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early childhood children in the context of puzzle-solving. The
research employs a qualitative approach with a case study
method, involving 10 children aged 4-6 years at RA Nurud
Dhalam, Pamekasan Regency. The findings identify several
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color or image-based grouping, and systematic trial and
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searching, using images as guides, and eliminating unsuitable
options. Factors such as age, previous experience, and puzzle
difficulty level influence strategy selection. Analysis of the
findings indicates that the use of algorithms and heuristics
reflects complex cognitive development, involving executive
functions, metacognition, and visuospatial abilities. This
research concludes that the use of algorithms and heuristics
reflects complex cognitive development in young children,

involving
visuospatial

executive functions, metacognition, and

abilities. These findings have significant

implications for early childhood learning and stimulation,
including the development of more differentiated learning

approaches,

adaptive  curriculum  design, dynamic

assessment methods, utilization of educational technology,
and more comprehensive teacher training. Additionally, they
open new perspectives in understanding children's cognitive
processes and provide a foundation for developing more
effective early childhood education theory and practice.
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1. INTRODUCTION

Cognitive development in early childhood is an essential aspect in shaping intelligence
and critical thinking abilities that play a crucial role in determining an individual's future
developmental trajectory (Pollarolo et al., 2023). This process not only influences a child's
intellectual capacity but also forms the foundation for academic and social success. The early
childhood period, generally defined as the age range of 0-8 years, is a critical time during
which the brain develops rapidly and exhibits high plasticity (Ismail et al., 2017). During this
phase, children develop thinking, reasoning, memory, and problem-solving skills that will
become the basis for future learning and achievement. Piaget, in his theory of cognitive
development, asserts that children in the preoperational stage (2-7 years) begin to develop
mental and symbolic representation abilities, which are necessary for abstract and logical
thinking (Davidson, 1992).

Recent neuroscientific research has deepened our understanding of the necessity for
cognitive stimulation in early childhood for optimal brain structure formation. Studies
conducted by Fitzgerald, (2016), llyka et al., (2021), and Miguel et al., (2019) reveal that
children's experiences and interactions during early life stages have a substantial impact on
the formation and strengthening of neural networks in the brain. These findings indicate that
adequate and diverse stimulation can shape more complex and adaptive brain structures,
thereby supporting optimal cognitive capacity development. Conversely, a lack of stimulation
or frequent exposure to negative experiences can impede brain development, potentially
resulting in long-term effects on children's learning abilities and behavior (Luby, 2022;
Sheridan & MclLaughlin, 2016; Duncan et al., 2015). The implications of these findings
emphasize the necessity for early intervention and the creation of environments rich in
positive stimuli to support optimal brain development in children, which can influence their
cognitive and behavioral developmental trajectories throughout their lives.

In the context of cognitive stimulation, puzzle games have long been recognized as an
effective tool to support early childhood development. Puzzles not only offer entertainment
but also provide a rich platform for learning and developing cognitive skills. According to
research conducted by Hawes et al., (2015), children who regularly play with spatial puzzles
show improvements in mental rotation abilities and spatial comprehension. These skills are
crucial for later development in mathematics and science. Playing puzzles involves various
complex cognitive processes, including visual perception, logical reasoning, working memory,
and problem-solving (Mulyana & Nurcahyani, 2022). When children attempt to match puzzle
pieces, they engage in careful observation, analyzing shapes and patterns, and hypothesizing
about where each piece should be placed. This process not only enhances children's fine
motor skills but also sharpens their critical and strategic thinking abilities.

Puzzles offer immediate and concrete feedback to children. When pieces don't fit, they
must reevaluate and try new strategies. This trial and error process is invaluable in developing
perseverance, resilience, and the ability to learn from mistakes (Pusey, 2018). A study
conducted by Cui et al., (2021) shows that engagement in puzzle activities at an early age
positively correlates with mathematical achievement in elementary school. These findings
affirm that skills developed through playing puzzles have significant transfer to other
academic domains, especially in aspects of children's cognitive development.
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Although the impact of puzzles on children's cognitive development has been extensively
researched, a relatively less explored aspect is the mechanisms by which children develop and
apply algorithms and heuristics in the puzzle solving process. In this context, algorithms can
be conceptualized as a series of systematic steps implemented to solve a puzzle, while
heuristics refer to more adaptive and intuitive problem-solving strategies utilized when
precise algorithms are unavailable or less efficient.

In the context of children playing with puzzles, the use of algorithms and heuristics is not
consciously recognized or explicitly articulated, but remains an integral part of the problem-
solving process. For instance, when a child develops a simple algorithm to complete the edge
pieces first before filling in the middle section, this is a systematic approach that can be
considered a basic algorithm. On the other hand, the child employs heuristics such as quickly
matching colors or patterns to identify fitting pieces, without having to try every possible
combination.

The potential relationship between puzzle-playing activities and the development of
algorithmic and heuristic abilities in early childhood represents an intriguing yet not fully
explored field of research. Several studies have indicated that children possess the capacity
to develop and implement complex problem-solving strategies from an early age (Busch &
Legare, 2019). For example, research conducted by Armitage et al., (2023) on children's
strategies in solving simple arithmetic problems revealed that children spontaneously
develop and refine their strategies over time. These findings suggest an innate potential for
algorithmic and heuristic thinking in children. However, on the other hand, the problem that
arises is that there is not enough evidence to reveal the extent to which the development of
algorithms and heuristics honed through puzzle play can be transferred to other problem-
solving domains, such as mathematics and logic.

Although these findings provide promising indications, there remains a gap in our
understanding of the specific processes involved in the development and application of
algorithms and heuristics by children while playing puzzles. How do children develop these
strategies? Are there patterns or stages in the development of their algorithmic and heuristic
abilities? How do factors such as age, previous experience with puzzles, or the difficulty level
of the puzzle influence the strategies used? These questions have not been comprehensively
answered in the existing literature. If we can understand how these abilities develop at an
early age through activities such as playing puzzles, we may be able to design more effective
educational interventions to support children's cognitive development. This could have long-
term implications for school readiness, academic achievement, and even future career
success.

This research could provide valuable insights into children's cognitive development in
general. By studying how children develop and apply algorithms and heuristics in a relatively
controlled context such as playing puzzles, we can gain a deeper understanding of how
children learn to solve problems and think systematically across various domains. The novelty
of this research lies in its specific focus on the process of development and application of
algorithms and heuristics by children in the context of puzzle play. While many previous
studies have explored the general benefits of puzzles for cognitive development, or have
studied the use of algorithms and heuristics in adults or in more formal contexts, there has
not been a comprehensive study combining these aspects in the context of early childhood
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development. This research could pave the way for new avenues in the study of cognitive skill
transfer.

2. METHODS

This research employs a qualitative approach with a case study method to explore
algorithms and heuristics in puzzle-playing activities among young children. The study aims to
understand how children aged 4-6 years develop and apply problem-solving strategies while
playing puzzles. Research subjects will be selected purposively, involving 10 children aged 4-
6 years attending RA Nurud Dhalam in Nyalabu Daya Village, Pamekasan Regency. The
selection of subjects considers variations in age, gender, and level of puzzle-playing
experience to capture differences and patterns that emerge in the use of algorithmic and
heuristic strategies. Data collection will be conducted through participatory observation and
in-depth interviews. Observations will be carried out while children play puzzles, focusing on
how they identify, organize, and implement solution steps (algorithms) and how they use
intuition or spontaneous strategies (heuristics) when facing difficulties. Each observation
session will be recorded and documented using field notes and video to capture both verbal
and non-verbal interactions. Additionally, interviews with children and teachers will be
conducted to understand the thought processes underlying their actions during play. The
collected data will be analyzed thematically using content analysis, with the aim of identifying
patterns in the use of algorithms and heuristics in children's puzzle-solving processes.

3. RESULTS AND DISCUSSION
3.1. Identification of Algorithms Used by Children
Edge-First Strategy (Completing the Edges First)

One of the algorithms commonly applied by children in puzzle-playing activities is the
edge-first strategy. In this approach, children begin the process by identifying and assembling
the edge pieces of the puzzle. This strategy emerges as a response to the distinctive
characteristics of edge pieces, which typically have one straight side, making it easier for
children to recognize and place them. This phenomenon demonstrates that children are
capable of applying logical strategies to simplify complex tasks, by completing the easier
elements first before moving on to the more challenging central parts of the puzzle. This
behavioral pattern reflects the use of a basic algorithm that leverages the most prominent
visual elements in the problem-solving process.

The strategy used by the children aligns with the findings of Aisyah, (2021) who observed
that children often begin by forming the outer frame of the puzzle as an initial step in the
completion process. This approach reflects the child's ability to organize visual and spatial
information, which is an essential aspect of cognitive development (Johnson, 2019). The
strategy also demonstrates the child's ability to recognize patterns and construct structured
steps. After the edge pieces are assembled, they tend to feel more comfortable proceeding
to the inner parts of the puzzle because the boundaries are already clearly defined.
Grouping Based on Color or Image

Another algorithm frequently observed is grouping based on similar colors or images.
Children appear to group puzzle pieces with similar colors or patterns before attempting to
match them. This is demonstrated when children encounter a part of the puzzle depicting a
blue sky; they will gather all pieces with blue coloration and attempt to assemble them. This
strategy reflects the use of a grouping algorithm, where children automatically divide a large
task into smaller, more manageable parts based on visual similarities.
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The application of this algorithm indicates that children are beginning to develop visual
analysis skills and task categorization based on specific attributes. This finding aligns with
recent research on children's mental representations, as reported by (Peykarjou et al., 2023;
Schlegelmilch & Wertz, 2020; Hammer, 2015). These studies demonstrate that children have
the capacity to categorize objects based on prominent visual attributes. This grouping process
also reflects the development of classification skills, which are fundamental components in
the development of children's logical thinking. Thus, the use of the edge-first strategy in
puzzle solving not only demonstrates problem-solving ability but also indicates broader
cognitive development in terms of visual analysis and categorization.

Systematic Trial and Error

Children also implement a more systematic trial and error algorithm in solving puzzles. In
this approach, they methodically attempt to place puzzle pieces in various positions until
finding a match. Although this method may appear random, children often modify their
strategy by considering previous attempts and avoiding repetition of pieces already tried. This
strategy indicates the presence of basic algorithmic thinking, where children repeatedly test
hypotheses through structured steps. This systematic trial and error process contributes to
the development of children's observation and analysis skills, as they must remember the
results of previous attempts to adjust their next steps. While not always efficient, this
approach represents a form of logical problem-solving. Mohr et al., (2018), in their theory of
children's problem-solving strategies, assert that systematic trial and error is a fundamental
stage in cognitive development. Through this process, children learn to organize and evaluate
information more effectively, which in turn supports the development of their algorithmic
and heuristic thinking abilities.

3.2. Heuristics Used by Children
Search By Shape

One of the heuristics frequently implemented by children in puzzle solving is shape-based
search. In this approach, children attempt to match puzzle pieces by searching for suitable
components based on the physical characteristics of these pieces. They identify pieces with
contours or angles that are compatible with empty spaces in the puzzle. This heuristic heavily
relies on children's visual ability and spatial perception in recognizing geometric compatibility.
Shape-based search is an intuitive strategy, as children tend to more easily recognize and
match prominent shapes with available spaces. This method is also more efficient compared
to a pure trial and error approach, as it allows for immediate elimination of pieces that clearly
do not fit.

The shape-based heuristic approach applied by children in puzzle solving demonstrates
coherence with Gestalt theory of visual perception. This theory emphasizes the presence of
form in the process of perceptual organization (Kobourov et al., 2015). Children's capacity to
identify and match shapes reflects the development of visuospatial skills, which are
fundamental components in spatial cognition (Murias et al., 2019). The implementation of
this shape-based heuristic has implications beyond merely facilitating puzzle completion. This
phenomenon indicates comprehensive cognitive development, particularly in the domains of
visual perception and spatial understanding. The use of this strategy not only demonstrates
practical problem-solving ability but also highlights more complex and integrated cognitive
development in the early childhood.

Use of Images as Guidance

In the process of puzzle solving, children often utilize images as a heuristic guide. They
use visual cues from the already assembled parts of the puzzle to identify and match unplaced
pieces. When children observe a formed part of an animal or building image, they search for
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puzzle pieces that potentially complete this visual representation. The use of images as
guidance is a manifestation of a visually context-based heuristic. In this approach, children
apply available information to predict and determine the next steps in the puzzle-solving
process.

The heuristic in this context plays a role in developing children's understanding of the
relationships between image components, while simultaneously enhancing their ability to
integrate visual information. This approach also demonstrates children's ability to utilize
mental representations and compare puzzle pieces with the overall picture. This closely
relates to the concept of scaffolding introduced by Vygotsky. In his cognitive development
theory, scaffolding describes temporary support given to children to complete tasks they
cannot yet perform independently (Yuill & Carr, 2018). In this context, the complete image of
the puzzle functions as an external aid, providing a visual framework that facilitates children's
problem-solving. Thus, the use of image-based heuristics not only facilitates children in
completing puzzles but also reflects more complex cognitive development, involving mental
representation abilities, visual integration, and contextual problem-solving.

Elimination of Unsuitable Options

Another finding validated from field research results shows that children use elimination
heuristics to simplify the process of selecting puzzle pieces. Children tend to automatically
disregard pieces that clearly do not fit with empty spaces, based on differences in either shape
or color. This elimination strategy plays a role in accelerating problem-solving by reducing the
number of alternatives that need to be considered, thus focusing the child's attention on
more relevant options. The use of this elimination heuristic not only reflects children's ability
to make quick decisions based on available visual information but also demonstrates cognitive
efficiency. This efficiency allows children to avoid time-consuming trial-and-error processes,
making the problem-solving process more effective.

3.3. Factors Influencing the Use of Algorithms and Heuristics in Early Childhood

One of the main determinants in the use of algorithms and heuristics by children is age
and cognitive developmental stage. Various research results mention that age is often closely
related to the maturity of systematic and logical thinking abilities (Murnikov & Kask, 2021;
Hoicka et al., 2016). Children in the age range of 3 to 4 years tend to rely more on heuristics,
or simple intuitive rules, because the ability to think logically is still in its early stages. At this
age, limitations in working memory capacity and abstract thinking ability restrict children in
formulating structured and efficient strategies.

Conversely, children aged 5 to 6 years show an increase in the use of algorithms,
especially when faced with more challenging tasks such as puzzles. This can be associated
with the concrete operational stage according to Jean Piaget's theory, where children begin
to develop an understanding of basic logic and cause-effect principles, although still heavily
dependent on concrete objects and physical experiences (Madanagopal, 2020). In other
words, at this age, children begin to be able to think of systematic solutions to solve problems,
although their skills in this regard are still developing. This is evidenced through a study by Li
et al., (2017) which found that older preschool children tend to show increased use of rule-
based strategies compared to younger children, particularly in the context of tasks that
demand planning and problem-solving, such as playing puzzles.

Repeated experience in playing puzzles contributes to the efficiency and effectiveness of
children's strategy use. Children with more puzzle experience generally demonstrate a better
understanding of structures and patterns typically found in puzzles, allowing them to use
algorithms in @ more structured manner. For example, they start by assembling the puzzle
edges first or grouping pieces based on color or specific patterns. This aligns with the theory
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of transfer of learning, where previous experiences provide a foundation for children to
develop more sophisticated and efficient solutions (Huber et al., 2016). Research conducted
by Hsu & Wang, (2018) also supports this, where they found that children with more
experience in puzzle games are more likely to adopt more complex and algorithm-based
solving strategies compared to less experienced children. The trial-error strategy often used
by less experienced children tends to be more time-consuming and less efficient, especially
when facing more complex puzzles.

Another determining factor in children's choice between algorithms and heuristics is the
difficulty level of the puzzle they face. Puzzles with large pieces and easily recognizable images
tend to encourage the use of heuristic strategies, where children can complete the puzzle
more quickly without having to plan complicated steps. These heuristics utilize intuitive
reasoning and simple visual patterns, making it easier for children to find solutions
spontaneously. This strategy is more effective for less complex tasks, where little planning is
sufficient to achieve results. Conversely, when children are faced with more complex puzzles,
both in terms of the number of pieces and image complexity, they tend to use more
structured algorithmic strategies.

3.4. Analysis of Algorithms and Heuristics in the Context of Cognitive Development

The use of algorithms and heuristics in playing puzzles provides insight into how children
develop logical thinking and problem-solving skills. This phenomenon can be analyzed
through previous research findings by Barash et al., (2019), which elaborate on the evolution
of children's reasoning through various phases. The edge-first strategy reflects the
advancement of conservation capabilities and reversibility of thought, as well as
characteristics typical of the concrete operational stage. This strategy demonstrates
children's ability to construct systematic thinking patterns and understand cause-effect
relationships. More broadly, this heuristic analysis affirms how children gradually develop
more efficient and structured approaches when facing problems, as their thinking abilities
mature.

The implementation of heuristics such as shape-based search and the use of images as
references can be interpreted through the information processing theory framework by
Atkinson & Shiffrin, which states that children have mechanisms for encoding, storing, and
retrieving visual information (Malmberg et al., 2019). However, this perspective appears too
mechanistic and fails to comprehensively capture the complexity of children's cognitive
processes. As an alternative Verspoor, (2016) dynamic systems theory offers a more holistic
viewpoint by emphasizing how problem-solving strategies are formed from complex
interactions between various components of the child's cognitive system and their
environment.

The application of systematic trial and error methods by children in solving puzzles can
be viewed as a manifestation of executive function development, particularly in aspects of
planning and response inhibition (Silva et al., 2022). On the other hand, this approach can also
be interpreted through the perspective of metacognition theory by Rhodes, (2019), This
theory focuses on children's ability to monitor and evaluate their own cognitive strategies. In
the context of puzzle-solving, the use of systematic trial and error indicates a certain level of
metacognitive awareness, where children are able to reflect on the effectiveness of their
approach and make necessary adjustments. This view raises critical questions about the
development of metacognitive awareness in children and how it can be facilitated in the
context of game-based learning.

The variations in the use of algorithms and heuristics observed among children challenge
assumptions about universal and linear cognitive development. These findings align more
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closely with Vygotsky's sociocultural perspective, which emphasizes the role of social and
cultural contexts in shaping cognitive development. This leads to critical theories about how
socio-economic, cultural, and environmental factors can influence the development of
problem-solving strategies in children. This perspective also raises questions about how
educational practices can be designed to address disparities in experience and exposure to
problem-solving activities such as puzzles.

Through these various elaborations, these findings lead to the formation of a new critical
theory about "distributed cognition in early childhood learning". This theory integrates
elements from dynamic systems theory, sociocultural perspectives, and the concept of
distributed cognition by Rottschaefer, (2017) to explain how children's problem-solving
strategies emerge from complex interactions between internal cognitive processes,
manipulation of physical objects (such as puzzle pieces), and social scaffolding from peers and
adults. This theory challenges the traditional dichotomy between "in-head" cognition and the
external environment, focusing on how cognitive tools like puzzles function as extensions of
the child's cognitive system. The implications of this theory extend to the design of learning
environments, curriculum development, and reconceptualization of what is meant by
"intelligence" in the context of early childhood development.

3.5. Implications of Findings for Early Childhood Learning and Stimulation

The implications of the findings for early childhood learning and stimulation yield positive
insights and potentially paradigm-shifting perspectives in early childhood education. Firstly,
the understanding of algorithms and heuristics used by children in puzzle-solving provides a
foundation for developing more differentiated and responsive learning approaches. This
aligns with Vygotsky's Zone of Proximal Development (ZPD) theory, which focuses on
providing appropriate support to facilitate children's cognitive development. However, these
findings also challenge traditional interpretations of ZPD by focusing on how children can
construct their own developmental zones through interactions with physical objects and their
social environment. This leads to a new conceptualization of a more flexible and child-
centered "dynamic development zone".

Secondly, the implications of these findings for curriculum design and learning
environments are substantial. Traditional approaches focused on linear knowledge
transmission are replaced by more complex and non-linear learning models. The theory of
complexity in education by Ramirez-Montoya et al., (2022) offers a useful framework for
understanding how learning environments can be designed to facilitate the emergence of
adaptive problem-solving strategies. This leads to the development of an "emergent learning
design theory" that integrates principles of complexity theory with insights from studies on
children's algorithms and heuristics. This theory asserts the need to create rich "spaces of
possibility" in learning environments, where children can explore, experiment, and develop
their own strategies.

Thirdly, these findings have implications for assessing cognitive development in early
childhood. Traditional outcome-based assessment approaches are increasingly questioned
for their relevance in the context of new understandings about the complexity of children's
cognitive processes. Instead, there is a growing need for more dynamic and process-oriented
assessment methods. The dynamic assessment theory by Bamford et al., (2022) offers a
promising framework, but needs to be expanded to include analysis of algorithms and
heuristics used by children in problem-solving. This leads to the development of a "cognitive
algorithm assessment theory," which focuses on identifying and analyzing problem-solving
strategies used by children, rather than just the end results of these processes.

DOI: http://dx.doi.org/10.17509/ cd.v15i2.74701
p- ISSN 2087-1317 e- ISSN 2621-8321



http://dx.doi.org/10.17509/%20cd.v15i2.74701

199 | Cakrawala Dini: Jurnal Pendidikan Anak Usia Dini, Volume 15 Issue 2, Nov 2024 Page 191-202

Fourthly, the implications of these findings for the role of technology in early childhood
learning are substantial. Understanding the algorithms and heuristics used by children can
inform the development of more sophisticated adaptive learning technologies. However, this
also raises critical questions about the potential impact of technology on children's cognitive
development. The instrumentation theory by Algahtani & Powell, (2018) offers a useful
perspective for understanding how technological tools can become an integral part of
children's cognitive processes. This leads to the development of a "cognitive-technology co-
evolution theory" that explores how interactions between children and learning technologies
can reciprocally shape children's cognitive development.

Finally, the implications of these findings for teacher training and professional
development are substantial. New understandings about the complexity of children's
cognitive processes demand new approaches in preparing early childhood educators. The
pedagogical content knowledge theory by Willermark, (2018) needs to be expanded to
include a deeper understanding of children's cognitive algorithms and heuristics. This leads
to the development of a "pedagogical algorithm competence theory" that focuses on
teachers' ability to identify, understand, and facilitate the development of children's problem-
solving strategies.

4. CONCLUSION

Based on the research results presented, it can be concluded that young children
demonstrate the ability to develop and apply algorithms and heuristics when playing puzzles.
Common strategies used include the edge-first approach, grouping based on color or image,
and systematic trial and error. Frequently utilized heuristics include shape-based search,
using images as guidance, and elimination of unsuitable options. Factors such as age, previous
experience with puzzles, and puzzle difficulty level influence children's strategy selection.
Analysis shows that the use of these algorithms and heuristics reflects complex cognitive
development, involving executive functions, metacognition, and visuospatial abilities. These
findings have implications for early childhood learning and stimulation, including the
development of more differentiated learning approaches, adaptive curriculum design, more
dynamic assessment methods, utilization of learning technologies, and more comprehensive
teacher training. This research opens new perspectives in understanding children's cognitive
processes and offers a foundation for developing more effective and responsive early
childhood education theory and practice.
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