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Abstract: This study aims to analyze the effect of Project-Based Learning (PjBL) on 
improving early childhood mathematical abilities and social skills among children 
aged 5–6 years. The research employed a quantitative approach using a quasi-
experimental design with a non-equivalent control group pretest–posttest design. The 
sample consisted of 74 kindergarten students divided into experimental and control 
groups. Data were collected through performance tests to assess mathematical abilities 
and observation sheets to measure social skills. Data analysis was conducted using the 
non-parametric Wilcoxon test. The results indicate a significant improvement in the 
experimental group compared to the control group. The average mathematical ability 
score increased from 12.54 (pretest) to 27.35 (posttest), with the highest N-Gain (0.87) 
observed in the counting indicator. Similarly, social skills improved from an average 
score of 1.24 to 2.79, with the highest N-Gain (0.92) in communication aspects. Statistical 
analysis revealed a significance value of p < 0.001, indicating that the implementation 
of PjBL had a statistically significant effect. These findings suggest that PjBL facilitates 
meaningful and contextual learning experiences, enabling children to construct 
mathematical understanding through concrete activities while simultaneously 
enhancing social interaction through collaborative tasks. In conclusion, Project-Based 
Learning is an effective and developmentally appropriate approach for improving both 
mathematical abilities and social skills in early childhood education settings. 
 
Keywords: Early childhood education; Mathematical ability; Project-based learning; 
Social skills; Quasi-experimental design 

  

Introduction  
 
Early Childhood Education (PAUD) is a strategic 

foundation in the national education system because it 
plays a role in optimizing children's cognitive, social, 
and emotional development from an early age. Law 
Number 20 of 2003 concerning the National Education 
System emphasizes that PAUD is intended to provide 
educational stimulation from birth to the age of six in 
order to prepare learning readiness at the next level 
(Shomiyatun, 2018). In this phase, children are in the 
golden age period, which is a period that is very 
sensitive to various environmental stimuli, so the quality 
of the learning experience provided will greatly 
determine the child's long-term development 

(Nurhafizah, 2018; Syahrul et al., 2021). Therefore, 
learning at this stage must be designed systematically, 
contextually, and in accordance with the characteristics 
of the child's development.  

One of the crucial aspects of development at the age 
of 5–6 is basic math skills and social skills. Mathematical 
skills are not only limited to counting activities, but also 
include the ability to think logically, understand the 
concept of quantity, as well as relate concrete 
experiences with abstract symbols (Az-Zahra et al., 2025; 
Lefevre et al., 2022; Setiyo, 2018). In the perspective of 
Piaget's theory of cognitive development, early 
childhood is at a preoperational stage, where the 
thought process is still concrete and simple symbolic, so 
mathematics learning must be based on direct 
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experience and manipulation of real objects. However, 
various studies show that the practice of learning 
mathematics in kindergarten is still dominated by 
conventional approaches that are classical and 
memorization-based, so they do not support the 
construction of knowledge in a meaningful way (Aini et 
al., 2022; Darnis et al., 2021; Suryana et al., 2025).  

On the other hand, social skills such as cooperation, 

communication, empathy, and the ability to interact are 
essential competencies that must be developed from an 
early age. Vygotsky's theory of social constructivism 
emphasizes that social interaction has a fundamental 
role in children's cognitive development through the 
concept of zone of proximal development (ZPD), where 
children learn optimally through collaboration with 
peers and adults (Syahrul et al., 2022). In addition, in 
Erikson's psychosocial development perspective, early 
childhood is at the initiative versus guilt stage, which 
requires space for children to take initiative, interact, 
and actively participate in their social environment. 
However, in learning practices in the field, the 
development of social skills is often not systematically 
integrated in learning activities (Novrianti et al., 2024; 
Wahyuni et al., 2022).  

The gap between child development theory and 
learning practice is reinforced by empirical findings at 
Pembina Kinali State Kindergarten, which shows that 
most children are still in the "undeveloped" category in 
math and social skills with a percentage of 61.7%. The 
results of observations and interviews with teachers 
indicate that the limited use of interactive learning 
methods and the lack of use of concrete media are the 
main factors that hinder children's development. This 
condition shows that there is an urgent need for 
pedagogical innovation that is able to integrate concrete 
learning experiences with children's cognitive and social 
development simultaneously (Atiasih, 2025; Erviana et 
al., 2024; Nurfauziyyah et al., 2025).  

Theoretically and empirically, Project-Based 
Learning (PjBL) is seen as a relevant approach to answer 
these problems. PjBL places children as active subjects in 
the learning process through direct involvement in 
meaningful, contextual, and collaborative projects (Bell, 
2010; Sumarni et al., 2021; Susilawati et al., 2023). This 
approach is in line with the principles of constructivism 
which emphasizes that knowledge is built through real 
experience and social interaction. In addition, PjBL has 
also been proven to be able to improve critical thinking, 
problem-solving, and social skills through structured 
group work activities (Amri et al., 2026; Handayani et 
al., 2022). In the context of early childhood education, the 
application of PjBL allows children to learn mathematics 
contextually through environmental exploration while 
developing social skills through collaborative 
interaction.  

However, research that specifically examines the 
effectiveness of Project-Based Learning in improving 
early childhood mathematics and social skills, especially 
in the context of kindergarten education in Indonesia, is 
still relatively limited. Most previous studies have 
tended to focus on only one aspect of development, so 
they have not provided a comprehensive picture of the 
integration between cognitive and social aspects in a 

single learning approach. This limitation is an important 
research gap to be studied further.  

Based on this description, this study was conducted 
for the main reasons to: (1) overcome the gap between 
child development theory and learning practice in the 
field, (2) provide empirical evidence on the effectiveness 
of Project-Based Learning in simultaneously improving 
mathematical skills and social skills, and (3) provide 
practical contributions for teachers and early childhood 
education institutions in designing innovative learning 
that is in accordance with the characteristics of child 
development. Therefore, this study aims to analyze the 
influence of Project-Based Learning on the mathematical 
abilities and social skills of children aged 5–6 years in 
kindergarten. 

 

Method 
 
Research Time and Location  

This research was carried out at the Pembina Kinali 
State Kindergarten, West Pasaman Regency, West 
Sumatra. The selection of the location was based on the 
results of a preliminary study that showed the child's 
low mathematical ability and social skills as well as the 
dominance of conventional learning. The research was 
carried out in the odd semester of the 2024/2025 school 

year, which included the preparation, implementation, 
and data analysis stages.  

 
Research Methods  

This study uses a quantitative approach with a 
quasi experimental type. The design used was the Non-
Equivalent Control Group Pretest–Posttest Design, 
which allowed researchers to compare changes in 
children's mathematical abilities and social skills before 
and after treatment, both in the experimental group and 
the control group.  

The research population was all children aged 5–6 
years at Pembina Kinali State Kindergarten. The 
research sample amounted to 74 children who were 
divided into two groups, namely the experimental 
group and the control group. The sampling technique 
uses purposive sampling by considering the equality of 
child development characteristics and classroom 
readiness.  

The experimental group was given treatment in the 
form of Project-Based Learning (PjBL)-based learning 



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 4, 410-416 
 

412 

through mock-up project activities, while the control 
group used conventional learning that is commonly 
applied in schools.  

 
Research Stages  

This research is carried out through several 
systematic stages as follows:  
 

 
Figure 1. Research stages 

 
The research stage describes the systematic flow of 

research implementation starting from the preliminary 
study stage to identify the main problems in the field, 
then continued with research planning which includes 
the preparation of Project-Based Learning (PjBL)-based 
learning design and instrument validation. After that, 
the sample was determined which was divided into 
experimental and control groups, followed by the 
implementation of a pretest to determine the child's 
initial ability. The next stage is treatment, where the 
experimental group gains PjBL learning while the 
control group uses conventional methods.  

After the treatment is completed, a posttest is 
carried out to measure the improvement of the child's 
mathematical ability and social skills. The data obtained 
was then analyzed using the Wilcoxon test and N-Gain 
calculation to determine the level of effectiveness of the 
treatment, so that in the end the research results were 
obtained which became the basis for drawing 
conclusions objectively and empirically. 

 
Data Collection Instruments and Techniques  

The research instruments consisted of: Performance 
test: to measure children's math skills that include 
indicators of number recognition, counting, and 
understanding of quantity concepts. Observation sheet: 
to assess children's social skills which include aspects of 
cooperation, communication, sharing, and 
sportsmanship.  

The instrument has been tested for validity by 
material experts and instrument experts and tested for 
reliability before being used in research.  

 
Data Analysis Techniques  

Data analysis was carried out using non-parametric 
statistics because the data was not normally distributed. 
The test used is the Wilcoxon Signed Rank Test to find 
out the difference in pretest and posttest scores in each 
group.  

In addition, the improvement of the child's ability 
was analyzed using the N-Gain value to determine the 
level of effectiveness of the treatment. The N-Gain 
interpretation is categorized into three categories, 
namely low, medium, and high. The entire analysis 
process is carried out with the help of statistical software 
to ensure the accuracy and objectivity of the results. 
 

Result and Discussion 
 
The results of this study indicate that the 

implementation of Project-Based Learning (PjBL) has a 
statistically significant and practically meaningful effect 
on improving both mathematical abilities and social 
skills of children aged 5–6 years. Descriptive findings 
reveal that the experimental group experienced a 
substantial increase in posttest scores compared to the 
control group, confirming the effectiveness of PjBL over 
conventional learning approaches. 

In terms of mathematical ability, the experimental 
group showed a sharp increase from a mean pretest 
score of 12.54 to 27.35 in the posttest, while the control 
group only reached 21.08. The highest improvement was 
observed in the indicator of counting quantities and 

associating them with number symbols (N-Gain = 0.87, 
high category). This finding suggests that PjBL facilitates 
meaningful learning by engaging children in concrete 
and contextual experiences, enabling them to construct 
mathematical understanding actively rather than 
relying on rote memorization.  

 

 
Figure 2. Comparison of average math ability 
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These results are consistent with previous studies 
indicating that early childhood numeracy develops 
optimally when children are involved in experiential 
and context-based learning activities  (Chiquet et al., 
2023; Iskandar et al., 2024; Lefevre et al., 2022). 
Furthermore, project-based learning significantly 
enhances logical thinking and numeracy skills in early 
childhood through active exploration and manipulation 

of learning materials (Pangestuti et al., 2024). Similarly, 
PjBL promotes deeper conceptual understanding by 
integrating knowledge construction with real-world 
problem-solving contexts (Williamson, 2025). 

From a theoretical perspective, these findings 
reinforce Piaget’s cognitive development theory, 
particularly in the preoperational stage, where children 
learn best through concrete experiences (Piaget, 1952; 
Setiyo, 2018). The use of mock-up projects in this study 
provides tangible learning media that help bridge the 
gap between abstract numerical concepts and children’s 
real-life experiences. In addition, the findings align with 
constructivist learning principles, which highlight the 
importance of active engagement and knowledge 
construction (Syahrul et al., 2021). 

In terms of social skills, the experimental group also 
demonstrated a significant increase, with average scores 
rising from 1.24 to 2.79. The most prominent 
improvements were observed in communication and 
cooperation aspects, with an N-Gain value reaching 0.92 
(high category). This indicates that PjBL not only 
enhances cognitive outcomes but also plays a crucial role 
in fostering children's social-emotional development. 

 

 
Figure 3. Comparison of social skills average 

 
This finding is supported by previous research 

showing that collaborative learning environments, such 
as those created through PjBL, effectively promote social 
interaction, communication, and teamwork among 
young learners (Novrianti et al., 2024; Saputri et al., 2024; 
Susilawati et al., 2025). In line with this, experiential 
learning approaches encourage students to actively 
participate in group activities, thereby improving 
interpersonal skills (Efstratia, 2014). Moreover, 

Georgieva et al. (2021) found that active learning 
strategies significantly enhance children's social 
interaction and cooperative behavior in early childhood 
settings.  

The improvement in social skills observed in this 
study can also be explained through Vygotsky’s social 
constructivist theory, which emphasizes the role of 
social interaction in cognitive and social development 

(Vygotsky et al., 1978). Through collaborative project 
activities, children engage in meaningful dialogue, 
negotiate roles, and solve problems collectively, which 
contributes to the development of higher-order social 
competencies (Ceballos et al., 2026; Gauci, 2025; Lee et 
al., 2015). Additionally, this aligns with Erikson’s 
psychosocial development theory, particularly the 
initiative versus guilt stage, where children develop 
confidence and social initiative through active 
participation in group activities (Erikson, 1963; Parvin, 
2025). 

 
Table 1. Wilcoxon Test 

Test Statisticsa 

 Pretest - Posttest 

Z -5.312b 
Asymp. Sig. (2-tailed) <.001 

a.Wilcoxon Signed Ranks Test 

b.Based on negative ranks 

 
Statistical analysis using the Wilcoxon test yielded 

a significance value of < 0.001, indicating a very 
significant difference between pretest and posttest 
scores in the experimental group. This confirms that the 
observed improvements are not incidental but are a 
direct result of the PjBL intervention. The use of non-
parametric analysis is appropriate given the non-normal 
distribution of the data and the characteristics of early 
childhood subjects (Creswell, 2017).  

Overall, the findings of this study are in line with a 
growing body of literature that highlights the 
effectiveness of Project-Based Learning in early 
childhood education. Bell  (2010) and Zhang et al. (2021) 
emphasize that PjBL supports the development of 21st-
century skills, including critical thinking, collaboration, 
and communication. In the context of early childhood 
education, this approach is particularly relevant as it 
integrates cognitive and social development in a holistic 
and developmentally appropriate manner.  

Thus, this study not only confirms the effectiveness 
of PjBL in improving mathematical abilities and social 
skills but also strengthens previous empirical findings 
by providing evidence within the context of early 
childhood education in Indonesia. The integration of 
project-based activities with concrete learning media 
offers a promising pedagogical alternative to address the 

1,24

1,74

2,79

2,18

0

0,5

1

1,5

2

2,5

3

Experiment Control

Pre-test Post-test



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 4, 410-416 
 

414 

limitations of conventional, teacher-centered 
approaches. 

 

Conclusion  
 

Based on the results and discussion, it can be 
concluded that the implementation of Project-Based 
Learning (PjBL) significantly and effectively improves 
the mathematical abilities and social skills of children 
aged 5–6 years in kindergarten. The improvement in 
mathematical ability was seen from a substantial 
increase in scores in the experimental group, especially 
in the indicators of counting and relating quantities to 
number symbols, which showed that project-based 
learning was able to facilitate the construction of 
knowledge through concrete and contextual 
experiences. In addition, children's social skills, 
especially in the aspects of communication and 
cooperation, have also experienced a high increase as a 
result of children's active involvement in collaborative 
activities during the learning process. These findings are 
strengthened by the results of statistical tests that show 
significant differences between before and after 
treatment, thus confirming that PjBL is an effective, 
holistic, and appropriate learning approach in 
accordance with the characteristics of early childhood 
development in integrating cognitive and social aspects 
optimally. 
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