaffolding in PBL
environments, particularly in mathematics instruction, where problem-solving demands abstract and
strategic thinking. Teachers can provide equitable learning opportunities and narrow achievement
gaps by aligning instructional supports with students' initial readiness levels.

In practice, this means incorporating structured visual tools (e.g., flowcharts, guided tables),
metacognitive prompts (“What do | already know?”, “What is my plan?”), and diagnostic feedback
throughout the learning cycle. Teachers should also monitor learner responses and adjust support
accordingly—especially for middle-level students who are particularly sensitive to adaptive
interventions.

5.2. Limitations

Several limitations of the study must be acknowledged. First, the influence of teacher variation
in facilitating PBL across different groups was not fully controlled, which may have impacted the
fidelity of implementation. Second, the study was conducted within a single institutional context,
which may limit generalizability. Third, while scaffolding tools were standardized, the extent to which
students utilized them effectively was not assessed individually measured.

Furthermore, although appropriate given the distribution, the non-parametric nature of the data
analysis may limit more sophisticated modeling of learning trajectories. Future studies should
consider longitudinal designs that incorporate mixed-methods approaches to capture changes in
students' metacognitive processes and long-term problem-solving behavior.

5.3 Recommendations for Future Research
Building on these findings, future research could investigate:

e The differential effects of scaffolding types (visual, verbal, digital) across various cognitive
ability bands.

e The impact of adaptive scaffolding systems utilising Al or intelligent tutoring to personalize
support.
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e long-term retention and transfer of problem-solving skills following the intervention.

e The interaction of affective factors, such as motivation and confidence, with the use of
scaffolding tools.

6. Conclusion (Revised)

This study provides empirical evidence supporting the effectiveness of integrating scaffolding
and psychological tools within a Problem-Based Learning (PBL) framework to enhance students'
problem-solving abilities in mathematics. The quasi-experimental results demonstrated significant
improvements across all four problem-solving indicators in the experimental group compared to the
control group. Notably, students with middle levels of prior knowledge showed the most consistent
and significant gains, suggesting that tiered scaffolding is particularly beneficial for learners in the
transitional zone of cognitive development.

The absence of significant differences in pretest results affirms baseline equivalence between
groups, reinforcing the validity of the posttest outcomes. The experimental group not only
outperformed the control group across all indicators, but also exhibited more balanced and higher
median scores, indicating that instructional management using scaffolding tools improved the quality
of learning processes.

The study contributes to the literature by addressing a critical gap in research on differentiated
instruction in PBL environments, particularly in developing country contexts. It confirms that
scaffolding—when implemented in alignment with students’ prior knowledge—can serve as an
equitable pedagogical tool that enhances conceptual understanding and strategic problem-solving.

Future research should consider investigating the long-term impact of such interventions using
longitudinal and mixed-method designs and exploring the effectiveness of adaptive scaffolding
technologies in various learning contexts. Practitioners are encouraged to apply structured and tiered
scaffolding approaches in mathematics instruction to ensure inclusive, responsive, and impactful
learning experiences for diverse student populations.

7. Suggestion

These findings suggest that PBL with scaffolding not only significantly enhances students'
problem-solving skills but also makes a substantial contribution to the development of critical
thinking skills, which are vital in mathematics education and problem solving in general. Therefore,
teaching approaches that integrate scaffolding and psychological tools should be more widely
implemented in educational settings, particularly for students with diverse abilities. For future
research, developing and further evaluating additional psychological tools that could be used in PBL
would also present an intriguing direction.
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