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Abstract

Recognizing number symbols in early childhood is challenging because their abstract nature does not align with
the child's concrete thinking stage. Conventional methods, such as flashcards, have proven less effective because
they rely solely on memorization. This study aims to test the influence of Media Puzzle Mix and Match Multiple
Number Representation on children's ability to recognize number symbols in the 5-6-year age range. This research
method uses a quasi-experiment with a pretest-posttest control group design involving 16 children at Al-lkhsan
Kindergarten. The experimental group consisted of 8 children using a puzzle media with six number
representations, while the control group consisted of 8 children using conventional flashcards. Results: Data
analysis showed a significant increase (p < 0.05) in the experimental group, with an average increase of 22.25%
compared with the control group, which was only 5.75%. The conclusion of the Media Puzzle Mix-and-Match
Multiple Number Representation is efficacious in improving the ability to recognize number symbols through a
multisensory approach aligned with constructivist and dual-coding theories.
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INTRODUCTION
Early childhood education is integral to a child's cognitive, social, emotional, and physical
development. Proper stimulation is essential for future learning success during the golden age.
Numeracy skills, particularly the comprehension of number symbols, are among the cognitive skills
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developed during early childhood education. This ability is essential for mastering more complex
mathematics at the next level of education. However, the recognition of number symbols in early
childhood presents many challenges in real-world contexts. According to Piaget's theory, children
aged four to six years are in the preoperational stage of cognitive development, during which their
thinking remains concrete. Because they are irrelevant within children's frameworks, abstract number
symbols are difficult to understand. Preliminary results from observations at Al-l1khsan Kindergarten
Gowa indicate that most students in group B continue to have difficulty identifying and relating

numbers to their correct values (Amri et al., 2022; Eka Daryati & Sadiana, 2025).

Children can be stimulated in ways that accommodate their individuality and needs. In child
stimulation, various approaches are needed, and early childhood teachers' understanding and the
implementation of learning are essential, as each early childhood education student is unique and has
different needs. Learning has been adjusted to the needs and abilities of the child so that every child
will feel accepted and valued in the learning environment (llyas & Lismayani, 2023).

Research by Nur et al. (2022) suggests that numeracy instruction relying solely on
memorization can interfere with children's mathematical comprehension. A new learning medium is
needed that can compensate for the differences between children's thinking and the abstract nature
of number symbols. According to constructivist theory, children learn best through direct experience
and interaction with their environment. Media Mix and Match Puzzle with Multiple Number
Representation was developed as an innovative solution. This medium integrates six forms of number
representation: number symbols, object images, domino dot patterns, dice, grains, and humber-word
cards. This results in the possibility that it occurs, such as children understanding the concept of
numbers from various perspectives, and also activating the multiple intelligences that each child has
(Daryati, 2025)

The recognition of number symbols without concrete references tends to encourage children
to memorize rather than understand their conceptual meaning. Research shows that mathematical
comprehension is more effective when it is built on the interconnections among number words, visual
representations, and numerical symbols. Puzzle media offers a fun and interactive approach to
associating abstract symbols with real context, thus supporting a more meaningful learning process
for children (A. Bayaga & P. Nzuza, 2022).

Traditional approaches, such as flashcards or verbal memorization, are often insufficient to

capture a child's attention or support symbolic comprehension. These methods tend to emphasize
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memorization rather than conceptual understanding. As stated by Ansari (2025), the development of
symbolic numeracy requires more than passive exposure; it involves designing learning tools that
enable symbolic manipulation and active representation. The need for symbolic play as a mechanism
for the formation of more profound meaning is also supported by Lee (2021), who found that
structured play involving substitution and imagination resulted in cognitive improvements in

children, including those with special needs.

The innovative media "Puzzle Mix and Match with Double Representation of Numbers"
was developed to address the shortcomings of existing pedagogical approaches. The tool presents
numbers in various forms, such as images of objects, finger movements, dot patterns, and humber
symbols, to strengthen neural connections through multimodal input. The puzzle format used
summarizes visual, tactile, and linguistic representations in a fun and structured manner, thereby
engaging multiple sensory pathways in the child. As emphasized by Bautista et al (2019) the
integration of these various representations makes it easier for children to transition from intuitive
understanding to more precise symbolic mastery of numbers.

The management and use of learning resources and media are essential; this is especially true
for materials in use. One alternative learning medium is used goods. At least they can receive the
benefits of used goods that have less meaning in daily life, and have meaning in the form of early
childhood learning media ( Hajerah, 2018).

This media aligns with the findings regarding the concept. E. Ranzato et al., (2020)
Subitizing is the innate ability to recognize small amounts directly without counting. Ranzato
identified the number four as the universal cognitive boundary beyond which estimation replaces
perceptual accuracy. The grouped dot patterns used in the puzzle are designed to harness children's
subitizing abilities and to link the recognition of number symbols to a strong perceptual foundation.
Symbolic numerical knowledge, not just the ability to estimate non-symbolically, is a stronger
predictor of numeracy performance in the early stages of development(Fadillah & Suryadi, 2025;
Fanari, 2023).

This study examines the effectiveness of the Media Puzzle Mix-and-Match in improving
early childhood recognition of number symbols at Al-lkhsan Kindergarten. The primary focus is on
testing multifaceted symbolic structures in puzzle format using experimental design. This approach
differs from previous research, which generally relied on a single representation, such as numbers or

images. The novelty of the study lies in integrating various numerical, visual, tactile, and verbal-
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symbolic modalities to strengthen children's numerical cognition through game-based learning.
Previous studies have shown that puzzle media is efficacious in improving the recognition
of numbers 1-10 in early childhood. This research expands the empirical foundation by offering a
comparative analysis between conventional flashcard-based learning and innovative puzzle-media-
based learning. The experimental group received treatment using the Media Puzzle Mix-and-Match,
whereas the control group received instruction using a commonly used classroom method (Widayani,
2023; Irwansyah, 2023).
This study tested the hypothesis that the use of the Dual Representation Puzzle Mix-and-
Match Media significantly improved children's ability to recognize number symbols. The findings
provide a basis for recommendations to early childhood educators to adopt interactive media that
integrates a variety of symbolic representations. This approach is considered effective in facilitating

concrete understanding while creating a fun and meaningful learning experience for children.

METHODOLOGY
Types of Research
Because the research was conducted in schools using existing classrooms, the researchers
employed a quasi-experimental design with an unequal control group. This design involves one class
as the experimental group that receives a specific treatment, and one class as the control group that
does not receive that treatment. Both classes were measured both before and after treatment. The study
involved two groups, namely the experimental group and the control group, which were given a pretest
and a posttest.
Research Time and Place
The research was conducted during the even semester of the 2024/2025 school year at Al-Ikhsan
Kindergarten in Gowa Regency. This location was chosen because of the difficulty of recognizing
number symbols among homogeneous students, to support a smooth research process.
Research Objectives
The study population was all group B children at Al-lkhsan Kindergarten. The sample
comprised 16 children selected via purposive sampling, who were then divided into two groups: 8 in
the experimental group and 8 in the control group.

Data Collection Techniques and Instrument Development
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Data collection is carried out through three stages:

1. A pretest is carried out before treatment to find out the child's initial ability.

2. Treatment is the experimental group that learned using a mixed-and-matched puzzle with six
number representations for five days, with 30-40 minutes per day. Meanwhile, the control group
learned using conventional flashcards for the same duration.

3. Posttests are carried out after treatment to measure the improvement of children's abilities.

Data Analysis Techniques

Data were analyzed statistically, descriptively, and inferentially using the Wilcoxon Signed-

Rank Test.

DISCUSSION RESULTS
RESULTS

The study began by giving a pretest to both experimental and control groups. Preliminary
results showed that both groups had similar baseline knowledge of number-symbol recognition, with
most students initially classified as "Good". In the experimental group that used Media Puzzle Mix
and Match with Double Number Representation, posttest scores increased significantly. All students
showed improvement in their ability to compare number symbols with their representations across
four modalities: visual points, fingers, pictures, and numbers. Students who initially have difficulty
recognizing the number "7" symbol can then assemble puzzle pieces and state the correct number
with confidence. In the control group using conventional flashcards, the increase was more minor.

Although some students can improve their number recall, most of their responses remain unchanged.

Table 1.1 Summary of descriptive statistics
Pretest average Posttest Average

Groups %
score Score
Eksperimen 62,5 87,0 +22,25%
Controls 63,75 69,50 +5,75%

Based on Table 1.1, the experimental group improved learning by a factor of 4 compared with
the control group. The Mann-Whitney test was conducted to assess the statistical significance of the
difference between pretest and posttest scores within each group. The test results in the experimental
group showed a significant difference between pretest and posttest scores (p < 0.05), indicating that

puzzle media can improve students' ability to recognize number symbols. In this group, there was an
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increase not only in scores but also in terms of confidence and independence in completing tasks.
The Mann-Whitney test conducted in the control group showed no significant difference in pretest
and posttest results. Score enhancement does not support the null hypothesis. This suggests that
conventional learning offers some benefits but lacks the multimodal engagement needed to reinforce

symbolic learning.

Table 1.2 Summary of Mann-Whitney test results

Groups p Remarks
Eksperimen 0,015 Signifikan
Controls 0,015 Signifikan

Table 1.2 shows that the alternative hypothesis (H1) is that the use of Puzzle Mix and Match
media has significantly increased the recognition of children's number symbols. In addition to
numerical scores, this study analyzed student performance using the developmental levels employed
in early childhood assessment: Very Good, Good, and Developing. The test results for the
experimental group showed a marked change in category. The pretest score was 37.5%, and the
posttest score was 97.5%, indicating that students were classified as Very Good. Based on the test,
there was a 50% increase in the number of students in the highest category for number-symbol
recognition. Meanwhile, in the control group, the increase in students included in the "Very Good"
category only reached 12.5%, and there were two students who were in the "Developing" category,
even though they had participated in learning.

Table 1.3 Comparison of Child Development Categories

Experimental Group (% Control Group (%
Category Preptest P%s(tte)st Pretest : I(Dogttest
Excellent 37,5 87,5 25,0 37,5
Good 45,0 12,5 50,0 43,75
Growing 17,5 0,0 25,0 18,75

Table 1.3 presents the posttest comparison results for the experimental and control groups
by developmental category. Table 1.3 shows that the experimental group was overrepresented in the

"Excellent" category and contained no students in the "Developing" category.

DISCUSSION
The use of Mix-and-Match Puzzle Media with Double-Number Representation has been

shown to significantly improve the ability to recognize number symbols in early childhood. This is

evident from the Wilcoxon Signed-Rank test results, which showed statistical significance (p < 0.05)
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only in the experimental group. It also shows that children who learn symbolically in early numeracy
like it when learning is done in a fun, varied, and manipulative way(Irwansyah, 2023).

This aligns with Piaget's constructivist theory, which posits that children learn optimally
during the preoperational stage through direct interaction and symbolic play. Puzzle media display
various forms of numbers, such as images of elephants, domino or dice patterns, grains (e.g., green
beans), and number words, which are connected to children's cognition. This activity involves visual,
verbal, and kinesthetic activities that stimulate the child. It also reflects the principle of dual coding
theory, which posits that information is easier to understand and remember when encoded through
words and actions (Sriastuti & Masing, 2022).

Multisensory integration is a stronger predictor in supporting the development of symbolic
than non-symbolic knowledge on initial numeracy performance (Fanari, 2023). In addition,
Sokolowski (2022) also shows that the processing of symbolic numbers works more optimally than
non-symbolic numbers. This confirms that early training with number symbols, such as those used
in this study, can develop a more efficient cognitive system for understanding numbers in early
childhood.

The collaboration between children's symbols with dominoes, dice, and number cards also
facilitates intuitive numeracy skills, namely subitizing, comparison, and part-whole relations. This
visual-spatial representation enables children to perceive numerical structures clearly rather than
merely memorizing numbers. This statement is supported by Lombard et al., (2024) which states that
the cognitive limits of humans in subitizing become natural biological limits. In addition,
archaeological analysis by d’Errico, (2017) it supports the view that symbolic number systems
evolved gradually from concrete practices, necessitating a medium that combined real and abstract
elements for early childhood.

Number-word cards that address the symbolic-linguistic dimension play an essential role in
bridging numeracy and early literacy. Children not only learn to recognize quantities, but also begin
to understand the pronunciation of numbers in written form, thus enriching their numerical literacy
(Irwansyah, 2023) and Lee (2021) emphasized that structured symbolic games can improve children's
social and cognitive functioning, including children with special needs.

This layered symbolic engagement also has emotional and existential meaning. According
to Johansson (2013), the loss of symbolic capacity can lead to profound social isolation in aphasia

sufferers. On the contrary, children's success in expressing symbols in this study is not only a
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cognitive achievement but also a form of self-representation and participation in the educational
process. Ballacci (2024), conveying that symbolic representation can shape identity and enhance

children's democratic expression.

Indicate that teachers' interpretations of curriculum content affect the purpose of initial
numeracy. Learning media, such as puzzles, connect curricular demands with classroom learning
practices. The media in this study support a more meaningful approach appropriate to the early
childhood developmental stage. Teachers who can use media with a wealth of symbols can convert
abstract learning objectives into engaging, concrete experiences.

The effectiveness of symbolic media does not focus solely on visual appeal but also on its
level of epistemic transparency (Moller, 2019). The puzzles used in this study fulfill this transparency
by presenting forms that are visible and manipulable, thereby allowing children to construct meaning
through active exploration. This design aligns with constructivist and democratic learning principles
that support instructional and cognitive reflection, by Ballacci (2024) Symbolic value not only
functions practically, but also plays a vital role in shaping collective identity and meaning. According
to Cannon & Rossiter (2022) in the context of numeracy learning, the mastery of symbols through
puzzle media encourages the formation of children's academic identity. This process improves
several aspects often overlooked in early childhood education, namely self-confidence and social-
educational status.

These findings are also in line with the symbolic richness of ancient cultures found in the
lunisolar time representation at Gébekli Tepe (Sweatman ., 2024). The culture suggests that symbolic
understanding has become integral to cognitive and social evolution. This analogy underscores the
importance of cultivating symbolic thinking early in numeracy, cognitive, social, and cultural
development.

This research yielded several findings, but it remains limited. The relatively short duration
of the intervention of five days and the small sample size of 16 children limited the scope of
generalization of findings. Some children also have difficulty distinguishing numbers with similar
shapes, such as 6 and 9, underscoring the importance of the teacher's role in guiding children through
the proximal development. The effectiveness of symbolic learning is also greatly influenced by its
sustainability and the context of its implementation. This is because a deep understanding can only

be achieved through a process that is consistent and relevant to children’s daily experiences. Through
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this study, it is hoped that further research can investigate how the long-term use of this multimodal
symbolic media affects several aspects, such as fluency in arithmetic, reasoning, and problem-
solving. In addition, other researchers can examine the role of this medium in its cross-cultural
relevance and inclusivity across various social and linguistic contexts t zone (Taukeni ., 2019).

In summary, this study confirms that Media Puzzle Mix-and-Match with Double
Representation of Numbers not only facilitates the recognition of number symbols but also fosters
symbolic competence, multimodal understanding, learning agency, and cultural participation.
Symbolic representation is not just a learning feature, but also a cognitive, social, and developmental

need in early childhood education.

CONCLUSION

The application of Mix and Match Puzzle Media with Double Number Representation has
been shown to improve early childhood ability to recognize number symbols significantly. This
increase occurred only in the experimental group that received treatment in the form of various
representations of number symbols, images of concrete objects, dot patterns (dominoes and dice),
grains, and number-word cards that are symbolic, visual, and tactile. These findings are consistent
with the theory of early childhood cognitive development, which affirms the importance of real-life,
experience-based, multisensory learning. Puzzle media facilitates the construction of numerical
meaning through fun, exploratory, and contextual activities. The impact of this medium is substantial
across several cognitive and social-emotional domains, including interaction, learning motivation,

and children's confidence in using number symbols.
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