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Abstract
Coding ability has become an important literacy in the twenty-first century. Coding education starts from early childhood inmany
countries. However, it lacks of tools with good psychometric properties to assess the changes in the coding ability of young
children (i.e., preschoolers or kindergarteners) after learning coding. To fill this gap, the current study aimed to develop a tool by
using card-based and age-appropriate games to measure the coding ability of young children aged 5–6 years. In the tool, coding
ability was evaluated on the dimensions of Variable, Control, Modularity, and Algorithm. The first three dimensions of the tool
included the skills of Assignment, Type, Conditional, Loop, Decomposition, and Function. We tested the psychometric prop-
erties of the tool by assessing its reliability and validity. The results indicated that the tool not only had good internal consistency,
inter-raters reliability, and test-retest reliability, but also showed good content validity, construct validity, and item discrimina-
tion. Additionally, the coding ability measured by the tool was significantly related to creative thinking and computational
thinking, suggesting good criterion validity. To conclude, this study developed an age-appropriate and game-based tool with
good psychometric properties to assess the coding ability of young children. This tool can be also used to evaluate the effec-
tiveness of educational coding programs for young children.
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Introduction

Many countries around the world have incorporated coding
education to school curriculum (Heintz, Mannila, &
Färnqvist, 2016; Hsu et al., 2019). Recently, increasing atten-
tion has been paid to coding education for preschool children
and kindergarteners (Arfé et al., 2019, 2020). Young children
have been found capable of learning coding skills (e.g., Lye &
Koh, 2014; Popat & Starkey, 2019). Additionally, coding
learning has positive impact on the development of many

other cognitive abilities, such as planning and inhibition, the
abilities that help young children maintain and retrieve infor-
mation in goal-directed ways (Arfé et al., 2019, 2020; Scherer
et al., 2019). However, there is a lack of tools to measure
coding learning outcomes in early childhood. To fill this
gap, the current study focused on developing an age-
appropriate tool with good psychometric properties to mea-
sure the coding ability of young children aged 5–6 years.

Definition of Coding Ability

For primary school children or older, coding ability has been
defined as the skills to create, modify, and evaluate codes and
the knowledge about programming concepts and procedures
(Lye & Koh, 2014). In contrast, it is difficult for younger
children to manipulate abstract codes on computer screen.
Therefore, it is important to define coding ability in develop-
mentally appropriate ways (Bers, 2018; Menon et al., 2019).
Specifically, as young children in kindergarten or preschool
usually manipulate real objects (e.g., robotics or cards) to
code, we defined the coding ability of young children as the
ability in using programming-related concepts and procedures
to solve problems by manipulating real objects. Such
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problem-solving processes also involve a great amount of cre-
ation, modification, and evaluation for young children.

Measuring Coding Ability in Young Children

Researchers have taught and measured young children’s cod-
ing ability using different approaches and tools, such as
Scratch (e.g., Rodríguez-Martínez, González-Calero, and
Sáez-López 2020), Code.org (e.g., Arfé et al. 2020), educa-
tional coding robotics (KIBO; Bers et al. 2019), or tablet ap-
plications (e.g., Pila et al. 2019). These previous studies have
commonly recognized that coding ability engages multiple
dimensions. For instance, Bers et al. (2019) used KIBO to
measure the coding ability of young children in terms of se-
quence, debugging, repeats, and conditionals. Additionally,
by using tablet applications, researchers have measured young
children’s coding ability by tapping into the dimensions of
sequence, condition, and loops (Pila et al., 2019). Therefore,
the coding ability of young children has been measured in
terms of multiple dimensions.

These measurement approaches are actually consistent
with the theoretical frameworks proposed in previous studies
(K-12 Computer Science Framework Steering Committee,
2016; Bers et al., 2019). For example, seven powerful ideas
have been proposed to underlie the coding ability of young
children, including algorithm, modularity, control structure,
representation, hardware/software, design process, and
debugging (Bers et al., 2019). Additionally, children are ex-
pected to have developed several concepts related to coding,
such as the dimensions of Variable, Control, Modularity,
Algorithm, and Program Development, by the end of second
grade (K-12 Computer Science Framework Steering
Committee, 2016).

Based on the measurement approaches and theoretical
frameworks outlined in aforementioned studies, we propose
that the coding ability of young children can be measured in
terms of four dimensions: Variables, Control, Modularity, and
Algorithms. Moreover, the dimension of Variables includes
the skills of Assignment and Type; the dimension of Control

includes the skills of Conditional and Loop; the dimension of
Modularity includes the skills of Decomposition and Function
(see the definition for each coding skill in Table 1).

Relations of Coding Ability to Other Cognitive
Functions

Computational Thinking

Computational thinking refers to the process of solving prob-
lems, designing systems, and understanding human behaviors
based on the principles and methods of computer science
(Wing, 2006, 2008). As the coding process involves a large
amount of knowledge about computer science, many educa-
tors claim that learning coding provides an important context
and a set of opportunities to develop computational thinking
for K-12 students (Popat & Starkey, 2019). Thus, coding abil-
ity and computational thinking are thought to be closely relat-
ed. Some researchers have even directly measured children’s
computational thinking by testing their coding ability
(Korkmaz et al., 2017; Román-González et al., 2017). The
current study would test the criterion validity of the tool that
we developed by examining the relations between coding abil-
ity and computational thinking.

Creative Thinking

Creative thinking is comprised of the skills needed to exhibit
creative behaviors, such as originality, fluency, flexibility, and
elaboration (Pardamean et al., 2011; Scherer et al., 2019).
Creativity is thought to play a critical role in coding by en-
couraging children to solve problems in novel ways
(Clements, 1995; Grover & Pea, 2013). As a result, learning
coding has been suggested to exert positive influence on cre-
ativity, which has been supported by empirical evidence (Kim
et al., 2013; Pardamean et al., 2011; Scherer et al., 2019).
Additionally, a meta-analysis study reported that the positive
effect of learning coding can be transferred to creative skills
with large effect sizes (Scherer et al., 2019). Moreover,

Table 1 Definition for each dimension and related coding skills

Dimension Skill Definition Game

Variable Assignment A statement in computer programing that is used to set a value to a variable name Game 1

Type A classification identifying one of various types of data Game 2

Control Conditional A statement in a computer program that is executed only when a certain condition is satisfied Game 3

Loop A sequence of instructions that is continuously repeated until a certain condition is reached Game 4

Modularity Decomposition Break down a problem into smaller parts to understand and manage the problems better Game 5

Function A body of computer instructions designed to be used by other routines to accomplish some particular purpose Game 6

Algorithm – A set of instructions designed to accomplish a specific task Game
7–9
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creativity has been treated as a critical aspect of computational
thinking that is closely related to coding ability (Korkmaz
et al., 2017). To summarize, previous studies have focused
on the effect of coding learning on creativity, but the present
study aimed to test whether the coding ability inherently pos-
sessed by young children prior to intensive coding instruction
was related to creative thinking.

Working Memory

Learning coding has been reported to benefit multiple cogni-
tive abilities. For example, coding activity was reported to
improve first graders’ planning and inhibition skills signifi-
cantly more than standard STEM activities did (Arfé et al.,
2019; Çiftci & Bildiren, 2020). Additionally, a pilot study
using small sample size found that a 6-week educational ro-
botics intervention, during which children played with a toy
robot by designing and inputting instructions, had positive
effect on the executive functions of preschool children (Di
Lieto et al., 2017). Specifically, working memory was a com-
ponent of executive functions that was positively affected by
the educational robotics intervention (Di Lieto et al., 2017).
The positive effect may arise from the interaction with educa-
tional robotics as it takes much effort for young children to
maintain and manipulate the information stored in their work-
ing memory systems. The current study would further test
whether the inherent coding ability possessed by young chil-
dren is related to their working memory.

Goals of Current Study

Based on the definition of coding ability for young children
and its underlying dimensions, we aimed to develop a tool
using card-based and age-appropriate games to measure the
coding ability of children aged 5–6 years. The reason for fo-
cusing on this age range is that it is only recently that coding
activities have been integrated into the education toward chil-
dren at this young age and no tool with good psychometric
properties has been developed to measure the coding ability of
children as young as 5–6 years. To fill this gap, we aimed to
develop a tool to measure the coding ability of young children,
report its psychometric properties, and test its criterion validity
by examining the concurrent relations of coding ability to
computational thinking, creative thinking, and working
memory.

Methods

Study Group

Sixty children from the senior classes of a kindergarten at
Hangzhou, China participated in the study (mean age =

5.70 years, range from 5.23 to 6.21 years, SD = 0.29, 35
boys). The kindergarten was selected due to its reasonable
distance from the authors’ university and the representative-
ness of the sample. For example, all but two parents of the
children reported to have received high school education or
above. Additionally, 18 children were reported to have more
or less coding experience and the others had never learnt cod-
ing before the testing. All children were native mandarin
Chinese speakers.

According to parents’ report, all children were not diag-
nosed with any physical or mental disease. Children attended
the study only if their parents agreed and signed the consent
forms that they received at the Kindergarten. Additionally,
children were verbally assented before attending the study
due to their limited reading and writing abilities. Three chil-
dren did not finish the coding task and one child did not finish
the tests of computational thinking and working memory.

Development of the Tool Measuring Coding Ability of
Young Children

Design of the Tool

According to the definition of coding ability and its underly-
ing dimensions abovementioned in the Introduction, we de-
veloped a card-based game corresponding to each skill in-
volved in the Variables, Control, and Modularity dimensions
(Game 1–6, Fig. 1 and Fig. 2). For Algorithm dimension, three
games were developed (Game 7–9, Fig. 2), and each of them
also involved three skills selected from the other three dimen-
sions. Children were given five minutes to play each of Game
1–6, and seven minutes to play each of Game 7–9. If children
did not finish each game within the time limit, experimenters
helped children complete the game. We only rated children’s
coding behaviors that happened within time limits.

In Game 1–9, children were instructed to help the cartoon
character move from the Start to the End, during which chil-
dren had to use their coding skills to fulfill the designed tasks.
In Fig. 1 and Fig. 2, the original maps of games presented to
children are labeled as A, the marked maps labeled as B illus-
trate the design of the games; the maps labeled as C are the
correct commands. In each game, the involved coding skills
were different.

In Game 1 (Assignment), children were instructed to help
the cartoon character move from the Start to the End by fol-
lowing the specified path. Additionally, instead of listing all
forward arrows, children were asked to put a number under-
neath the forward arrows to indicate how many steps to be
moved, reflecting the use of Assignment skill.

In Game 2 (Type), on the way from the Start to the End,
children would meet various pictures, representing different
types of data in coding language. Children were required to
use different commands when encountering different pictures,
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reflecting the use of the Type skill. This skill had to be cor-
rectly used at six locations (L1-L6) before reaching the End.

In Game 3 (Conditional), there were six locations (L1-L6)
in each of which a specific picture was presented to create an
“if” condition. A specific command had to be executed on
each “if” condition, reflecting the use of the Conditional skill.

In Game 4 (Loop), a young pink horse helped an old blue horse
retrieve three bags of rice on the way to the end. Each time, only one
bag of rice could be retrieved. Therefore, the pink horse had to be
back and forth between the locations of the blue horse and the rice for
three times. Instead of listing each command, the Loop skill could be

used by putting number three in the box beside one cycle of com-
mands, indicating the cycle would be repeated for three times.

In Game 5 (Decomposition), Object 1 and 2 had to be
retrieved before reaching the end, reflecting the use of the
Decomposition skill.

In Game 6 (Function), a sequence of three different pictures
were presented twice. In response, a set of commands in a
certain order had to be executed repeatedly. These commands
were packed in a bag. Children only needed to put the bag in
the command list whenever the set of commands had to be
used sequentially.

Fig. 1 Game design for Variable
and Control dimensions
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In Game 7–9 (Algorithm), the path from the Start to the
End was not specified. The six coding skills mentioned pre-
viously could be used in the games to solve problems.
Children decided which path and skills to use in order to reach
the end efficiently and effectively.

Testing Procedure of the Tool

Before children played these nine games, there were two base-
line games (Game 0) to familiarize children with the basic
rules, including how to move forward and how to turn left

Fig. 2 Game design for
Modularity and Algorithm
dimensions
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or right. Only after experimenters rated that children had mas-
tered the rules, children were allowed to perform the nine
formal games. Right before playing Game 1–6, experimenters
used a simple demonstration game to show how to execute the
specific command engaged in each test. For the three games
tapping Algorithm component, we asked children to use the
commands that they used in the previous six games to solve
the problems in the current games as efficiently as possible.
The whole process that children played these games was
videotaped.

Rating Strategies of the Tool

Children’s performance in each game was coded in two steps.
As suggested by Bers et al. (2019), experimenters first rated
children’s performance in terms of goal attainment on a 5-
point Likert scale during game play (1 = not at all, 2 = almost
not, 3 = partially, 4 = mostly, 5 = completely). We then rated
children’s final commands in each game in a more detailed
way based on the videos taped during the test. If scores of the
first and second steps were significantly related to each other,
the two types of scores would be standardized and added up to
index the coding ability of each child. Additionally, the ex-
perimenters also rated children’s emotion status and engage-
ment level on a 5-point Likert scale, respectively (emotion:
1 = very unhappy, 2 = somewhat unhappy, 3 = neutral, 4 =
somewhat happy, 5 = very happy; engagement: 1 = very low,
2 = somewhat low, 3 = ordinary, 4 = somewhat high, 5 = very
high). These ratings were expected to provide additional in-
sight into whether the games were appropriate for young
children.

Game 1 (Assignment): (1) Correct moves that children had
made were counted. One point was granted for each correct
move. (2) The Assignment skill should be used in five loca-
tions (L1-L5). Two points were granted for each correct use.
One point was given for the incorrect use of the Assignment
skill that resulted in any error.

Game 2 (Type): (1) Correct moves that children had made
were counted. One point was given for each correct move. (2)
Children received two points for each correct use of the Type
skill and one point for each incorrect use.

Game 3 (Conditional): (1) Raters counted the number of
correct moves that children had made. One point was granted
for each correct move. (2) Children received two points for
each correct use of the Conditional skill and one point for each
incorrect use.

Game 4 (Loop): (1) Raters counted the number of correct
moves that children had made. Children received one point for
each correct move. (2) If all moves were correct within the
Loop, two points would be granted. One point would be
granted if there was any wrong move within the loop. (3) If
children had defined the right cycles of the loop, two points

would be granted. If incorrect cycles had been defined, one
point would be given.

Game 5 (Decomposition): Children received two points for
retrieving each Object successfully. Additional two points
would be granted if children reached the End.

Game 6 (Function): (1) Correct moves that children had
made were counted. One point was granted for each correct
move. (2) If the Function command had been defined correct-
ly in the yellow box, two points were graded. If the Function
command had been defined incorrectly, one point was
granted. (3) The Function command should be called twice
in this game. Additional two points were granted for each
correct use of the Function command; one point was granted
for each incorrect use of the command.

Game 7 (Algorithm 1): (1) If children chose to retrieve
Object 1 by Path 1 as the beginning step, two points were
granted; if children chose to retrieve Object 2 by Path 2 as
the beginning step, one point was granted. (2) If children
chose Path 3 to retrieve another Object after retrieving the first
Object successfully, two points were granted. One point was
granted if children chose paths other than Path 3 to retrieve the
second Object. (3) If children chose to reach the End through
Character A by using the Type skill, two points were granted;
if any of the other two options were selected, one point was
granted.

Game 8 (Algorithm 2): (1) If children chose Path 2 as the
first step, two points were granted; if children chose Path 1,
one point was granted. (2) In Path 1 or 2, if children defined
and executed the Function command correctly, two additional
points were granted; one additional point was granted if there
was any error. (3) If children chose Path 3 and reached the End
successfully, two points were granted.

Game 9 (Algor i thm 3) : (1 ) For the invo lved
Decomposition, two points were granted if children chose to
wash hands, get the milk, and get biscuits sequentially; one
point was given if children chose to wash hands, get the bis-
cuits, and get the milk sequentially; no point was given for the
other orders. (2) Two points were granted if the Loop com-
mand was defined and executed correctly; one point was
granted if there was any error in the commands. (3) The use
of the Assignment skill was rated up to seven times. Two
points were granted for each correct use of the Assignment
skill. One point was granted each time when the Assignment
skill was used but resulted in an error.

Computational Thinking

We used the Bebras challenges (for age 6 to 8 years) to mea-
sure the computational thinking of children (UK Bebras,
2018). The Bebras challenges have been operating for more
than 15 years with about 70 countries and eight million stu-
dents participating (Dagienė & Sentance, 2016). The prob-
lems in the challenges were constructed at three levels of
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difficulty: A, B, and C. We only used the problems at levels A
and B since children were relatively young (5–6 years) in the
current study. There were six problems with three at each
difficulty level. Considering the limited computer skills pos-
sessed by children, we converted the online test into a paper/
pencil test. For each problem, children were asked to circle the
correct answer using a pencil. Two versions of the test were
designed (versions A and B), differing only in the order of the
presented problems. Each child was randomly presented one
version and asked to complete it within 27 min.

We scored children’s performance in terms of the rules
suggested by the Bebras challenges. For problems at level
A, zero point was granted for no response or wrong responses,
and six points were granted for each correct response. For
problems at level B, zero point was granted for no response,
minus two points were granted for wrong responses, and nine
points were granted for each correct response. The scores a
child earned on all problems were added up to represent his or
her ability in computational thinking.

Creative Thinking

We measured children’s creative thinking by using the
Torrance Tests of Creative Thinking (TTCT; Torrance,
1966). The TTCT includes figural and verbal subtests. We
only administered the Figural subtest in this study because
5- to 6-year old children had limited ability in verbalization.
The figural subtest had two versions (A and B). The Version
we used included three types of activity: Picture Construction,
Picture Completion, and Circles. During the activity of Picture
Construction, children were asked to make a picture using a
jelly-bean shape as a stimulus on the page. Such shape must
be an integral part of the composition. The activity of Picture
Completion required children to use 10 incomplete figures to
make an object or picture. The activity of Circles asked chil-
dren to make objects or pictures using the circles.
Additionally, children were asked to name each object or pic-
ture they made.

According to the scoring manual of TTCT, children’s
creative thinking was graded in terms of fluency, originali-
ty, elaboration, abstractness of titles, and resistance to pre-
mature closure. Raters were trained to grade children’s per-
formance on TTCT following four steps: 1) an expert
trained raters on a group meeting; 2) raters graded five chil-
dren’s data together, and then discussed and resolved the
differences between their ratings; 3) raters independently
graded the data of 15 children and the inter-rater reliability
was calculated; 4) after reaching good inter-rater reliability
(Cronbach Alpha reliability coefficient, fluency = .998,
originality = .983, elaboration = .981, abstractness of ti-
tles = .984, and resistance to premature closure = .977), the
data of whole sample were graded by raters.

Working Memory

We measured children’s working memory by using the back-
ward digital span task and the backward Corsi block tapping
subtest of the Wechsler Memory Scale (Wechsler, 1987). In
the digital task, the child listened to a sequence of numbers
and repeated them in the reversed order. In contrast, the Corsi
block tapping subtest was administered on a standard plastic
board, on which nine blocks of the same color, shape, and
material were placed. The examiner tapped some of the nine
blocks in a certain sequence and children were asked to tap
them in the reversed order.

For both tests, the length (n) of the sequence ranged be-
tween two and seven. Each sequence was given twice in the
ascending order of length. A sequence of n items was given
only when children responded correctly to at least one trial of
the sequence of n – 1 items. The test stopped when children
failed to make correct response to both trials of a certain se-
quence. Half a point was granted for each correct response.
The total points were added up in each task to represent nu-
merical and visuospatial working memory, respectively.

Data Collection and Analyses

The testing lasted about three weeks and was conducted in a
quiet room in the kindergarten. Coding ability and working
memory were measured individually. The testing of coding
ability lasted about 90 min with breaks between games, and
was videotaped. Creative thinking and computational thinking
were tested in groups on a separate day. Each group had 10
children with six to eight experimenters. One experimenter
gave the general instructions, while the other experimenters
supervised one to two children simultaneously just in case of
any further question. Two weeks later, the coding ability of 15
children was tested again to examine test-retest reliability.

We used expert evaluation method to examine the content
validity of the coding tool. First, we contacted experts who
were independent of the team that developed the testing tool;
they had expertise in related research fields such as Computer
Sciences and Computational Education. If an expert agreed to
participate, we asked them to rate the importance and appro-
priateness of each item (i.e., Game) on a 4-point Likert scale
(1: extremely not important/appropriate; 2: not important/
appropriate; 3: important/appropriate; 4: extremely impor-
tant/appropriate), respectively. The ratings were used to cal-
culate the Item Content Validity Index (I-CVI) and the Scale
Content Validity Index (S-CVI). For each Game, I-CVI was
calculated by dividing the number of experts who rated the
importance/appropriateness as 3 or 4 by the total number of
experts participating in the rating. In contrast, for the whole
scale, S-CVI was calculated by dividing the number of items
rated as high as 3 or 4 by the total number of items.
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Additionally, the Cronbach Alpha reliability coefficient
and Intra Class Correlation coefficient were calculated to
measure the tool’s internal consistency level and raters’
reliability, respectively. To test the construct validity, we
applied exploratory factor analysis to extract the factors
involved in the coding tool. Specifically, we used princi-
ple components analysis for the EFA extraction and se-
lected Varimax as the rotation method. To calculate the
discrimination power of each item, a lower and a higher
group were created to include 15 children (27%) with the
lowest scores on the nine games and 15 children (27%)
with the highest scores on these games. Independent sam-
ple t-test was used to compare the differences in each item
between the lower and higher groups. Finally, correlation-
al coefficients between test scores over two time points
were computed to measure test-retest reliability. The cor-
relations between coding ability and creative thinking,
computational thinking, and working memory were com-
puted to confirm the criterion validity of the tool.

Results

Emotional and Engagement Status

In order to examine whether our testing tool was appro-
priate for young children, the emotional status and en-
gagement level rated by experimenters for all children
were analyzed (Table 2, rated scores >3). The results in-
dicated that the emotional status of young children was
between neutral and somewhat happy, and the engage-
ment level was between ordinary and somewhat high on
all games, suggesting that these games were appropriate
for young children in terms of emotional status and mo-
tivational level.

Reliability of the Tool

The scores of each game rated in step 1 were significantly
related to the ones rated in step 2 (rs ≥ .33). Therefore, the
two types of scores for each game were standardized and
averaged. Additionally, the scores of Game 7–9 were com-
bined to represent the Algorithm skill.

For all the coding skills involved in the assessment tool, the
Cronbach Alpha reliability coefficient was .90, suggesting
good internal consistency. Additionally, two raters coded ten
children’s data independently. The IntraClass correlation co-
efficients were greater than .82 for all nine games (Table 2),
indicating good inter-rater reliability. Finally, the coding abil-
ity of 15 of the 60 children was tested again two weeks after
the initial test. We calculated the correlation coefficient for
each game, which ranged between .45 and .94 (Table 2).
Except that the coefficient of the Function game was only
marginally significant (p = .089), all the other coefficients
were significant (ps < .05). To summarize, the coefficients re-
ported above suggested that the tool can measure the coding
ability of young children with good consistency and
reliability.

Validity of the Tool

Content Validity

The I-CVI for each Game and the S-CVI for the whole scale
were greater than 0.80, indicating good content validity.

Construct Validity

The Kaiser-Meyer-Olkin measure of sampling adequacy was
0.842, well above the minimum threshold of 0.5 (Kaiser,
1974). Bartlett’s test of sphericity yielded a Chi square of

Table 2 Rated scores and
reliability coefficients for each
game

Game Emotion Engagement Rated scores

(step 1)

Rated scores

(step 2)

Raters’

reliability

Test-retest
reliability

Mean SD Mean SD Mean SD Mean SD r r

1 3.83 .59 3.92 .67 2.30 .89 6.84 5.13 .99** .85**

2 3.85 .63 3.90 .63 3.08 1.21 12.75 7.96 .99** .87**

3 3.92 .74 4.03 .78 3.15 1.16 13.05 7.36 .99** .89**

4 3.87 .89 3.92 .91 2.52 1.08 6.98 3.99 .98** .56*

5 3.88 .87 3.87 .89 2.17 .76 5.88 3.86 .98** .45

6 3.88 .92 3.92 .96 3.17 1.33 1.96 2.28 .95** .66*

7 3.88 .96 3.93 1.01 2.73 1.09 1.81 1.69 .93** .56*

8 3.92 1.05 3.97 1.07 2.95 1.21 1.37 1.40 .82** .94**

9 3.87 1.10 3.87 1.13 2.23 .93 2.33 3.18 .99** .79**

*indicates p < .05; ** indicates p < .001
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265.26 (p < 0.001), indicating that the intercorrelation matrix
contained variables with sufficient collinearity for analysis
(Bartlett, 1950). Only one factor was extracted from the nine
items, with Eigenvalue being 4.94. This indicated that all
items fitted onto a single theoretical construct, which was
coding ability.

Item Discrimination

Independent t tests yielded significant differences between the
lower an higher 27% groups (i.e., the bottom 27% and the top
27%) in the scores of each item as well as the total scores
(Table 3). These results indicated that the discrimination pow-
er of the scale was good.

Relations of Coding Ability to Computational
Thinking, Creative Thinking, and Working Memory

To test the criterion validity of the coding ability assessment
tool, we measured whether coding ability was significantly
related to computational thinking, creativity, and working
memory with age as covariate. Significant positive correlation
was observed between coding ability and computational
thinking (Fig. 3A). Additionally, TTCT generated five crea-
tivity indicators (fluency, originality, elaboration, abstractness
of titles, and resistance to premature closures). Scores of these
five indicators were also added up to represent the general
creative thinking ability. Coding ability was significantly re-
lated to fluency (Fig. 3B), originality (Fig. 3C), and the gen-
eral creative thinking ability (Fig. 3D). Coding ability was not
related to numerical and visuospatial working memory
(ps > .395).

Discussion

The current study aimed to develop a tool to measure the
coding ability of young children aged 5–6 years. To reach
this goal, we designed a set of card-based games. The
emotional status and motivational level rated by experi-
menters indicate that this game-based coding ability as-
sessment tool is age-appropriate. The tool also has good
internal consistency, inter-raters reliability, test-retest

reliability, as well as good content validity, construct va-
lidity, and item discrimination. Furthermore, as expected,
coding ability measured by this tool was significantly re-
lated to computational thinking and creative thinking,
suggesting good criterion validity.

Reliability and Validity of the Tool

Quality is a major concern in designing assessment tools
(Tang et al., 2020). In the present study, we assessed the
reliability of the tool in terms of internal consistency level,
raters’ reliability, and test-retest reliability. Most indicators
suggested that the tool had good reliability. The only excep-
tion was that the correlational coefficient for measuring the
test-retest reliability of the game measuring Function skill
was only marginally significant. We proposed two possible
reasons for this result. First, it might result from the small
sample size. We only re-tested 15 children’s coding ability
after the first run of test. Such small sample size could re-
duce the power to get significant findings and cause the
correlational coefficient to be easily affected by extreme
values. Second, the game measuring Function skill might
be quite challenging for young children; the manipulation of
commands in the game was probably more abstract or com-
plicated than the other games. Future study is desired to
examine whether reducing the abstraction level can improve
the test-retest reliability of the Function game in young
children.

The validity of the tool was measured by content validity,
construct validity, and item discrimination. The expert evalu-
ation method suggested that the tool had good content validity
both at the item and scale levels. As expected, exploratory
factor analysis suggested that the nine items in the tool fitted
onto a single theoretical construct, which was defined as cod-
ing ability. Additionally, the discrimination power of the tool
was good both at the item and scale levels.

Relations between Coding Ability and Computational
Thinking

Significant positive correlation was observed between coding
ability and computational thinking, supporting the claim that
these two constructs were related to each other (Popat &

Table 3 Statistical details for
item distinctiveness Item T P Item t p

Item 1 (Assignment) −4.262 < .001 Item 6 (Decomposition) −7.386 < .001

Item2 (Type) −10.799 < .001 Item 7 (Algorithm 1) −7.748 < .001

Item3 (Condition) −11.047 < .001 Item 8 (Algorithm 2) −5.940 < .001

Item4 (Loop) −10.185 < .001 Item 9 (Algorithm 3) −5.269 < .001

Item5 (Function) −8.757 < .001 Total −17.892 < .001
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Starkey, 2019). However, the effect size for the correlation
was only medium (r = .28), suggesting that they were not
completely the same construct (Barr & Stephenson, 2011;
Scherer et al., 2019). As mentioned above, researchers have
suggested that when problem situation is not involved during
coding, computational thinking would not be developed
(Menon et al., 2019). Additionally, it has also been suggested
that compared to coding, computational thinking includes
computational perspective which is defined as expressing,
connecting, and questioning. The computational perspective
has been viewed as a critical component of computational
participation (Kafai & Burke, 2014; Scherer et al., 2019).
Therefore, instead of viewing coding and computational
thinking as completely the same, it is critical to measure them
independently in order to reflect their commonality and
differences.

Relations between Coding Ability and Creative
Thinking

Coding ability measured by our tool was related to the dimen-
sion of fluency and originality as well as the general creative

thinking, but not related to the dimensions of elaboration,
abstractness of titles, and resistance to premature closures.
The findings suggested that coding ability were inherently
related to creative thinking. Such inherent relations might be
due to the engagement of creativity in the processes of coding
(Clements, 1995; Grover & Pea, 2013). Additionally, al-
though the current study did not test how learning coding
affected creativity in young children, our findings were con-
sistent with previous findings that learning coding exerted
positive effects on the dimensions of fluency and originality
in creative thinking (Clements, 1995; Kim et al., 2013;
Pardamean et al., 2011).

Relations between Coding Ability and Working
Memory

Coding ability was not related to digital and visuospatial
working memory in the present study. This finding was not
consistent with a previous study, in which a 6-week educa-
tional robotics intervention had positive effect on the visuo-
spatial working memory of 12 children aged 5–6 years (Di
Lieto et al., 2017). The inconsistent finding could be

Fig. 3 Relations between coding ability and computational thinking (A), fluency (B), originality (C), and the total score of TTCT (D)
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interpreted in different ways. First, the study above yielded a
positive effect of learning coding on working memory, but the
sample size was quite small, with only 12 children. Research
with appropriate sample size is needed to further establish
whether there are true relations between learning coding and
working memory as well as how they are related. Second, our
study focused on the relation between the inherent coding
ability and working memory, while the study above only test-
ed the effect of educational robotics intervention on working
memory. Future research needs to compare the differences
between coding learning and the inherent coding ability pos-
sessed by children in their relations to working memory. The
lack of correlation might also be due to the games in the
coding assessment tool posing few challenges to children’s
working memory.

Strengths and Limitations

The strengths of this study include: 1) we proposed a defini-
tion of young children’s coding ability; 2) we designed a
game-based assessment tool that can quantify the coding abil-
ity of young children with or without coding learning experi-
ence. The tool is not only appropriate for young children
based on emotional status and motivation level, but also has
good psychometric properties to measure the coding ability of
young children aged 5–6 years.

The current study also has limitations. First, it does not allow
to examine the causal relations between coding learning and
other cognitive abilities. Second, as this study focused on chil-
dren aged 5–6 years, further psychometric property tests are
needed to see if the tool can also be used to measure the coding
ability of other age groups. Finally, as the sample size of the
current study was small (n = 60), the present findings need to be
verified with bigger samples. However, despite the small sam-
ple size, our study has its own value because it is the first study,
to the best of our knowledge, to test the reliability and validity
of an assessment tool that is specifically developed to measure
the coding ability of young children (i.e., 5–6 years). For chil-
dren at this age range, it is a great challenge to conduct group
testing without causing too much noise, especially when we
intend to observe each child’s emotional and behavioral re-
sponse during testing. Meanwhile, unlike questionnaires or
scales, our tool allowed children to finish each test after they
had reached time limit, in order to improve user experience.
Therefore, although the sample size in the current study is
small, it provides important information regarding the design
and feasibility for testing the coding ability of young children.

Conclusions

Improving coding ability is not the sole purpose of early cod-
ing education. A more important aim is to provide contexts

where children can use the coding skills to solve problems in
effective, efficient, and creative ways, through which we can
promote the cognitive development of young children. To
reach these goals, we developed a game-based and age-
appropriate tool with good psychometric properties to assess
the coding ability of young children aged 5–6 years.
Moreover, as this tool does not rely upon any electronic media
and does not pose challenges to the computer skills of young
children, it has the potentiality to be widely applied to evaluate
the inherent coding ability of young children as well as the
learning outcome of educational coding programs.
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