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Abstract—Computational Thinking (CT) skills are becoming
increasingly crucial in education, particularly in early childhood
education. Pre coding, which involves hands-on activities with real
objects, has been shown to be quite effective in fostering
kindergarten children's computational skills. Pre coding, on the
other hand, is essential for boosting children’s CT skills, but
teachers frequently lack the information necessary to teach these
skills successfully. Their successful adoption is hampered by the
early childhood education community's lack of interest in CT
skills and the sparse application of pre coding techniques. In order
to help kindergarten instructors incorporate pre coding into their
teaching and learning, this study focuses on defining the elements
and activities described in a pre-coding program model. The study
reviewed and compiled a list of prior literature’s pre coding
elements and activities. Subsequently, the Fuzzy Delphi Method
(FDM) was utilised to refine and validate these elements and
activities. Finally, the data collected from 11 selected experts
relevant to this field of study were analysed using FDM to examine
consensus. The results showed that the eight identified elements
and 24 pre coding activities fulfilled the following required
criteria: a threshold value (d) of lower than or equal to 0.2, an
agreement percentage over 75%, and a fuzzy score value (A)
higher than 0.5. These findings demonstrated the suitability of the
identified pre coding elements and activities for integration into a
pre coding program model for kindergarten children. In
summary, this study provides valuable guidance for kindergarten
teachers in implementing practical pre coding activities to enhance
CT skills among children.
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. INTRODUCTION

Computational thinking (hereafter called CT) refers to a set
of cognitive skills for solving problems [1 - 3]. It is also
considered a thinking process [4, 5] that involves an array of
cognitive skills, including critical thinking, problem-solving,
logical reasoning, and creative thinking [6, 7]. In view of this,
CT has emerged as a fundamental skill that everyone needs to
understand and master [8]. CT skill should be integrated into
compulsory school education [9]. Moreover, CT has become
one of the most effective approaches for teaching students,
including early childhood, in line with the development of
global modernisation [10, 11].

The CT teaching approach has also received increasing
attention in education and research [12], with wvast
implementation across many countries, including the United

States, the United Kingdom, Estonia, Australia, and Singapore
[6, 9]. Coding and pre coding are widely recognised as two
standardise methods used for teaching CT [13, 14]. Coding
emphasises the use of digital devices, such as computers, as the
primary learning tool in computer science education [15 - 18].
Teaching CT through coding typically involves learning
programming, which is deemed one of the most effective
methods to nurture CT skills [19, 20]. Whereas, pre coding does
not require the utilisation of digital devices, it offers an
alternatif approach to fostering CT skills [21, 22].

Although coding and pre coding share the same goal, i.e.,
applying one's CT skills, their implementation differs.
Specifically, coding involves digital devices and is more
generally introduced at the primary, secondary, and higher
education levels [22]. In contras, pre coding is commonly
introduced in the early stages of childhood as its
implementation focuses on the active involvement of children
through hands-on activities with concrete objects [21, 23], such
as pencils and papers, puzzles, and wooden blocks [22, 24].
This learning method deeply resonates with children as it
allows them to explore the real world and develop their CT
skills [16]. In fact, pre coding is often associated with a simpler
and fun implementation that corresponds with children's
learning process and development stages [25, 26]. Futhermore,
pre coding is particularly beneficial for students from B40
families with limited access to digital learning [27], making it a
relevant, appropriate, and meaningful approach to children's
education.

Nevertheless, the significance of pre coding in empowering
CT skills among students has not been adequately conveyed to
teachers [28, 29], including kindergarten teachers [30]. Even
more critically, teachers are not equipped with sufficient
knowledge to teach CT and pre coding skills [29, 31]. This
matter has prevented teachers from successfully introducing CT
skills through pre coding activities [32 - 35]. It was revealed
that teachers in early childhood education were uninterested in
CT skills, partly due to the lack of efforts to highlight their
significance for children through pre coding [31, 36]. Besides,
teachers are not always permitted to practice pre coding
approaches and CT skills in their teaching sessions [30].

Considering the issues and problems encountered by
teachers, this study aims to identify the key elements of pre
coding and appropriate activities to developing structured
model of a pre coding activity program. These pre coding
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model program elements serve as a guideline for kindergarten
teachers to practise pre coding to encourage CT skills in
children from an early age. This study also systematically
discussed the setting and verifying elements of pre coding
activities for the program model based on expert consensus
through the Fuzzy Delphi Method (FDM) for its
implementation.

This paper is divided into several sections: Section 1l
presents a concise literature review regarding elements and
activities of pre coding. Section Il specifies the methodology
of this study. Section IV describes the data analysis process.
Section V details the findings and discussion. Finally, Section
VI concludes the study and recommends future works.

Il.  LITERATURE REVIEW

Pre coding is a type of unplugged activity, better known as
unplugged coding [21, 37, 38]. This activity supports the
development of CT skills without using electronic devices, such
as computers, mobile phones, and tablets [16, 21, 23, 38-40].
As such, this approach emphasises hands-on activities and
utilises easily accessible concrete materials, such as papers and
pencils, cards, and puzzles [23, 24, 37, 39, 41]. This hands-on
approach aligns with the constructivism theory that focuses on
children's learning via active exploration and real-world
interaction [42]. Hence, meaningful real-world experience can
improve children's learning process.

Pre coding is viewed as a learning process for kindergarten
and preschoolers that adopts physical movement activities and
enjoyable games to develop elementary knowledge, nurture
CT, and introduce core computer science concepts [16, 43-45].
Pre coding activities are typically conducted through indoor
games using a wide range of materials, including pens and
papers, cards, and game figurines [24, 46, 47]. Past studies
concluded that pre coding incorporates physical activity with
accessible materials to provide a fun and meaningful experience
that develops CT skills in kindergarten children.

Pre coding is considered a suitable and meaningful learning
approach for kindergarten children because it incorporates
physical activities without utilising digital devices, such as
computers, which may be perceived as complex tools for young
learners [37, 44, 48]. It is also viewed as more relevant for
children [49] as it emphasises learning in context rather than
focusing solely on specific content related to pre coding
subjects [9, 42]. As outlined in constructivism theory, pre
coding concentrates on continuous learning through
environmental experiences that support children's thinking
process and active involvement [42]. Therefore, pre coding
learning is typically incorporated with other subjects, such as
language, mathematics, science, and visual arts [50].

In addition, the pre coding approach helps children develop
their computational skills, which further promotes their
problem-solving, logic, and creative thinking abilities [51].
This method also provides children with a deep-thinking
experience when engaging in a task [23], enabling them to solve
complex problems effectively and creatively [24, 52].
Children's mastery of CT skills also promotes their high-level
thinking abilities, allowing them to think creatively, express
their views in many ways, and analyse problems from different
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viewpoints [53]. Thus, pre coding is essentially crucial in early
childhood education.

In navigating today's digital world, this study assessed
Malaysia's Industrial Revolution 4.0 (IR4.0) Policy, which
underscores the need for the country to remain competitive
within the digital ecosystem [54]. Among the essential skills
required to address the challenges of IR4.0 are logical thinking,
cognitive development, and creative thinking [17, 41, 55, 56].
As the Sustainable Development Goal (SDG) outlines, these
skills are vital for achieving high-quality education. In order to
meet the SDG targets and the IR4.0 goals, this study highlights
the implementation of a pre coding program that nurtures CT
skills in kindergarten children, ensuring these critical skills are
developed from an early age.

There is also a growing demand to identify pre coding
elements and activities that are suitable for implementation in
early childhood education through a comprehensive literature
review. Several researchers have conducted pre coding
programs for children. Fig. 1 illustrates the definition of the
respective pre coding elements, while Table | lists the pre
coding activities based on previous studies.

Element Algorithm

Alist of step-by-step procedures to complete a given task.
(Lee, 2019; Canbeldek, 2020)

[ Identifying or removing errors or unnecessary steps 1o effectively

Element Debugging complete a task. (Lee, 2019 Relkin et al,, 2021)

Element Directional

Introduce words like; forward, backward, left and right as basic terms used
in coding process. (Lee, 2019)

Words representing position ot rank in a sequential order such as first
Element Sequence second, third, and so on. (Lee. 2019)

A sequence of instructions that is continuously repeated until a certain
condition is reached: repeating a pattern till completing the given task.

(Lee, 2019; Canbeldek, 2020)

Element Looping

General expression to denote any action followed in the algorithm.

Element Unit (Canbeldek, 2020)

Element Command (Canbeldek, 2020)

—
—
Breaking a complex data or problem into smaller,

Element Decomposition (Leeet al., 2022)

—
Used for control flow branching within an algorithm, depending on

whether the condition is met.
(Ahmad Zamzuri, 2018; Leifheit et al., 2018)

Element Condition

Focusing on information needed while ignoring unwanted details.

Element Abstracts (Lec et al, 2022)

Il: Instruction to execute a unit or loop within algorithm.

The instruction steps given while performing the algorithm steps.

Element Sorting (Kalyenei etal., 2022)

RETE TR (Kalyenci et al., 2022)

Actions triggered with specific conditions or responses.

Element Events (Leifheit et al., 2018)

—
|:> Parsing the act of breaking down tasks into more straightforward tasks.
—

Process of adapting formulated solutions or algorithms into different
problem states, even if the variables involved are different.
{Cansu & Cansu, 2019)

Element Generalization |:>

Fig. 1. Definition of pre-coding elements.
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TABLE I. PRE CODING ACTIVITIES

No. Pre coding activities Previous studies
1. Daily routine [22]

2. Storytelling [16]

3. Play [16]

4. Telling stories using books [41]

5. Coding sheet [41]

6. Treasure hunt [41]

7. Location search by map [22]

8. Following recipe [22]

9. Modelling how to perform a task [22]

10. Puzzle [22]

11. Activities using concrete materials | [16]

12. Card use [52, 57]
13. LEGO pattern [58]

14. Sequencing stories [58]

15. Vocabulary building songs [58]

16. Direction game through cards [58]

17. | Tic-tac-toe [58]

18. Hop scotch coding [17]

19. Neighbourhood walk activity map | [17]

20. Robot Robi's Friend (activity map) | [17]

21. Story card [37]

22. Coding through stories [59]

23. Storigami [59]

24, Robotic kits [16]
25. Tetris activity [46]

26. "Repetition Drawing" activity [46]

Algorithmic elements are often prioritised in pre coding
skills for children [4, 16, 23, 24, 37, 39, 40]. These pre coding
elements, which are considered vital for children, teach them to
follow a set of step-by-step instructions built to solve a task or
problem [16, 24, 37]. These elements also encourage logical
thinking involving data analysis processes and systematic
problem-solving, rendering them suitable for teaching children
[16, 38, 39].

Repetition control structure is another essential skill
element in pre coding learning [23, 37]. This structural element
refers to a set of continuous repeating instructions as long as
specific conditions are fulfilled [23, 40]. The repetition control
structure in a pre coding program aims to assist children in
performing each task or activity based on the assigned
conditions and counter value [23, 38, 46]. Hence, the string of
this element becomes a key skill for children to master [38].

Furthermore, the sequence control structural element [37,
40, 58, 60] is a critical skill that needs to be mastered to
understand the CT skill concept [40]. The sequence control
structural element is typically introduced and implemented
through daily routine activities [24]. Lee et al. [24] noted that
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nurturing this element helps children recognise sequence
patterns in their daily routines. In other words, daily routine
activities can foster children’s understanding of the sequence
control structures. The study also revealed that children who
successfully master this skill could indirectly anticipate future
events and identify patterns or past patterns according to their
understanding of daily routine activities. Hence, this skill is
vital for children's development, as it boosts their cognitive
abilities.

Three field experts assessed the initial pre coding element
list to obtain confirmation and initial evaluation. The experts
accepted only seven pre coding elements that were deemed
appropriate for the early childhood pre coding program model,
as presented in Table I1.

TABLE II. PRE CODING ELEMENTS AFTER EXPERT INTERVIEWS

No. Pre coding elements

Algorithm

Debugging

Directional

Sequence

Looping

Command

Njoe|galrw NI

Decomposition

The directional element is also a key pre coding skill [16,
17, 21, 24, 41]. Children need to master this element when
learning to code, as it is frequently utilised in the coding process
[41. The directional element describes the interaction between
one object and another, such as the spatial relationship, 'in
front," 'beside," and ‘at the edge' [17]. In addition, specific words,
such as ‘forward," 'backward," 'to the right," and 'to the left," are
often employed to describe the concept of direction [41]. Using
arrows and hand signals during pre coding learning is
instrumental in helping children recognise the intended
direction correctly and accurately [21]. In short, applying this
element indirectly provides an easier, faster, and more
meaningful understanding of the concept of direction.

Besides, error detection, or debugging, is a significant
element of pre coding skills [21, 48, 61]. Debugging refers to
the identification of unnecessary steps or errors to complete a
task more effectively [21]. Additionally, debugging encourages
children to explore, observe, reflect, and communicate when
seeking solutions for their tasks [62] since activities or tasks
involving this element are relatively open-ended in nature [48].

Lastly, the resolution element is a vital component of pre
coding skills [24, 63, 64]. This element breaks down complex
problems or systems into smaller parts to facilitate
understanding of the solution process [24, 64] Besides,
simplifying the problems nurtures the thinking process to
recognise specific patterns and dismiss irrelevant elements
when solving problems [24] Mastering the resolution element
allows children to present various solutions when evaluating
their strengths and limitations before selecting the optimal
strategy for solving the problem [65]. hence, the resolution
element must be emphasised as these problem-solving skills
help children to think faster when solving a problem.
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I1l.  METHODOLOGY

The Human Research Ethics Committee of Universiti
Pendidikan Sultan Idris granted the approval for this study from
January 31, 2023, to January 31, 2024. This study employed the
Fuzzy Delphi Method (FDM) to obtain expert consensus on the
elements and activities suitable to be incorporated in a pre
coding model for preschoolers. The FDM adapts the classic
Delphi method, which integrates fuzzy number sets while
maintaining the Delphi method itself [66]. This method was
selected because it shortens the cycle process and avoids data
loss, thus enhancing economic efficacy in terms of time and
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theory set fuzzy that resolves uncertainties against experts'
CoNsensus.

FDM is also a structured and systematic analytical
procedure [67]. It has been broadly employed to validate the
components for training contents due to its ability to obtain
fuzzy score values in the form of ranks, which can serve as a
determinant and priorities for an element based on expert
consensus [27-29]. The design of this study consists of three
stages: literary review, expert assessment, and FDM analysis.
The study method is elucidated in Fig. 2.

cost [26]. Besides, FDM is an effective technique due to its

Stage 1 |
Literary review A

Identify element and activity pre-coding

L 4

N g
" Refinement the element and activity pre-coding

ra

Stage 2 ' Determination of pre-coding
Experts’ assessment elements and aclivities
i through FDM

Round 1: Expert consensus on pre-
— coding elements and the ranking of
— those elements

e ! Round 2: Expert consensus cn the
~— determination of pre-coding
T~ activities according to classified
elements and the ranking of pr-

coding activities according to
classified elements

/- i
[ ‘Triangular fuzzy numbers:
- Threshold (d)

Stage 3 -};’f
Analysis of FDM

Fuzzy score (A)

;’|\ Converting the linguistic scale into fuzzy scale |
'}

- Percenlage of experl consensus ‘

Y

"‘. - . .
| Process of Defuzzification

Fig. 2. Study method.

A. Literary Review Stage

The first stage aimed to identify the appropriate elements
and activities for developing the pre coding program model for
kindergarten children. A comprehensive literary review was
carried out via several research databases, including Scopus,
Elsevier, Springer Link, Research Gate, and Google Scholar.
The data from this literary review comprised a preliminary list
of pre coding elements and activities. The data were then
evaluated by three experts specialising in computer science and
CT skills through Google Meet interviews to assess the
suitability and acceptablilty elements and pre coding activities
for kindergarten.

B. Expert Assessment Stage

The FDM method was applied by constructing a
questionnaire and analysing the data based on expert consensus.
The questionnaire was developed based on the elements and
activities identified from the literary review stage. The
questionnaire consists of a 7-point linguistic scale a balanced
range of response options, capturing a broader spectrum of
attitudes, opinions, and behavior [68], as shown in Table IlI. In
this process, three experts (Table V) reviewed the
guestionnaire to ensure content validity, clarity of wording, and
structural integrity.

TABLE Ill.  THE 7-POINT LIKERT SCALE AND FUZZY SCALE

Linguistic variable Likert scale Fuzzy scale
Strongly disagree 1 (0.0,0.0,0.1)
Highly disagree 2 (0.0,0.1,0.3)
Disagree 3 (0.1,0.3,0.5)
Moderately agree 4 (0.3,0.5,0.7)
Agree 5 (0.5,0.7,0.9)
Highly agree 6 (0.7,0.9,1.0)
Strongly agree 7 (0.9,1.0,1.0)

TABLE IV.  BACKGROUND OF THE THREE EXPERTS INVOLVED DURING
THE DATA VALIDATION PROCESS
Expert . Experience —
no. Expertise (years) Organisation
1 Early childhood education | 6 Public university
2 Early childhood education 6 Public university
3 Languagg . and 6 Public university
communication
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TABLE V. BACKGROUND OF THE 11 EXPERTS INVOLVED IN THE FDM
ANALYSIS
Expert Field expertise Experience Organisation
no. (years)

1 Early . childhood 6 Public University
education

2 Critical thinking skills | 13 Public University

3 Early . childhood 20 Public University
education
Early childhood Other governmental

4 . 18 -
education agencies
Early childhood Other governmental

5 . 18 .
education agencies

6 Computer science 21 Other  government
(Coding) bodies

7 Computer science 20 Other  government
(Coding) bodies

8 Computer science 20 Other  government
(Coding) bodies

9 Computer science 23 Other  government
(Coding) bodies

10 Computer science 15 Other  government
(Coding) bodies
Information and

11 Communication 7 Ség‘iee:s government
Technology (ICT)

The questionnaire was distributed to 11 selected experts in
fields related to the study [13], and the results were analysed
using FDM. According to [13, 69-72], the appropriate number
of experts for FDM is between 10 and 50. The experts were
selected based on their expertise in the study context [73] and
their work experience of over five years [74]. This study
involved nine experts from government universities and two
from other government bodies in Malaysia. This wide range of
specialists guarantees a thorough comprehension of the topic by
utilising both scholarly and real-world perspectives. Their
diverse backgrounds give the study's conclusions a well-
rounded viewpoint. Table V lists the demographic information
of the selected experts.

The developed questionnaire facilitated the determination
of pre coding elements and activities using the FDM. This FDM
method was carried out in a face-to-face workshop attended by
all 11 selected experts and consisted of two rounds. The first
round aims at achieving expert consensus on the pre coding
elements and their priority positions. The second round focuses
on expert consensus in the context of the activities related to the
classified elements and their respective priorities. The data
were collected after each round and analysed using FDM.

1) Round 1: Expert Consensus on Pre coding Elements and
Priority Ranking of the Identified Elements: All 11 experts
participated in the first round to identify, evaluate, and confirm
the pre coding elements. They discussed the pre coding element
determination questionnaire to develop a suitable pre coding
program model for kindergarten children. Based on the expert
agreement, the elements were improved during the discussion
by adding several new elements and removing those deemed
irrelevant. All elements (added, rejected, or retained) aligned
with the agreement and consensus reached by all experts during
the FDM workshop.
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The discussion proceeded with a voting process by the 11
experts to determine the priority position of the pre coding
elements. Individual voting was performed by marking the
agreement level for all items related to the pre coding program
model, as agreed during the discussion. The voting results were
analysed using FDM to determine the priority ranking of the
elements.

2) Round 2: Expert Consensus on the Determination and
Priority of Pre coding Activities based on the Classified
Elements.

The second round involved expert consensus regarding the
determination and priority of activities according to the
classified elements. All 11 experts discussed to identify the pre
coding activities based on the elements classified in the
questionnaire. They shared their views and opinions to assess
the appropriate level of the pre coding activities classified by
elements for inclusion in the pre coding program model. The
pre coding activities were also modified according to the
classified elements, resulting in the addition of new pre coding
activities and the removal of irrelevant ones. All pre coding
activities (added, rejected, or retained) aligned with the
agreement and consensus of the experts in the FDM workshop.

Subsequently, individual voting was performed to reach a
consensus on the priority of pre coding activities based on the
elements classified for inclusion in the pre coding program
model. All 11 experts voted using a 7-point Likert scale to
indicate their agreement level for each item. The findings were
analysed using FDM to identify the priority of pre coding
activities for each element.

IV. DATA ANALYSIS

A. Conversion of the Likert Scale to the Fuzzy Scale

Table VI shows that each Likert scale item has a
corresponding fuzzy scale. In the FDM analysis process, the
Likert scale value was converted to fuzzy numbers using
Microsoft Excel's VLOOKUP function. Fuzzy set theory [75]
was applied to convert expert agreement levels into suitable
fuzzy number sets. Accordingly, the Likert scale findings from
the experts were translated into fuzzy values consisting of three
main values: the minimum value (m1), the most reasonable
value (m2), and the maximum value (m3).

B. Data Analysis using the Fuzzy Delphi Method (FDM)

FDM data analysis comprised two key components: fuzzy
triangular numbering (triangular fuzzy numbers) and fuzzy
evaluation (defuzzification). Both parameters are vital when
deciding to accept or reject an element based on expert
consensus [39]. In particular, triangular fuzzy numbers
influence the threshold value (d) and the percentage of expert
agreement. Meanwhile, defuzzification impacts the fuzzy score
value (A), which indicates the priority position of pre coding
elements and their priority for each element [67].

The Likert scale data from the 11 experts were filled into a
Microsoft Excel template for the FDM analysis. The data
analysis involves assigning fuzzy triangular numbers (ml to
m3), followed by the analysis of four key aspects: (i) the
average value of the fuzzy scale (m1, m2, and m3), (ii) the
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threshold value (d), (iii) the percentage of expert consensus for
each element and pre coding activity, and (iv) fuzzy score value
(A) to determine the acceptance and priority of elements and
activities available through defuzzification.

1) Fuzzy scale average value (m1, m2, and m3): Fig. 3
presents a triangular graph of the mean against the triangular
values (m1, m2, and m3). The m1, m2, and m3 values range
from 0 to 1, which corresponds to the fuzzy numbers (0,1).

2) Threshold Value (d): The threshold value (d) determines
the expert consensus for each item in the questionnaire [76].
Based on the fuzzy number range (0,1), the threshold value (d)
is calculated using two sets of fuzzy numbers, m (m1, m2, and
m3) and n (n1, n2, and n3), as shown in Formula 1:

d (m, n) =V1/3 [(m1 - n1)? + (m2 - n2)? + (m3 - n3)3 (1)

"[‘l'.l

&

M MY
~ /

M

0.0

.
o
Iy My 1My

Fig. 3. Triangular graph representing the mean against the triangular values.

The data is considered to successfully reach expert
agreement when the threshold value (d) is equal to or less than
0.2 [77]. Table VI describes the interpretation of the data based
on the threshold value (d).

TABLE VI.  DATA INTERPRETATION BASED ON THE THRESHOLD VALUE
(D)
Threshold . .
value (d) Description Interpretation

The threshold value is equal

d<02 to or less than 0.2 Accepted
.| Rejected, or a second round

d>0.2 The ~threshold  value s may be conducted involving

greater than 0.2 .

only experts who disagree

3) Percentage of expert consensus: This study also
considered the percentage of expert agreement to determine the
acceptance of each element and activity. An element or activity
is accepted if the percentage of agreement is 75% or higher
[14]. Otherwise, the element or activity is either eliminated or
a second round should be conducted involving only the experts
who disagreed.

4) Fuzzy score value (A): The fuzzy score value (A) is
obtained via defuzzification to determine the acceptance level
of each item based on expert consensus. An item is accepted if
its fuzzy score (A) achieves an a-cut value equal to or greater
than 0.5 [78]. Formula 2 is used to calculate the fuzzy score
value (A):

Fuzzy score (A) = (1/3) x (m1 + m2 + m3) (2)
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In addition, the fuzzy score value (A) plays a role in
determining the priority position of the pre coding elements and
pre coding activities in the questionnaire. The setting of the
priority position for these pre coding elements and activities is
based on the results of expert discussion and agreement.

V. FINDINGS AND DISCUSSION

A face-to-face discussion in the FDM workshop involving
11 experts was conducted to evaluate and determine pre coding
elements and activities for developing a suitable pre coding
program model for kindergarten children. The experts
successfully reached a consensus on eight elements and 24 pre
coding activities; seven elements were retained, one was
rejected, and two new elements were added. Next, the expert
voting performed through the FDM analysis converted the
Likert scale results into a fuzzy scale. The outcome showed that
all eight elements and 24 pre coding activities met the
conditions and reached expert consensus, where the threshold
value (d) is between 0.092 and 0.204, which is < 0.2. Table VII
lists the FDM analysis element designation and pre coding
activities.

TABLE VII. RESULTS OF THE FDM ANALYSIS ELEMENT DESIGNATION

AND PRE CODING ACTIVITIES

Number of items related to

Pre coding element suitable pre coding activities

Algorithm element

Loop control structure element

Sequence control structure element

Direction indicator element

Error detection element

Decomposition element

Choice control structure element

NININDN WD W|W|O

Pattern recognition element

For the second condition, the study recorded over 75% of
expert agreement for each element and pre coding activity,
which ranged from 81.8% to 100%. Meanwhile, the third
condition measures the fuzzy score value (A) to determine the
acceptance level of each item, which needs to exceed 0.5. Based
on the results, the fuzzy score value (A) for the pre coding
elements and activities ranged from 0.788 to 0.924, proving that
all pre coding elements and activities are acceptable and
suitable for inclusion in the pre coding program model for
kindergarten children.

The key point of this FDM analysis is its appropriateness
and ability to confirm the identified pre coding elements and
activities [79]. In addition, the FDM analysis assists in boosting
the accuracy of pre coding elements and activities for the pre
coding program model since the experts accepted all items that
met the key FDM requirements based on the threshold value
(d), percentage of expert agreement, and fuzzy score value (A).
The results were further strengthened by the open discussions
among the experts, which enabled them to present their views
on the items found in the questionnaire [67]. These expert views
were also considered to ensure that the results aligned with the
study's context.
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The success of this study stems from the proper selection of
experts who shared their expertise in fields relevant to this
study, including computer science with a speciality in coding
skills, early childhood education, and thinking skills. The
diverse pool of expertise facilitated the smooth FDM process
and significantly assisted in determining the appropriate pre
coding elements and activities for developing the pre coding
model for kindergarten children.

The selection of FDM also influenced the quality of the
study, as this method utilised the fuzzy theory to address the
problem of ambiguity in data acquisition. The FDM also
reduced boredom among experts and prevented data leakage
during the data collection process [67] since its implementation
is more organised, systematic, and shorter than traditional
Delphi methods.

It should be noted that this study has a limited sample size
of 11 experts. However, all selected experts have proven
experience in their respective fields relevant to the study,
including early childhood education, computing and meta-
technology, and thinking skills. Despite the small sample size,
the number of experts was sufficient, as the odd number of
experts facilitated the process of reaching a consensus.

In short, this study reinforced the exceptional effectiveness
of FDM [70, 80] for determining elements and activities for
developing a pre coding program model suitable for
kindergarten children. The strength of FDM, marked by its
systematic procedure and enhanced accuracy of data analysis,
particularly in reducing ambiguity, proved highly valuable for
this study.

VI. CONCLUSION AND FUTURE RESEARCH

This study effectively identified key elements and activities
for developing a pre coding program model suitable for
kindergarten children. Based on the applied FDM approach
with expert consensus, eight pre coding elements and 24 pre
coding activities were deemed suitable for inclusion in the pre
coding model for kindergarten children. This findings lies in
several major contibution aspects.

The main contribution of this study is the development and
validation of a pre coding program model specifically designed
for preschool children in a systematic manner by establishing 8
pre coding elements and 24 suitable pre coding activities based
on expert consensus. This study simultaneously fills an
important gap in early childhood education related to CT. By
emphasising pre coding (device-free activities), this study
provides an accessible and non-digital-dependent approach to
CT, making it highly relevant for underprivileged populations
with limited access to digital. In the Malaysian context, the
children from B40 families may be affected because they have
limited access to digital devices, such as smartphones or
laptops. So that, by integrating pre coding program model, it
also helps overcome the challenges these children face in
developing their CT skills.

Next, this study also contributes to encountering Malaysian
kindergartens challenges during the implementation of pre
coding in their teaching and learning. In other words, the pre
coding program model becomes practical tools to empower
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teachers in promoting the application of CT skills through pre
coding activities. Directly, this can solve the problem of
teachers in Malaysia who do not have knowledge about pre
coding and some may not have even heard of the concept of pre
coding [81]. However, it is not surprising if some teachers may
still face issues in integrating pre coding into their instruction,
even after being provided with a comprehensive model for
guidance. Applying teachers' knowledge and enthusiasm for
pre coding should be the primary priority in order to address
this. After that, give teachers who are proficient in pre coding
ongoing training.

This study also supports the national agenda of the country.
The position pre coding as a new approach in early childhood
education, align with the policies and objectives of IR4.0 and
contribute to the achievement of Malaysia's SDG targets.
Therefore, the application of inclusive quality education
through pre coding activities is well-suited to the principles of
Educational Sustainable Development (ESD), which seeks to
meet current needs without compromising the ability of future
generations to do the same. Apart from that, implementing the
pre coding program for kindergarten children aligns with the
Malaysian government's objective of fostering cognitive skills,
such as logical thinking, problem-solving, and creative thinking
in young learners, which are critical for navigating future
technological landscapes and preparing the community for the
demands of IR4.0.

Additionally the use of ranking-based elements is an
important topic that requiring adressing. While this model
contains elements that were outlined based on expert
consensus, ranking may not be necessary when implementing
activities related to these elements, as readiness and
appropriateness are crucial in children's learning. Nevertheless,
researchers recommend that algorithm elements be first
introduced to children because they represent the most essential
elements in coding. Algorithms offer a step-by-step
implementation procedure, making it easier for children to
understand and engage with coding concepts [16, 21, 24].

Finally, future researchers may verify the model
experimentally. Test the efficacy of the suggested pre coding
program model in enhancing kindergarten children CT abilities
through experimental research in actual classroom
environments. Then compare the results with those of other pre
coding and coding techniques currently in use to evaluate the
relative efficacy of the model. In the other hand, other research
may create and execute pre coding pedagogy whereas focused
on teacher training programs, making sure that instructors have
the know-how to carry out the curriculum successfully. The
most important part here is the researcher need to look into how
these training sessions affected the teachers' self-assurance,
comprehension, and pre coding classroom habits. Lastly
integration pre coding with other learning domains such as
mathematics, sciences, and language.

In conclusion, this research significantly contributes to
transforming early childhood education by integrating
computational thinking skills using pre coding activities and
promotes an inclusive, useful, and creative approach to
contemporary learning issues.
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