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This article examines the relationship between pattern skills and Computational
Thinking (CT) in early childhood education, emphasizing their significance. Pattern
skills enable children to recognize repetitive sequences and structures in their
environment, laying the foundation for mathematical thinking. Computational
Thinking, a strategic approach to problem-solving, consists of four core components:
decomposition, pattern recognition, abstraction, and algorithm development. CT
supports problem-solving and cognitive flexibility in early childhood. The article
highlights the role of digital games and unplugged (non-digital) activities in developing
these skills. Tools like Scratch]r enhance children's algorithmic thinking, while physical
activities with tangible materials strengthen pattern recognition skills. In conclusion,
developing pattern skills and CT together improves children's analytical thinking,
problem-solving, and logical reasoning abilities.
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Introduction
The preschool period is a critical phase for children's cognitive, social, and linguistic development. Skills acquired during

this time have a significant impact on children’s future academic success. Pattern skills, in particular, allow children to
recognize repetitive sequences and regularities in their surroundings and develop reasoning abilities based on these
sequences. This skill is a cognitive process that forms the foundation for not only mathematical and linguistic
development but also problem-solving abilities (Clements & Sarama, 2007; Papadakis et al., 2016).

Pattern recognition is an important component of mathematical thinking and supports the development of
advanced mathematical thinking skills in preschool children. Clements and Sarama (2007) found that the ability to
recognize and create patterns plays a fundamental role in helping children learn more complex mathematical concepts
they will encounter in the future. For example, early mathematical skills such as number sequences, geometric shapes,
and rhythmic counting are closely related to the development of pattern skills (Clements & Sarama, 2007).

In recent years, the concept of Computational Thinking (CT) has also gained importance in this process. Wing
(2006) defines CT as a thinking skill that integrates problem-solving processes used in computer science into education.
The four main components of CT—decomposition, pattern recognition, abstraction, and algorithm development—
are particularly closely related to pattern skills in early childhood (Bers, 2018; Wing, 2006). CT skills help children gain

cognitive flexibility in their analytical thinking, logical reasoning, and problem-solving processes (Papadakis et al., 2016).
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Research shows that pattern skills and CT can be strengthened in early childhood through digital games, physical
materials, and everyday activities (Bers et al., 2014). For example, programming tools such as ScratchJr support children's
algorithmic thinking and pattern recognition skills, contributing to both cognitive and creative thinking processes (Bers
et al., 2014; Papadakis et al., 2016).

In this study, two closely related and mutually supportive cognitive skills, CT and pattern skills, will be introduced in

the context of early childhood education, and strategies and approaches for their development will be discussed.

Definition and importance of pattern skills

Pattern skills are defined as the ability to notice repetitive structures and regularities in the environment, as well as to
identify and make sense of similarities in objects and ideas. This skill plays a significant role in children’s cognitive
development and intensifies particularly during early childhood. The development of pattern recognition skills in
preschool helps children understand mathematical concepts. This skill facilitates the comprehension of fundamental
mathematical concepts such as number sequences, shapes, and geometric relationships. During early childhood, children
perceive the regularities in their environment, which helps improve their problem-solving and mathematical thinking
skills (Clements & Sarama, 2007).

Pattern recognition skills not only form the basis of mathematical thinking but are also strongly related to language
development. Rittle-Johnson et al. (2019) state that pattern recognition plays an important role in learning linguistic
patterns. Repetitive language structures, such as rhymes, songs, and rhythmic games, are particularly effective in the
language learning process. Through these types of structures, children internalize grammatical rules and develop greater
linguistic awareness, which in turn helps expand their vocabulary and improve their understanding of grammar (Rittle-
Johnson, Zippert, & Boice, 2019; Papadakis et al., 2016). Additionally, pattern recognition is not only limited to
cognitive and language development but also contributes to social-emotional growth. Sarama and Clements (2009) note
that pattern recognition activities enhance problem-solving and teamwork skills in children. Pattern-making activities
encourage collaborative learning, thereby contributing to the development of social skills and supporting children's self-
regulation abilities.

In summary, pattern recognition is a fundamental cognitive process acquired during early childhood, supporting
both mathematical and linguistic development. According to Papadakis et al. (2016), educational materials provided to
children should enable them to identify patterns in order to foster the development of these skills. For example, digital
tools and games allow children to experience patterns in a more concrete way, thereby strengthening their cognitive
processes. Children’s understanding of patterns follows a developmental trajectory. Table 1 shows the developmental
stages of pattern skills (adapted from Sarama & Clements, 2009, as cited in G6k Colak, 2020).

Table 1. Developmental Stages of Pattern Skills (Sarama & Clements, 2009; adapted from Gék Colak, 2020)

Age Range Developmental Progress Associated Pattern Skills

Around 2 years Pre-patterning Indirectly discovers patterns but does not recognize them as such.

3 years Pattern Identifier Verbally describes and identifies simple patterns.

4 years Pattern Repairer/Extender Completes or extends missing elements in a pattern.

S years Pattern Extender Continues simple repeating patterns.

G years Pattern Unit Identifier Identifies the smallest repeating unit and articulates the pattern rule.

) Transforms patterns displayed in different forms into numerical
7 years Number Pattern Identifier
patterns.

Types of Patterns

When the literature is examined, it is seen that there are pattern types such as repetitive patterns, expanding patterns,
number-shape patterns, linear patterns (Warren & Cooper, 2006, Blanton & Kaput, 2004, Palabiytk & Akkus Ispir,
2011). Jackman (2005) stated that for preschool children, stringing beads and placing nails according to a special pattern
such as blue, red, green and yellow is an example of a visual pattern, and repeating or saying sounds (such as soft, loud,

soft, loud, soft) over and over again and then having children repeat this sequence is an example of a verbal pattern. The
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teacher reading the template using simple words: circle, square, circle, square, circle, square, circle, square or
a,b,a,b,a,b,a,b. In parallel with this information, Copley (2002) includes repeating the features of the pattern such as
number, color, object, shape and movement in the same order. For this purpose, he stated that activities such as
recognizing, defining and extending the pattern according to the rule can be done with children (Kesicioglu, 2013).
While some researchers divide patterns into two groups as recurrent and changing (Olkun & Toluk-Ugar, 2014: 94),
some publications divide them into three groups as recurrent, expanding and relational (Sperry-Smith, 2012). While
there is a literature (Sperry-Smith, 2012) that defines repetitive patterns as a single group, there is also a literature that
divides them into three as linear, cyclical and hopscotch patterns (Papic, 2007). Changing patterns are defined as a single
type of pattern that increases or decreases depending on a certain rule (Olkun & Toluk-Ugar, 2014: 94), as well as studies
that divide them into two as increasing and decreasing (Mulligan & Mitchelmore, 2009). In relational patterns, there is
a relational regularity. As a result, when the literature was examined, it was seen that there are different definitions of
pattern types and that pattern types contain some differences, even if they are inclusive of each other (G6k Colak, 2020).

Examples of some of the pattern types are presented below.
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Figure 1. Some examples of pattern types
Computational Thinking
Computational Thinking (CT) is a way of thinking that utilizes problem-solving processes from computer science to
develop individuals' ability to break down and solve complex problems. CT is not limited to computer science; it can
also be applied to everyday life and across various disciplines. Wing (2006) defined CT as a fundamental approach aimed
at enhancing individuals' capacity to think systematically and solve problems. This model consists of four core

components that can be applied in different disciplines:

Decomposition: The process of breaking down a complex problem into smaller, more manageable parts. This step helps
improve understanding of the problem and facilitates finding a solution. Shute et al. (2017) highlighted that the ability
to break down problems is particularly effective in developing problem-solving strategies among young students.
Decomposition helps children handle complex information in smaller segments and address each part separately to form
an overall solution.

Pattern Recognition: The ability to identify similarities and repetitive structures. Pattern recognition allows children
to establish relationships between problems and use previous experiences to tackle new problems. Bers (2018)
emphasized that pattern recognition is one of the key components of CT, enabling children to improve their problem-
solving abilities by connecting with repeating structures. Pattern recognition helps children solve new situations based
on prior experiences. For example, recognizing repeating structures in a math problem can accelerate the problem-

solving process (Papadakis et al., 2016).
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Abstraction: The ability to focus only on the important aspects of a problem while avoiding unnecessary details. This
process involves identifying the most critical information within large data sets or information groups. Lu and Fletcher
(2009) noted that abstraction helps students grasp the essence of complex problems. This skill allows students to solve
both mathematical and scientific problems more efficiently. Abstraction directs children's focus to the necessary
information, making the problem-solving process more effective (Wing, 2006).

Algorithm Development: The process of defining a sequence of steps to solve a specific problem. This step plays a
critical role, especially in programming and computer science, but is also highly useful in solving everyday problems.
Brennan and Resnick (2012) stated that algorithmic thinking helps children systematize the problem-solving process
and achieve more effective results. Algorithms allow children to create a roadmap for solving a problem, and this process

is particularly important for mathematical and technical problems.

Decomposition Algorihtm

Breaking down a complex problemor Developing a step-by-step solution to
system into smaller, more manageable the problem or rules to follow to solve
parts the problem

Foundational Computational

Thinling Skills

Abstraction Pattern Recognition

Focusing on important information Looking on for similarities among and
only, ignoring irrevelant details within problems

Figure 2. Steps of Computational Thinking (ISTE, 2016)

These four components are critical in developing children's analytical thinking and problem-solving abilities. The
components of CT enrich children’s cognitive processes and enable them to tackle more complex problems. Since
computational thinking helps improve problem-solving and critical thinking skills, it is highly beneficial for children. By
following the process of breaking down a problem to create an algorithm, children learn to approach problems logically
and systematically. Computational thinking also helps children develop creativity and innovation skills as they are
encouraged to think outside the box and come up with creative solutions to problems. Additionally, computational
thinking promotes communication and collaboration skills as children work with others to solve problems and share
their solutions and ideas.

The components of CT are closely related to pattern skills. Pattern recognition helps children notice repeating
structures in the problem-solving process and establish connections between them. Bers (2018) emphasized that pattern
recognition is one of the most fundamental components of CT, allowing children to make logical inferences in their
cognitive processes. Pattern recognition is particularly noted as an effective tool in the development of algorithms (Wing,
2006). Papadakis et al. (2016) suggested that CT skills can be strengthened in early childhood through digital games and
activities. These activities play an important role, especially in supporting algorithm development and pattern

recognition skills.

The Relationship Between Computational Thinking (CT) and Pattern Skills in Early Childhood Education
Computational Thinking (CT) and pattern skills are two closely related and mutually supportive cognitive skill sets in

early childhood education. During this period, children develop their problem-solving abilities through processes of
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recognizing and solving patterns. Wing (2006) and Bers (2018) specifically argue that pattern recognition is one of the
core components of CT, reinforcing children’s cognitive processes such as logical reasoning and problem-solving.
Research has shown that developing pattern recognition skills in early childhood contributes to children’s success in
more complex problem-solving processes in later years.

Pattern recognition skills are not limited to mathematical abilities but are also related to language development and
general cognitive processes. Rittle-Johnson and Saylor (2013) state that children learn sentence structures and grammar
rules more easily by recognizing linguistic patterns. This demonstrates that pattern recognition contributes to children's
broader cognitive development. Repetitive language activities, such as rhymes, songs, and rhythmic games, strengthen
children's pattern skills and help them better understand linguistic structures (Papadakis et al., 2016).

Digital programming tools also contribute to the development of these skills. Tools such as Scratch]r teach children
problem-solving and algorithmic thinking processes, allowing them to recognize and work with patterns. Brennan and
Resnick (2012) highlighted that programming tools like ScratchJr create a multidimensional impact on children's
cognitive development, supporting not only mathematical thinking but also analytical and creative thinking skills.
Activities related to pattern recognition through digital tools also help children structure their problem-solving processes
while supporting their algorithmic thinking skills (Kazakaoff et al., 2013; Bers, 2018).

Unplugged activities, or non-digital activities using physical materials, also play an important role in this process.

Papadakis and Zaranis (2016) noted that pattern-creation games with tangible materials strengthen children's cognitive
processes and particularly contribute to their mathematical thinking skills. These types of activities help children
understand abstract concepts by making them more concrete, allowing for greater flexibility in problem-solving
processes. Sorting and patterning games using blocks, shapes, and beads contribute to the development of pattern
recognition skills through concrete experiences (Lee et al., 2019).
More broadly, Brennan and Resnick (2012) emphasized the multidimensional impact of programming education on
children's cognitive development. Such educational approaches not only support children's algorithmic thinking skills
but also strengthen their pattern recognition and problem-solving processes. Research shows that introducing these
skills in early childhood enhances children’s mathematical and scientific thinking abilities in later years (Papadakis et al.,
2016).

Pattern recognition is entirely dependent on a child's ability to analyze objects and images. A child can recognize
what is the same and what is different. This ability significantly influences a child's capacity to combine different patterns
and predict the next outcome. Pattern recognition greatly assists in making specific decisions, making it easier to handle

different situations.

Strategies for Developing Pattern Skills and Computational Thinking

Developing Computational Thinking (CT) and pattern skills in early childhood significantly contributes to children's
analytical thinking, problem-solving, and cognitive flexibility. These skills can be supported through digital and physical
tools, various games, and activities, promoting both cognitive and socio-emotional development. Below are some

strategies that contribute to the development of these skills:

Digital Games and Programming Activities

Digital games and programming activities are highly effective in developing CT and pattern skills in young children.
Programming tools like ScratchJr provide children with opportunities to develop algorithmic thinking and pattern
recognition skills. Scratch]r enables children to identify repeating sequences and create algorithms based on these
sequences. Papadakis et al., (2016) emphasized that Scratch]r greatly contributes to children's cognitive development,
enhancing their creative thinking and problem-solving skills. Additionally, the use of digital programming tools allows

children to create algorithms and make their problem-solving processes more systematic (Bers et al., 2014).
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Figure 3. An example from the Scratch]r program
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Not only do digital games promote cognitive development, but they also make learning enjoyable for children. As
Brennan and Resnick (2012) pointed out, introducing programming to children at an early age lays a strong foundation
for developing their algorithmic thinking abilities. During this process, children gain the skills to recognize repeating
patterns and manipulate these patterns. Kazakaoff et al., (2013) noted that digital game-based programming tools are
effective in helping children develop cognitive flexibility.

Unplugged (Non-Digital) Activities

In addition to digital tools, unplugged activities—games and activities using physical materials—are also effective in
developing CT and pattern skills. These activities support children's cognitive processes by engaging them in games with
tangible materials. Lee et al. (2019) emphasized that sorting and pattern-making games using colorful blocks, shapes,
and beads help children learn abstract concepts through concrete experiences. Tangible materials allow children to

recognize patterns, create algorithms, and apply these algorithms in a hands-on way.

Figure 4. Unplugged Activities example pattern generation

Shute et al. (2017) found that children’s problem-solving skills are enhanced through non-digital activities,
improving their cognitive flexibility and creative thinking capacities. These activities also encourage collaboration and

problem-solving through social interaction, especially in group settings.

Rhythmic Activities and Songs

Rhythmic activities and songs play a key role in children’s linguistic and cognitive development. Clements and Sarama
(2007) noted that rhythmic patterns not only improve children’s language skills but also support their pattern

recognition and mathematical thinking abilities. Rhymes, songs, and clapping games help children notice repeating
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structures and reflect on them. Rittle-Johnson and Saylor (2013) emphasized that learning linguistic patterns helps

children better grasp grammar and sentence structures.

Clap, Stomp, Clap, Stomp, Clap, Stomp
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Figure 5. Rhythmic activities and songs pattern example

Rhythmic activities not only strengthen linguistic awareness but also enhance children's cognitive processes. For
example, by identifying repeating sound patterns through songs and rhymes, children improve their understanding of
both language and mathematical concepts. These activities develop children's ability to recognize patterns and make

inferences based on those patterns.

Educational Policies and Curriculum Development

Integrating CT and pattern skills into early childhood education is a critical step in supporting children's cognitive,
social, and academic development. Introducing these skills early allows students to develop problem-solving, analytical
thinking, and logical reasoning abilities at a young age (Wing, 2006). Education policies and curricula should be
structured to support the development of these skills, as this will directly impact future academic success.

CT should be integrated into curricula as an interdisciplinary approach, not just limited to computer science.
Brennan and Resnick (2012) argued that integrating CT with other disciplines enhances students' ability to think
multidimensionally and that introducing this skill as part of the curriculum at an early age is crucial. Similarly, Papadakis
and Zaranis (2016b) highlighted that integrating CT into education through digital tools strengthens children's pattern
recognition skills. Therefore, educational policies should be designed to place special emphasis on these areas.

The curriculum should be enriched with both digital tools and physical materials. Shute et al. (2017) found that
enriching curricula with digital technologies encourages students to collaborate both in individual and group activities.
Therefore, developing policies that increase access to digital programs and technology in schools is important for
ensuring equal educational opportunities.

Supporting curricula with unplugged (non-digital) methods is also recommended. Lee et al. (2019) found that
unplugged activities help children develop pattern and algorithmic skills with tangible materials, allowing them to build
cognitive processes that succeed even in non-digital environments. Integrating such activities into the curriculum would
enable the spread of CT even in regions with limited access to digital technologies. Increasing professional development
opportunities for educators to contribute to the development of these skills is essential. Bers et al. (2014) pointed out
that teachers' familiarity with digital tools supporting CT and pattern skills enhances the success of classroom
applications. In this regard, curriculum developers should create policies that support teacher education and the

integration of technological tools.
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Finally, incorporating CT and pattern skills into education from an early age plays a critical role in helping children
acquire 21st-century skills. The studies of Papadakis and Zaranis (2016) show that these skills improve children's

collaboration, creative thinking, and problem-solving abilities in both individual learning and group-based activities.

Conclusion
Pattern skills and Computational Thinking (CT) are two critical skills that support children’s cognitive, social, and
academic development during the preschool period. These skills strengthen children's problem-solving, logical thinking,
and algorithmic thinking processes. Specifically, Clements and Sarama (2007) emphasized the impact of pattern skills
on mathematical and language development, while Wing (2006) and Brennan and Resnick (2012) presented important
findings on how CT enhances children's interdisciplinary thinking abilities.

Educators planning activities that encourage these skills through both digital and physical tools will make significant
contributions to children’s future academic success. Papadakis et al. (2016) noted that programming activities supported
by digital tools help children develop both pattern recognition skills and algorithmic thinking abilities. Meanwhile, Lee
etal. (2019) demonstrated that unplugged activities can be successfully implemented even in regions with limited access
to digital tools.

In conclusion, CT and pattern skills are two important cognitive processes that complement and develop together
during early childhood. Activities supported by digital tools and tangible materials contribute to the development of
these skills, strengthening children’s problem-solving, analytical thinking, and logical reasoning abilities. These processes

also support children’s cognitive as well as socio-emotional development (Bers, 2018).
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