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Abstract 

Early mathematics education is a fundamental aspect of children's cognitive development and plays a crucial role in their future 
academic success. However, conventional teaching methods in early childhood education (ECE) often rely on lectures and 
worksheets, lacking exploration and deep conceptual understanding. Bruner’s learning theory (1966), which consists of enactive, 
iconic, and symbolic stages, provides an effective framework for early mathematics learning by emphasizing active engagement 
through concrete experiences before moving to abstraction. This study investigates the impact of nature-based early mathematics 
learning using Bruner’s approach on the cognitive achievement of young children. A quasi-experimental research method with a 
one-group pretest-posttest design was employed. The participants consisted of 4–5-year-old children from a preschool in Surakarta, 
Indonesia. The findings revealed a Cronbach Alpha score of 0.732 and a significant improvement in children's cognitive abilit ies 
after implementing nature-based learning with Bruner’s approach. These results suggest that integrating natural materials into 
early mathematics education can enhance children's understanding of mathematical concepts by providing richer and more 
meaningful sensory experiences. Additionally, this research contributes to the literature by exploring an alternative and innovative 
teaching strategy that leverages natural resources to support early childhood learning. The study has practical implications for 
educators, encouraging the adoption of nature-based learning to foster interactive and developmentally appropriate mathematics 
instruction. Future research should explore long-term effects and broader applications of this approach in different educational 
settings. 

Keywords: Bruner’s Learning Theory, Cognitive Achievement, Early Mathematics Learning, Early Childhood Education, Natural 

Materialstechnology 

 

Introduction 

Early mathematical understanding plays a crucial role in children's cognitive development and 
serves as a key factor in their future academic success (Ramani & Sigler, 2008; Cross et al., 
2009; Jordan, Glutting, & Watkins, 2010). Children with a strong grasp of fundamental 
mathematical concepts are more likely to achieve higher academic performance in subsequent 
educational levels (Dunphy et al., 2014). However, international studies such as the Trends in 
International Mathematics and Science Study (TIMSS) indicate that Indonesian students' 
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mathematics proficiency remains below the global average (Mullis, Martin, Foy, & Arora, 2016) 
These findings highlight challenges in Indonesia’s mathematics teaching approaches, 
particularly at the early childhood level, which may impact academic achievement in later stages 
of education. 

Although several studies have emphasized the importance of using concrete media in early 
mathematics learning (Clements & Sarama, 2011; Gasteiger, H, & Benz, 2018), research 
specifically examining the effectiveness of natural materials in supporting Bruner’s learning 
stages remains limited. Most previous studies have focused on the use of artificial teaching aids 
or digital technology, while the potential of utilizing natural resources available in children's 
surroundings has not been widely explored (Sutama, 2022). Therefore, further research is needed 
to analyze how natural materials can be optimally utilized to support Bruner’s learning stages in 
early mathematics education (Widodo et. al. 2021) 

This study introduces an innovative approach to early mathematics learning by utilizing natural 
materials as the primary medium in the application of Bruner’s theory. This approach contributes 
new insights to educational literature by demonstrating how the exploration of natural materials 
can deepen and enhance young children's understanding of mathematical concepts in a more 
meaningful way. Additionally, this research provides practical guidance for educators in 
designing more interactive learning strategies that align with children's developmental 
characteristics. Therefore, this study is expected to contribute to improving the quality of early 
mathematics education in Indonesia while addressing the challenges identified in international 
studies such as TIMSS. 

To date, early mathematics learning approaches in preschools have largely been dominated by 
conventional methods, such as lectures and practice exercises, which place little emphasis on 
exploration and deep conceptual understanding (Sarama & Clements, 2009). Several studies 
have highlighted the importance of using manipulative media in mathematics education to 
enhance conceptual comprehension (Clements & Sarama, 2011). However, research specifically 
evaluating the effectiveness of using natural materials as a learning medium in the context of 
early mathematics education remains limited. 

Bruner's learning theory (1966) provides a structured approach to early mathematics education 
through three key stages: enactive (direct experience), iconic (visual representation), and 
symbolic (abstraction). This approach highlights the importance of active child engagement in 
the learning process, starting with concrete experiences before progressing to abstract thinking. 
Utilizing natural materials as learning media aligns with Bruner’s principles, as it enables 
children to explore mathematical concepts firsthand through richer and more meaningful sensory 
experiences. 

Method 

This study employs a quasi-experimental design using a one-group pretest-posttest method. The 
research participants consist of 37 children aged 4–5 years from a preschool in Surakarta, 
Indonesia.   

The treatment involved early mathematics learning based on Bruner’s theory using natural 
materials, applied to Class A, which included students aged 4 to 5 years. After implementing the 
learning approach, the children's learning outcomes were compared to their pre-treatment scores.  
One of the advantages of this experimental design is the ability to directly compare pretest and 
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posttest results within the same group, allowing for a more accurate measurement of the learning 
intervention's impact.  

Research Design  

This research design can be illustrated using a one-group pretest-posttest diagram.  

  

 

        

 

 

 

 

 

 

Figure 1. Research Design 

The research design employed in this study is the one-group pretest-posttest design, which falls 
under the quasi-experimental method. This design allows researchers to measure changes in 
children's cognitive achievement before and after receiving the intervention, which involves 
early mathematics learning using natural materials based on Bruner’s theory. During the pretest 
phase, an initial assessment is conducted to evaluate children's cognitive abilities before the 
intervention is applied. Subsequently, children participate in a structured learning process that 
emphasizes the exploration of natural materials, aligning with Bruner’s enactive, iconic, and 
symbolic stages. After the learning period, a posttest is administered to assess improvements in 
children’s mathematical understanding and skills. The advantage of this design is its ability to 
directly identify the impact of the intervention on the same subjects, even without a control 
group. However, its limitation lies in potential internal biases, such as history effects or 
maturation, which may influence the research outcomes. 
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Research Implementation Procedure 

The research subjects are students from an early childhood education (PAUD) institution in 
Surakarta, Indonesia, with a sample taken from Group A, consisting of students aged 4–5 years. 
The research implementation procedure is presented in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Research Implementation Procedure 

Pretest to assess children's initial abilities.  Implementation of early mathematics learning using 
natural materials based on Bruner's theory over several weeks. Posttest to measure children's 
final abilities.   

Data Analysis. Data analysis was conducted using descriptive statistics and paired t-tests to 
compare pretest and posttest results. This study employs statistical analysis techniques, 
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including descriptive statistical analysis, multiple linear regression analysis, classical 
assumption tests, and hypothesis testing to analyze the collected data (Ghozali, 2016).   

The research instrument used is an early mathematics ability test, covering four aspects: 
understanding concepts, logical thinking, symbolic thinking, and object recognition. This 
instrument has been validated and tested for reliability. 

Results or Findings 

Validity Test; Based on the validity test results, the four instruments used in this study showed 
a significance level below 0.05. Consequently, the null hypothesis (H0) is rejected, indicating 
that all instruments meet the validity criteria and are deemed appropriate and suitable for use in 
the study.. 

Reliability Test; Reliability testing aims to assess the consistency of a questionnaire when used 
in repeated measurements. According to Imam Ghozali, a questionnaire is considered reliable if 
the coefficient value in the Cronbach’s Alpha test exceeds 0.70. 

Table 1. Reliability Levels 

Reliability 
Coefficient 

Criteria 

> 0,9 Highly Reliable 

0,7 – 0,9 Reliable 

0,4 – 0,7 Moderately Reliable 

0,2 – 0,4 Less Reliable 

< 0, 2 No Reliable 

 

Reliability Statistics 

Cronbach's 
Alpha N of Items 

.732 13 

Table 2. Output Reliability Test Variable A, B, C, and D  

Based on the test results, the questionnaire obtained a reliability score of 0.732. This value falls 
within the reliable category, indicating that the questionnaire meets reliability standards and 
demonstrates good consistency. 

Pre-Test and Post-Test Difference Test 

H0: There is no difference between the results before using natural materials with Bruner's 
theory approach and after using natural materials with Bruner's theory approach.   

H1: There is a difference between the results before and after using natural materials with 
Bruner's theory approach.   

Reject H0 if the significance value (test result significance level) is < 0.05.   

The test was conducted using the Wilcoxon signed-rank test. 
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Test Statisticsa 

 
post_TA - 
pre_TA 

post_TB - 
pre_TB 

post_TC - 
pre_TC 

post_TD - 
pre_TD 

Z -5.036b -2.647b -4.970b -4.621b 

Asymp. Sig. (2-tailed) .000 .008 .000 .000 

a. Wilcoxon Signed Ranks Test 

b. Based on negative ranks. 

Table 3. Output Wilcoxon Signed-Rank Test 

Based on the table above, it is evident that among the four tested indicators, the concept 
recognition indicator has a significance value of < 0.05. Consequently, H0 is rejected, indicating 
a difference between the results before and after using natural materials with Bruner's theory 
approach. 

Concept Recognition Indicator (TA)   

The explanation of the differences in the concept recognition indicator is as follows: 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

pre_TA 37 14.92 2.203 9 19 

post_TA 37 19.38 1.233 15 20 

Table 4. Descriptive Statistics for Conceps Recognition (TA) 

Based on the table 4, before using natural materials with Bruner's theory approach, the average 
respondent score for the concept recognition indicator was 14.92 out of 20. After using natural 
materials with Bruner's theory approach, the average score increased to 19.38 out of 20. The 
minimum score in the pre-test was 9, which increased to 19 out of 20 in the post-test. The 
maximum score in the pre-test was 19, which increased to 20 out of 20 in the post-test.  

Logical Thinking Indicator (TB)   

The explanation of the logical thinking indicator is as follows: 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

pre_TB 37 6.35 1.136 3 8 

post_TB 37 7.05 .998 6 8 

Table 5. Descriptive Statistics for Logical Thinking (TB) 

For the descriptive analysis of the logical thinking indicator, the average score in the post-test 
increased compared to the pre-test. The pre-test average was 6.35, which then increased to 7.05 
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in the post-test.   

The minimum score also showed an improvement in the post-test. In the pre-test, the minimum 
score was 3 points, which increased to 6 points in the post-test. Meanwhile, the maximum score 
remained the same for both pre-test and post-test at 8 points, which is the highest possible score. 

Symbolic Thinking Indicator (TC) 

The following is an explanation of the symbolic thinking indicator. 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

pre_TC 37 8.84 1.365 5 11 

post_TC 37 11.22 1.294 9 16 

Table 5. Descriptive Statistics for Symbolic Thinking (TC) 

In the descriptive analysis of the symbolic thinking indicator, the post-test average showed an 
improvement compared to the pre-test. The pre-test yielded an average score of 8.84, which 
increased to 11.22 in the post-test.   

The minimum score also showed progress, rising from 5 points in the pre-test to 9 points in the 
post-test.   

Additionally, the maximum score increased as well. During the pre-test, the highest score 
recorded was 11 points, which later reached 16 points in the post-test, marking the highest 
possible score. 

Object Recognition Indicator 

The explanation of the object recognition indicator is as follows. 

 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

pre_TD 37 9.11 1.385 3 11 

post_TD 37 11.11 1.295 9 12 

Table 5. Descriptive Statistics for Object Recognition (TD) 

In the descriptive analysis of the object recognition indicator, the post-test average showed an 
improvement compared to the pre-test. The pre-test resulted in an average score of 9.11, which 
increased to 11.11 in the post-test.   

The minimum score also showed an increase, rising from 3 points in the pre-test to 9 points in 
the post-test.   

Similarly, the maximum score improved. During the pre-test, the highest score recorded was 11 
points, which increased to 12 points in the post-test, representing the highest possible score. 

Discussion and Conclusion 

The descriptive statistical analysis of the four indicators concept recognition (TA), logical 
thinking (TB), symbolic thinking (TC), and object recognition (TD) shows an improvement 
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between the pre-test and post-test results in early mathematics learning using natural materials 
with Bruner's theory approach.   

Thus, the implementation of early mathematics learning based on natural materials using 
Bruner’s theory in Group A (ages 4-5 years) at a kindergarten in Surakarta, Indonesia, 
demonstrated positive progress. Therefore, the research hypothesis can be accepted. 

 

Figure 3. Diagram Pre test and  Post Test Assesment Result 

The use of natural materials in early childhood mathematics learning is highly effective, as 
incorporating real objects makes lessons more engaging compared to using worksheets. This 
aligns with the findings of Bassok et al. (Bassok et al, 2016, p. 14), which suggest that a 
worksheet-based pedagogical approach in preschool education is less appealing.   

Bruner’s theory enhances early mathematics learning by helping young learners gradually 
transition from concrete to abstract concepts, making it easier for them to understand. The 
implementation of Bruner’s theory aligns well with early childhood education principles, as 
young children enjoy exploring their structured and diverse surroundings (Baroody, A. J., 
Clements, D., & Sarama, J., 2019).   

Furthermore, early mathematical proficiency significantly influences the development of 
attitudes and competencies in other areas. A strong foundation in early mathematics supports the 
development of critical thinking skills (Sutama et al., 2022). Additionally, mathematical 
proficiency fosters independence (Widodo et al., 2022), enhances problem-solving abilities 
through reasoning and logical thinking (Novitasari et al., 2022), and contributes to the 
improvement of self-regulated learning (Naufal et al., 2022). 

Stages of Early Mathematics Learning Based on Natural Materials with Bruner's Theory 

Approach   

The teacher introduces natural materials that can be used as learning media for early 
mathematics. The selected materials must be safe for students and easily available around their 
homes.   

- Enactive Stage: The teacher engages students in counting activities using natural materials.   
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- Iconic Stage: The teacher guides students to complete worksheets, where they count pictures 
of objects and write the corresponding numerical symbols.   

- Symbolic Stage: The teacher assists students in writing numerical symbols that match the 
given examples. 

 

Figure 4. Natural Material Used 

 

Figure 5. Stages Implementating The Bruner teory 

Early Mathematics Learning Achievement Based on Natural Materials with Bruner’s 

Theory Approach   

This study examines the effectiveness of early mathematics learning by utilizing natural 
materials as learning media and applying Bruner’s theory approach. The research instrument 
includes four key variables: (1) concept recognition (Variable A), (2) logical thinking (Variable 
B), (3) symbolic thinking (Variable C), and (4) object recognition (Variable B). Instrument 
validity and reliability tests were conducted to ensure measurement feasibility, with an r value 
of 0.3246 for a sample size of 37. Instrument validity was determined based on the following 
criteria:   

- If rcalculated} > rtable, the instrument is considered valid.   

- If rcalculated} < rtable, the instrument is considered invalid.   
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- Based on significance level alpha = 0,05:   

  - If Sig. 2-tailed < 0.05, the instrument is valid.   

  - If Sig. 2-tailed > 0.05, the instrument is invalid.   

The paired t-test results indicate a significant improvement in children's early mathematics skills 
after implementing learning based on natural materials with Bruner’s theory approach. This 
improvement was observed across all measured aspects, including concept recognition, logical 
thinking, symbolic thinking, and object recognition.   

The discussion of research findings reveals that using natural materials as learning media makes 
mathematical concepts more concrete and easier to understand for young children. Bruner’s 
theory approach, which consists of enactive, iconic, and symbolic stages, provides an effective 
learning structure for developing early mathematics understanding.   

The learning stages implemented are as follows:   

1.Enactive Stage: Children learn through direct experiences using natural materials as teaching 
aids.   

2.Iconic Stage: Children understand concepts through images or visual representations of objects 
used in the enactive stage.   

3.Symbolic Stage: Children begin to associate the learned concepts with mathematical symbols 
or notations.   

The findings indicate that early mathematics learning based on natural materials is more 
engaging and effective compared to worksheet-based approaches. Bruner’s theory helps children 
understand concepts progressively, from concrete to abstract, thereby enhancing their cognitive 
achievement. 

Conclusion 

The implementation of early mathematics learning using natural materials with Bruner’s theory 
approach effectively enhances young children's cognitive achievement. Utilizing natural 
materials as learning media helps make mathematical concepts more concrete and meaningful. 
Bruner’s theoretical approach provides a structured framework suitable for early mathematics 
education in young learners.   

This study suggests that early childhood educators can adopt natural materials as an alternative 
medium for teaching foundational mathematical concepts. Future research could employ a more 
robust study design and incorporate a control group for further validation. 
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