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Abstract

This is a conceptual paper based on existing literature aiming to provide practical information on designing and implementing
activities to promote children’s computational thinking. Computational thinking is a relatively new term in early childhood
education that refers to a specific problem-solving thinking process involving various logical and analytical thinking skills.
Four foundational skills have been identified as core thinking skills of computational thinking: decomposition, abstraction,
pattern recognition, and algorithm. We explain these four skills in this paper and their practical applications to teaching and
learning in early childhood education. Early computational thinking skills are found in common early childhood activities.
This paper identifies activities teachers can use in the classroom to explicitly promote children’s computational thinking
and provides a new perspective on how to adapt classroom activities to integrate computational thinking. In particular, we
emphasize the need to vary the demands of the content in the activity and incorporate computational thinking based on
children’s needs and development to ensure that children progress through the thinking process.
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Computational Thinking is considered a universal on Wing’s perspective as “a creative way of thinking that
competence, which should be added to every child’s empowers individuals to be systematic problem-solvers,
analytical ability as a vital ingredient of their school enabling them to identify problems, then brainstorm and
learning (Voogt et al., 2015, p. 714). generate step-by-step solutions that can be communicated

and followed by computers or humans” (para. 2).
Computational thinking has become a critical core com-
petency in the twenty-first century (Partnership for 21st
Century Skills, 2009) to help children become creative and
systematic problem solvers in a digital society (International
Society for Technology in Education [ISTE], Computer
Science Teacher Association [CSTA], & National Science
Foundation, 2011). ISTE emphasizes the goal to help all
students become computational thinkers who understand and
control computing to innovatively solve problems (ISTE,
2021). The importance of CT has been well recognized in
upper elementary through secondary education (e.g., Barron
et al., 2011) and various efforts have been made to promote

Introduction

Computational thinking (CT) is not an outcome, but a think-
ing process (Wing, 2008) which begins with identifying a
problem and continues until the problem is successfully
solved. It is a specialized process of “solving problems,
designing systems, and understanding human behavior, by
drawing on the concepts fundamental to computer science”
(Wing, 2006, p. 33). Lavigne et al. (2020) defined CT based
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science (Chongo et al., 2020), the foundations in very young
children are currently lacking. The term “CT” is relatively
new and an emerging concept in early childhood education,
and little is known about how to promote children’s CT in
a classroom setting. When implementing CT activities in
early childhood classrooms, it is important to consider the
development of the children. It has been well affirmed that
four- and five-year-old children learn best through concrete
and hands-on play-based activities (Bers, 2018b; NAEYC,
2020; Lee, 2019; Piaget, 1957). Common activities and play
can be adapted as ways to build their CT skills. When chil-
dren engage in hands-on CT activities, they acquire early
CT skills necessary to become tool creators in addition to
become a tool user capable of solving complex problems
creatively and efficiently (Sykora, 2021) by applying vari-
ous skills.

In particular, four major thinking skills of CT have been
identified by ISTE and CSTA: decomposition, abstraction,
pattern recognition, and algorithm. Examples of decompo-
sition activities appropriate for young children are puzzles,
block play, planning an event, and identifying the separate
steps of an activity such as handwashing. Examples of
abstraction include “Simon Says” and “Who Am I”” games
and using prompt questions during story time to help chil-
dren focus on the sequence of the story. Any sorting and
patterning activities are the foundation of pattern recognition
skill. Finally, helping children come up with a step-by-step
solution to a problem or to complete a task promotes young
children’s algorithm skills. In this paper, we present activity
and play ideas aligned with the four major CT skills and a
framework for how to adapt common classroom activities to
integrate computational thinking.

Computational Thinking as Critical Thinking
Skills

In her seminal work on computational thinking, Wing
(2006) not only coined the term “computational thinking”
(which had been conceptually discussed by Papert, 1980)
but notably said, “[t]o reading, writing, and arithmetic, we
should add computational thinking to every child’s analyti-
cal ability” (p. 33). She conceptualized CT as fundamental
to computer science but not reserved for computer scientists.
Lu and Fletcher (2009) claim that “CT is not about getting
humans to think like computers, but rather about developing
the full set of mental tools necessary to effectively use com-
puting to solve complex human problems” (p. 1). That is, CT
is a set of mental tools that allow for creative and systematic
problem solving, which is necessary for computing but not
unique to it (e.g., Hemmendinger, 2010; Yadav et al., 2011).

In other words, a computer is not needed for computa-
tional thinking, but computational thinking is required for
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effective and efficient computing. Both computing skills
and coding are increasingly appearing in school curricula
and standards (e.g., Barron et al., 2011; ISTE, 2016); CT is
needed for both coding and computing. Further, foundational
CT-related analytic and problem-solving skills are generally
applicable beyond computing. While a discussion of com-
puting in early childhood is beyond the scope of this paper,
we note that computing is not only often cost-prohibitive,
but also somewhat contentious (see National Association
for the Education of Young Children [NAEYC], 2012). For
these reasons, our approach to CT in early childhood pre-
sented in this paper is “unplugged,” meaning that it does not
rely on access to computer hardware to implement.

Foundational Computational Thinking Skills

Computational thinking is a whole thinking process of solv-
ing problems involving a system for identifying a problem,
planning the steps to solve the problem, executing a plan,
detecting errors, and fixing the errors to make the plan
work. Solving a problem involves various thinking skills.
Four major skills are salient when engaging in CT activities,
starting from decomposition and going through the pattern
recognition and abstraction processes, and finally creating
an algorithm to solve a complex problem in an efficient
way (Lynch, 2019). These four skills have been commonly
accepted when explaining computational thinking skills
(e.g., CSTA, ISTE, Code.org, Google, etc.). In this paper,
we also use these four major skills as the foundation for early
childhood activities. The following figure displays each of
these skills with a brief description (Fig. 1).

Decomposition

Decomposition requires an analytic factorizing process
of breaking down a complicated problem or system into
smaller, more manageable pieces (Valenzuela, 2020). That
is, decomposition is a deconstructing process:

The ability to break down a large problem into smaller
parts is important for many real-world tasks. To
decompose a problem effectively, one must understand
its constraints, generate potential solutions, and evalu-
ate the strengths and weaknesses of those solutions.
Importantly, these steps are often better taken before
one acts; attempts to achieve a complex task without
proper planning can lead to unnecessary effort to cor-
rect a mistake or even irreversible failure. (Dietz, et al.,
2019, p. 1).

Abstraction is the filtering out of unnecessary or
unneeded details for solving a problem. “Filtering out” is
essentially a process by which information that might other-
wise be a distraction from problem solving is ignored. This
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allows the most important and relevant information to be
prioritized. Without abstraction, identifying how to solve the
problem and solving it may be more challenging.

Pattern Recognition

Fattern recognition is the skill of sorting out similarities and
differences or identifying patterns among and within prob-
lems. Problems are easier to solve when patterns are recog-
nized; common patterns and their solutions can be applied to
new problems that share the same patterns. Without pattern
recognition, each problem is new and novel so that problem
solving or information processing does not become more
systematic and efficient. Further, without pattern recogni-
tion, sorting by characteristics or by similarities and differ-
ences is especially challenging. Characteristics—those fea-
tures or qualities belonging to a group, thing, or person—are
used to make sense of much of the world and to organize
our thinking.

Algorithm

An algorithm is the step-by-step plan for solving problems.
Algorithm design is the process of developing a step-by-
step solution to a problem or the rules to follow to solve a
problem. The steps of an algorithm represent the actions
to be taken to solve a problem efficiently and effectively.
This plan must be correctly ordered, have a clear start and
end, include all necessary steps in-between, and contain all
relevant information. Execution of the algorithm is also part
of the algorithm skill.

Relationship Between Foundational Computational
Thinking Skills

When problems are decomposed, patterns are identified and
unnecessary information can be disregarded. These skills
allow for a “making the problem easier” process—a prob-
lem is made smaller through the decomposition process that
breaks it down to more manageable smaller problems. From
the set of smaller problems, patterns of previously solved
problems (and their solutions) might be found and applied.
While looking for patterns within these smaller problems,
it is also easier to recognize unnecessary information, that
is, abstraction. Through algorithms, a blueprint or map or
simple steps or rules can be developed and implemented
to solve each of the smaller problems. With a set of solu-
tions to the smaller problems, the original problem can be
solved. In computing, the set of algorithms, when executed,
are the program that solves a complex problem efficiently.
Altogether, CT involves the understanding that good plans
achieve a goal effectively and efficiently (Dietz et al., 2019).

Conceptual Perspectives

Approaches to Computational Thinking
Development

A review of the literature reveals two primary approaches
to supporting CT development in the classroom (Martin,
2018; Weintrop et al., 2016). One approach promotes CT
as a distinct subject, developed through computer science
courses or units of instruction. This approach, which has
been adopted in many schools, requires scheduled time
in the school day for computer science study, advanced
teacher expertise, and resources specific to CT concepts
(Merino-Armero et al., 2021). As part of this approach,
“coding” has been widely used in education to promote
children’s CT development. In fact, many states have
implemented coding in their curricula, requiring students
from kindergarten through grade 12 to learn how to code
(ISTE, 2017).

The other primary approach to supporting CT devel-
opment is to integrate content with CT (e.g., Lee et al.,
2019). From this perspective, the set of critical thinking
skills or thought processes that comprise CT are elicited
through problem-solving activities grounded in existing
content and embedded into the overall school curriculum.
Such integration of CT and content is commonly done
in the science, technology, engineering, and mathematics
fields. This approach has been found to be effective in kin-
dergarten through grade 12 Computer Science education
(Merino-Armero et al., 2021).

Integrated Approach to CT in Early Childhood

Children’s development and learning are closely inter-
twined (NAEYC, 2009). That is, there is a reciprocal rela-
tionship between children’s development and their learning
(Institute of Medicine and National Research Council of
the National Academies, 2015), as growth in one leads to
growth in the other. Early childhood is an important time
for young children to grow, play, and explore the world
they live in through “active, meaningful engagement”
(NAEYC, 2020, p. 9). Developmentally, it is a life stage
characterized by genuine curiosity and desire for learn-
ing. Children are born with innate curiosity (Stephens,
2007), wanting to know about the natural world and the
artificial world, the world of emotions and the world of
ideas, the world by themselves and the world with oth-
ers in social contexts. For young children to develop new
knowledge, they need hands-on experiences to construct
their learning (Bransford et al., 2000). In early childhood
education curricula, an integrated approach to learning
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and development is preferred (NAEYC, 2009). Therefore,
we adopt an integrated approach to incorporating CT skill
development.

Research suggests that it is critical in early childhood to
provide children with certain types of learning experiences
to practice critical thinking skills (Ramey & Ramey, 1999).
Lavigne et al. (2020) claim that CT is the one of those think-
ing skills to which children must be intentionally exposed
to help them practice CT skills. They suggest implementing
unplugged daily activities to promote young children’s CT
as appropriate in early childhood, such as setting up the table
for guests following steps to promote algorithm skills (e.g.,
identifying the number of guests, covering the table with a
tablecloth, gathering and placing plates, cups, and cutlery,
etc.), discussing the sequence of steps for making a peanut
butter and jelly sandwich, using scenario-based problems,
and so forth. In addition, current CT-related literature in
early childhood recommends unplugged activities integrat-
ing stories or children’s literacy practices to tell major events
of the story in a sequence (Lavigne & Wolsky, 2021; Lee &
Jo, 2019).

In this paper, we also focus on unplugged activities and
present the integration of computational thinking skill
development in common classroom activities used in early
childhood for development and learning; we contend that
in early childhood, CT can be engendered through an inte-
grated-with-existing-curriculum approach. These activities
are concrete, hands-on, and play-based, and thus appropri-
ate for children’s development and interests. They are also
unplugged, so they do not rely on any computer-based tech-
nology to promote CT. For example, we illustrate how CT
is embedded in common classroom activities from hand-
washing to sorting toys and manipulatives and even plant-
ing seeds. Further, we explain how teachers can both adapt
additional classroom activities to support children’s CT skill
development and differentiate those activities to meet the
needs of all learners.

Common Early Childhood Classroom
Activities Based on Foundational CT Skills

Targeted and focused opportunities to practice the founda-
tional CT skills in a developmentally appropriate manner
such as a play-like setting are necessary to promote chil-
dren’s CT. In this section, we present common early child-
hood classroom activities that engender each of the four
foundational CT skills, organized by skill.

Classroom Activities Supporting Decomposition
Skills

Practicing decomposition ultimately helps children solve
complex problems efficiently by breaking the whole problem
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into smaller pieces. Some common early childhood activities
to help children practice decomposition skills are described
below, including puzzles and blocks, planning an event, and
washing hands.

Puzzles and Blocks

Puzzles and blocks are common activities that support young
children’s mathematical thinking and spatial sense (Lee
et al., 2009). They are also great resources for developing
decomposition skills to strengthen children’s CT develop-
ment. The nature of puzzles enables children to see whole
pictures and requires them to place decomposed pieces
to make the whole by placing puzzle pieces into the right
places. A puzzle itself is based on composition and decom-
position principles. That is, a whole puzzle set breaks down
to small pieces (decomposition) and small pieces add up to
a whole puzzle set (composition). Puzzle complexity ranges
from the number of total pieces to the configuration of each
piece fitting uniquely into the frame to pieces fitting against
each other to fill the frame.

In early childhood, children often play with blocks, such
as when they build towers, tracks, and homes for their toys.
When integrating picture cards of completed block buildings
with block play activities, children see both the individual
block pieces (the decomposed pieces) and a completed
building in a picture (a composed set). Children can use
picture cards to replicate buildings, finding the same pieces
and putting them together as they see in the photo (Lee et al.,
2015). This activity helps them experience the composition
and decomposition processes.

Planning an Event

Planning any sort of event involves many steps, which
are helpfully captured in a list. The list may include tasks
like “write invitations” and “get snacks and party favors.”
Early childhood classrooms may plan holiday observances,
classroom visit days for friends and family, or field trips
into the community. Young children can help decompose
these scenarios to create lists of manageable tasks. Splitting
responsibility for tasks among groups of children can pro-
mote communication and collaboration as well as feelings
of belongingness. For instance, a group of children may be
responsible for preparing an area of the classroom that will
welcome parents and friends to the room.

Literacy and reading can be incorporated into these activ-
ities as well. Writing invitations and thank you notes is a
common classroom literacy practice that can be broken into
smaller tasks and divided among children. The young chil-
dren’s book Dragons Love Tacos (Rubin & Salmieri, 2012)
can serve as inspiration for a classroom taco party. The
teacher reads the text and the class learns that taco shells,
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chicken or beef, cheese, tomatoes, and lettuce are needed
for the tacos, but the dragons cannot have spicy salsa! For
the party, children can decompose tasks to list entertain-
ment (music), decorations (perhaps made by hand during
art time), and food. Guests can come to the party and build
their own tacos, enjoying the dragon-inspired decorations
created by the children and displayed around the room. This
activity promotes not only the decomposition CT skills, but
also literacy and social and emotional learning.

Handwashing

When children are tasked to wash their hands, they must
decompose the whole task into steps. A teacher may have
whole-group discussions with children about why they wash
their hands and facilitate discussions on how they should
wash their hands. This discussion can be tailored to help
children practice decomposition thinking skills: the steps
should come from the children’s discussions. A teacher
may use guided questions to cover all five steps of washing
hands recommended by the U.S. Centers for Disease Con-
trol (2021): wet, lather, scrub, rinse, and dry. Once children
come up with the steps, they can create their own “how-to”
posters with written and illustrated steps for handwashing.
This functions as a resource that helps children visualize
the decomposed tasks, and they can also use the poster to
remind them what to do next as they wash their hands. Dis-
playing children’s posters in various locations in and outside
of the class (e.g., on the classroom wall, in the restroom, at
the entrance of the classroom) provides children with visual
representations of decomposed tasks as well as the correct
steps for washing their hands.

Classroom Activities Supporting Abstraction Skills

Abstraction is an advanced thinking skill that is often
considered to be acquired during the elementary years.
However, it is necessary to build foundational abstraction
skills from early childhood. Abstraction enables children
to ignore irrelevant information or details by focusing on
important information to complete a task. The abstraction
process helps children think about problems more easily by
reducing unnecessary information or steps (Cansu & Cansu,
2019). Activities that support children’s abstraction skills
include “Simon Says” and “Who Am I’ games. Story time
also provides various opportunities to help children practice
abstraction skills (e.g., having children retell the main events
of a story).

“Simon Says” and “Who Am I?” Games

Playing “Simon Says” is a good way to help children practice
focusing on important information and ignoring irrelevant

information. When children hear “Simon Says,” they follow
the command Simon has given (e.g., “Simon says, jump 2
times!”). If a command is given without the “Simon says”
preface, they should ignore the command. To incorporate
mathematics into the game, “Simon” may ask children to tap
their knees a certain number of times, for example. Adding
a numeric value to the actions allows children to practice
counting and incorporating movement with counting, which
helps build important subitizing skills and awareness of the
comparative size of numbers.

In “Who Am I?” or “I Spy” games, children pretend to
be detectives looking for a person or object that has particu-
lar attributes. These games can also incorporate mathemat-
ics. For instance, the teacher may describe a hidden shape
with three straight sides and three angles and ask children
to identify what the shape is. Children can also be asked
to find a shape in the classroom with the same character-
istics before revealing the hidden shape. For example, the
teacher may request that the children find a shape “with
three straight sides,” tasking them to find triangles around
the room. Children practice paying attention to the important
information to complete the tasks (e.g., finding shapes with
certain attributes).

Interesting teacher-made scenarios help children focus
on important information. For example, children may play
“Who Am I?” by looking at the shape, size, and imprint of
footprints to identify the origin of the prints. During this
activity, as children refine their observations, they eliminate
the choices that do not match the given attributes. For exam-
ple, if the footprint is of a bare foot, then everyone wearing
shoes can be eliminated. As children work through these
scenarios, they develop abstraction skills.

Story Time

Early childhood classroom story time is filled with teacher-
scaffolded abstraction. When reading, a teacher uses prompt-
ing questions to help children focus on the main story of the
book. For example, along with reading The Very Hungry
Caterpillar (Carle, 1969), a teacher may ask, “What did the
caterpillar eat on Monday?” “Tuesday?” “Wednesday?”” and
so forth. These probes enable children to focus on the main
events of the story. Prompts play an important role during
reading to help children practice their abstraction thinking
skills.

Illustrations that draw children’s attention to a book as
they grapple with the interactions between written text and
illustrations, which rarely tell quite the same story (Wolfen-
barger & Sipe, 2007), also help build ability in abstraction.
As young children make meaning from interactions, they
become active meaning-making agents by sorting, combin-
ing, and reconciling the information coming from words
and illustrations (Sipe, 1998). Teachers can facilitate this
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development by leading deep conversations about books
and by using tools such as anchor charts with pictures of
main events that help children focus on important informa-
tion from the book. The events presented in the chart can be
pre-selected by the teacher or co-constructed with children.
As children become familiar with anchor charts, they can
create their own charts of the books read in the classroom
and organize them by various traits (e.g., genre, settings,
characters). This will promote children’s abstraction think-
ing skills as they select important information from books
shared in the classroom.

Classroom Activities Supporting Pattern
Recognition

Pattern recognition is a skill that involves sorting out simi-
larities and differences or identifying patterns among and
within decomposed small pieces of the larger problem (Lee
& Jo, 2019). Pattern recognition is critical for helping chil-
dren process information by organizing it to solve a complex
problem more effectively based on their previous experi-
ences of recognizing patterns. For example, when children
know how to tie a shoelace, the task of tying a ribbon is
comparatively easy. The following presents early childhood
activities that support children’s pattern recognition based
on sorting and patterning activities.

Sorting and Patterning

Many early childhood classroom activities include sorting
and patterning. For instance, when given plastic chain links
or blocks or connecting cubes of multiple colors, children
can sort them into groups of same colors or create chains of
repeating color combinations. Color is not the only sorting
or patterning characteristic to use, of course. Mathemati-
cal sorting often happens when children are asked to sort
shapes by their attributes or characteristics, such as size,
form, and function. Sorting items helps children attend to the
characteristics that are important (e.g., the number of sides
of shapes) and those that are not (at least not for that par-
ticular sort, e.g., the size of the shape). Patterning, like that
done with a series of colored blocks or a series of shapes,
can be repeated multiple times. Doing so requires children
to attend to precision, making sure their repetitions match
those previously made. Mathematical patterning in early
childhood predicts later mathematical achievement even
more strongly than counting (Rittle-Johnson et al., 2016).
Mathematical patterning may involve sequencing numbers,
counting aloud every other number, or repeating arrange-
ments and sequences of items, like shapes.

In early childhood classrooms, cleaning up is a common
activity performed between events like playing with toys
indoors and snack time. Clean-up time provides children
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with opportunities to practice important CT skills focus-
ing on patterns by applying sorting and patterning skills.
When it is time to clean up, children sort play materials and
place them in their assigned places. For example, children
place the same types of blocks in a specific container or
shelf: LEGO® blocks go to the LEGO® block container and
unit blocks go to the unit block container. This is a simple
everyday activity that helps children organize and process
information by recognizing patterns.

Daily Routines

Displaying and reviewing daily routines helps make chil-
dren aware of patterns of daily routine sequences (e.g.,
what to do). Children’s days revolve around patterns and
sequences—arriving at school, participating in story time,
washing hands, having a snack. When children know the
pattern of their daily classroom or home routines, they know
what to expect next. Teachers can support young children’s
development of pattern recognition through the patterns of
fixed daily routines, displaying visual routine agendas and
reviewing them with children. In addition to patterns found
in daily routines, calendar time is full of patterns, such as
days of the week, and many stories feature patterns, such as
those found in cumulative tales (e.g., The House that Jack
Built (e.g. retold by S. Taback), The Enormous Turnip (e.g.
retold by B. McBeath), and The Mitten (e.g. retold by J.
Brett).

Classroom Activities Supporting Algorithm Design
Skills

Algorithm design is the process of developing a step-by-
step solution to a problem or the rules to follow to solve a
problem (Lee et al., 2021). Algorithm is the final stage of
decomposition, pattern recognition, and abstraction in which
a set of rules is created to solve a problem. Algorithm is
closely related with decomposition in that it involves a set of
decomposed steps; however, the purpose of algorithm design
is to create the most efficient procedure by arranging those
decomposed steps (Lee, 2020). Activities such as making a
taco, setting a table for guests, tying shoelaces, and treasure
hunts support children’s skills for algorithm design.

Making Tacos and Setting and Serving a Table

In the planning a party activity previously mentioned, tacos
would be served. Extending this activity to encompass algo-
rithm design can include spending literacy time writing a
“how-to” that instructs party guests on how to assemble
their own tacos. Young children enjoy assembling their own
tacos, learning what happens when they don’t follow the
algorithm (it’s hard to skip the shell!), and advising their
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guests on how to make the best taco. Setting a table for snack
or mealtime or the taco party and then serving the food also
supports children’s algorithm design. They need to think
through the order in which they will serve items and how
they will set the table. For instance, the cups will be easy
to distribute if they are empty and then filled at the tables.
Napkins should be placed before the utensils, which hold
those napkins down and then don’t themselves touch the
table. To add a mathematical emphasis to these common
early childhood classroom activities, ask students to identify
how many of each setting they’ll need so that they count out
the number of people at their table and recount that same
number when getting the settings.

Tying Shoelaces and Treasure Hunts

Tying shoelaces and treasure hunt activities are good ways
for children to practice algorithm skills. Tying a shoelace
is a complex task for young children, as they must follow
specific and exact steps to successfully tie their shoelaces.
As there are several methods of tying shoelaces, children
may select the most efficient way to complete the task fol-
lowing the step-by-step procedure. For example, one way
is to first take each side of the lace in each hand; second,
cross them over and end with the first knot; and third, use
the “bunny ears” method, looping each side of the lace then
knotting again.

Another example of an algorithm task is a treasure hunt.
The goal for this task is for children to create or follow a set
of directions to locate a treasure. This can be a group task
in which children create a treasure map based on the infor-
mation given to them. A teacher may provide information
about where the treasure is hidden using picture cards. This
will allow them to create the map and locate the treasure.

The whole process helps children practice algorithm skills
as they create an accurate map with important landmarks
to follow.

Process Incorporating Computational Thinking
in Early Childhood Classroom Activities

Nearly all young children’s activities can be feasibly modi-
fied and differentiated to support CT development. We
explain how to do so in three parts: (a) activity selection
considerations, (b) activity modification and implementation
planning, and (c) activity differentiation to meet all learn-
ers’ needs. We first discuss each of these parts using “plant-
ing seeds” activities, then illustrate our entire process from
selection, modification and implementation planning, and
differentiation options.

Activity Selection Considerations

We recommend selecting an activity with existing or possi-
ble characteristics that specifically address at least one of the
four foundational CT skills. For example, recall that puzzles
and blocks are activities that have decomposition character-
istics: components or pieces that make up the whole. The
first row of Table 1 displays characteristics to consider when
selecting activities that support children’s development of
the four foundational CT skills.

Table 2 illustrates how to use our method for incorporat-
ing CT in early childhood classroom activities, we present
our process using a common classroom activity not previ-
ously discussed. Typically, in early childhood classrooms,
when studying plants and the life cycle, children will plant
seeds in soil, water the plants and set them in sunlight, and
chart their growth over time.

Table 1 Considerations for supporting foundational computational thinking skills in early childhood classroom activities

Foundational CT skill

Decomposition Abstraction

Pattern recognition Algorithm design

Activity has components
or pieces

Activity characteristics

useful

Guiding questions for
activities

“What are all the things
we’ll need?”

“What are all the things
we’ll have to think
about?”

details?”

Activity has information
that is irrelevant or not

“What are the important

Activity has similari-
ties within or to other
activities

Activity has rules or a step-
by-step process

“What are the rules we must
follow?”

“What are the steps to com-
plete this problem?”

“How is this similar to
something else we’ve
done?”

Suggestions for activity
modification or differen-
tiation

Increase or decrease the

number of components or

elements in an activity

Represent components or
elements in a written list
or in visual form

Increase or decrease the
number of relevant
pieces of information

Increase or decrease the
number of irrelevant
or not useful pieces of
information

Increase or decrease the
length of the pattern or
sequence

Increase or decrease the

similarities or differences

between activities

Increase or decrease the
number of steps or rules
needed

Change the possible order
of steps for a successful
outcome
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Algorithm

Decomposition

breaking down a complex problem or
system into smaller, more
manageable parts

developing a step-by-step solution to
the problem or the rules to follow to
solve the problem

Foundational Computational
Thinking Skills

Pattern Recognition

looking for similarities among and
within problems

Abstraction

focusing on important information
only, ignoring irrelevant details

Fig.1 Computational thinking foundational skills. Note
from ISTE (2016)

Adapted

We select this activity (See Table 2) because it has all four
major CT skills-decomposition, pattern recognition, and
algorithm design. When planting seeds, children decompose
the items needed to plant seeds and to help them grow (e.g.,
cups, seeds, soil). As they do so, they can recognize simi-
lar pattens in identifying what living things need to grow.
For example, nutrients and water are needed for all! Finally,
children follow each step in a set of directions to plant their
seeds. The first row of Table 2 details the foundational CT
skills in a seed-planting activity for young children.

Activity Modification and Implementation Planning

Selected classroom activities can be modified to support
CT skills. Consider an activity like story time. We noted
previously that story time is filled with teacher-scaffolded
abstraction, an intentional modification to the activity. That
is, story time could simply be a teacher-read text activity. To
support foundational CT skills, like abstraction, the teacher
can ask questions along with the reading to help children
focus on relevant information from the text, like “What are
the important details?”” Listed in the second row of Table 1
are guiding instructional questions teachers can use with
their chosen activity to support each foundational CT skill.

For example, “planting seeds” activity support mathemat-
ics and literacy content in addition to CT skills. Ways to
support mathematics include asking children to count out
the items needed, count the number of seeds, or measure the
growth of the plants. For literacy, children can generate a list
of the items needed for planting. Ideas for guiding questions
to ask during instruction are in the second row of Table 2;
content variations are listed in the third row.

Teachers can implement activities repeatedly, with vary-
ing goals for learning each implementation (See Fig. 2). For
instance, the first time an activity is carried out, the focus
could be on the mathematics or literacy content. Once the
content is more familiar to the child, the next time could
feature an emphasis on the CT.

Activity Content or Instructional Demands (e.g., mathematics)
Low =2 High
Most Ideal
Activities with high content and CT are
ideal, but only when appropriate for
children’s current interests and
development. The goal is to work up to
this level, over and over, with
increasingly sophisticated
content/instruction and CT demands.
Less Acceptable
Activities here are common, with high
demands in content. When
incorporating CT in the classroom,

activities may begin with lower CT
A, .

More Acceptable

Activities here would preference
CT learning over content and are
acceptable for this purpose.

Least Ideal

Activities that do not emphasize
high demands in CT or content
are less ideal and should be used
sparingly, perhaps to introduce
content or CT.

CT Demands
Low 2 High

Fig.2 Variations for implementing classroom activities. Adapted
from Joswick et al. (2019)

Consider sorting activities. To familiarize children with
sorting, an early implementation of the activity may be to
sort two colors of blocks into two groups by color. This
has a low demand on CT skills and content or instructional
knowledge and therefore falls into the “Least Ideal” category
seen in Fig. 2. However, this task can be more complex as
children become familiar with sorting. An implementation
with high CT and content demands would be to sort a collec-
tion of six pattern block types by shape characteristics (e.g.,
number of sides). Sorting activities in between may feature
sorting a limited number of shapes by type (e.g., squares and
triangles) or sorting various materials or different sizes and
types by color (varying between low and high CT demands
and low and high content or instructional demands).

Another consideration is that some early childhood class-
room activities can support more than one foundational CT
skill. Cycles of implementation may focus more or less on
each of the integrated foundational CT skills. Figure 2 dis-
plays a continuum matrix of demands considering the con-
tent of activities (e.g., mathematics) and the incorporation
of CT.

Activity Differentiation

We recommend choosing to vary the demands of content or
instruction and CT of an activity so that it meets the progres-
sion of the course (e.g., starting with less ideal activities
and working up to most ideal, incorporating iterations of
activities that are less and more acceptable along the way)
and the needs of students (e.g., those with advanced content
knowledge would benefit from incorporating progressively
increased CT demands). That is, the modification and imple-
mentation principles we have previously discussed can be
used to differentiate activities to meet the varying needs of
young children.

In the third row of Table 1 above, we present general
guidelines for varying each foundational CT skill in an
activity. For example, to differentiate the algorithm design
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demands, the number of steps or rules needed can be
increased or decreased. Think of the “Treasure Hunt” activ-
ity: the number of directions between the start and the treas-
ure can be as few or as many as appropriate for each child.
Further, the difficulty of the steps can be varied. A direction
like “take three steps from the bookshelf” is less demanding
than a direction that requires a measurement (e.g., “move
three feet to the left of the bookshelf™).

Ideas for modifications and differentiation of the seed-
planting activity may include pre-filling the cups with dirt,
predicting the growth of the plants, comparing the growth
of different types of plants given different environments
(e.g., more or less water or more or less light), and so forth.
Table 2 summarizes the activity and offers further ideas for
differentiation.

Conclusion

Though computational thinking is a comparatively new and
emerging concept in early childhood education, researchers
have found support for the need to build children’s founda-
tional CT skills during early childhood education (e.g., Bers,
2018a, 2018b; Lavigne et al., 2020; Strawhacker & Bers,
2019). CT is composed of four main and interconnected
skills: decomposition, abstraction, pattern recognition, and
algorithm design (ISTE, 2016). In this conceptual paper, we
presented examples of early childhood classroom activities
to support children’s CT development based on these four
CT skills. A unique contribution of our work is to provide
early childhood educators with practical guidelines for iden-
tifying, preparing, and implementing classroom activities to
support children’s CT development.

When identifying classroom activities to promote chil-
dren’s CT, we suggest identifying classroom activities that
involve at least one or two foundational CT skills. It may
be necessary to vary the level of demand of the CT (and
varying the content demands of the activity) based on the
needs of the children in the classroom. Further, varying the
demands and repeating an activity with more or less empha-
sis on the content (e.g., mathematics or literacy) or the CT
allows children to become familiar with the particular con-
cepts on either content or CT. Teachers may gradually build
children’s mastery of both content and CT by modifying
the level of demand of the content and the CT skills. When
implementing this approach, it is important to monitor the
process of children’s learning and vary the levels of demands
based on children’s developmental level or mastery of con-
cepts or contents from less or least acceptable activities to
more or most ideal activities (see Fig. 2). Varying the level
of demand scaffolds children’s understanding of the content
and/or the CT at higher levels.

@ Springer

Considering the importance of a play-like classroom
learning setting and early exposure to developmentally
appropriate yet challenging learning, we contend that early
CT can be developed in young children through integrat-
ing CT skills with existing early childhood curricula like
mathematics or literacy by modifying the levels of content
and/or CT demands. Early exposure to CT prepares young
children to become computational thinkers for computing,
information processing, and coding. This enables them to
become efficient and creative problem solvers who can
function competently in the twenty-first century.
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