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Abstract
Computational thinking (CT) is a new literacy of 21st century that can be trans-
ferred to and applied in different real-world situations, although being derived from 
the discipline of computer science. Tangible robots or child-friendly digital apps are 
used to implement coding education with the goal of promoting young children’s 
CT. However, there are still controversies on the validity and applicability of CT in 
early childhood, mainly due to the vagueness of the learning mechanism underlying 
young children’s CT. This cross-sectional study examined the associations among 
sequencing ability, self-regulation and CT among Chinses preschoolers (N = 101, 
Mage = 5.25 years, SD = 0.73). Results showed that sequencing ability and self-
regulation have positive and significant associations with CT, and the relationship 
between sequencing ability and CT was fully mediated by self-regulation, even 
after controlling for child gender, age, and family socioeconomic status (SES). This 
implies CT in early childhood as a combination of sequencing ability and self-reg-
ulation. Findings of this study have implications for early childhood CT education 
programs, suggesting the need to assist children in learning sequencing and how to 
self-regulate in coding (both plugged and unplugged) and STEM activities.
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Described as a new literacy of the 21st century, computational thinking (CT) is 
broadly defined as systematic analysis, exploration, and testing of solutions to open-
ended and often complex problems based on the analytical process rooted in the 
discipline of computer science (Lu & Fletcher, 2009; Wing, 2006). In recent years, 
CT in early childhood is also emerging as a field (Bers, 2018; Manches & Plowman, 
2017; Wang et al., 2021). Tangible robots or child-friendly digital apps are used to 
implement coding education with the goal of promoting young children’s CT (Bers, 
2018). However, there are still some controversies on the validity and applicability 
of CT in early childhood, mainly due to the vagueness of the learning mechanism 
underlying children’s CT.

Some existing research (e.g., Gerosa et al., 2021; Roman-Gonzalez et al., 2017; 
Wing 2011) in developmental psychology has defined several relevant cognitive 
skills involved in children’s learning processes which might overlap or correlate 
to CT skills, including self-regulation and sequencing ability. Myers (2021) high-
lights the importance of exploring the intersection of self-regulation and CT, sharing 
findings from a 2014 study and supporting the idea of teaching CT skills within an 
integrated early childhood curriculum to develop well-prepared citizens for the 21st 
century. More recent definitions of CT from the field of computer science education, 
support the claim, reinforcing the notion that it is important to promote the cognitive 
processes underlying CT education (Gerosa et al., 2021; Shell & Soh, 2013) showed 
that students with higher levels of self-regulation retained CT skills at a significantly 
higher rate compared to other students. Liu et al. (2021) also found that personal 
traits such as self-regulation could affect one’s CT skills. However, there is far little 
direct evidence to reveal the associations between these cognitive abilities (e.g., self-
regulation) and CT. Moreover, little is known as to the potential mechanism linking 
these cognitive abilities, particularly at an early age. Since sequencing ability and 
self-regulation are two fundamental cognitive abilities in early childhood, we con-
ducted this cross-sectional study to understand if sequencing ability and self-regula-
tion is related to CT, and to explore the possible mediation effect of self-regulation 
between sequencing ability and CT. The focus on cognitive issues related to learning 
CT in early childhood will inform the design of curricula for CT education, as well as 
teacher professional development in this field.

1  Literature review

1.1  Computational thinking, sequencing ability, and self-regulation

1.1.1  Computational thinking (CT)

According to Sands et al. (2018), computational thinking (CT) is a problem-solving 
approach influenced by computer science practices. It encompasses various analyti-
cal skills such as system design, problem decomposition, and algorithmic thinking, 
as well as the use of different levels of abstraction to solve problems, as described 
by Lu and Fletcher (2009). Additionally, CT is a set of mental skills and computer 
science concepts that can impact different fields, as noted by Wing (2011). Brennan 

1 3

14748



Education and Information Technologies (2023) 28:14747–14765

and Resnick (2012) proposed a more comprehensive framework that emphasizes the 
importance of CT for computational practices and perspectives beyond programming 
and hardware. Bers (2018) focused on CT in early childhood and defined it as a way 
for children to freely express their ideas using computers or other programming tools. 
Bers (2018) identified seven powerful ideas of computer science as the key compo-
nents of CT: algorithms, modularity, control structures, representations, hardware/
software, design processes, and debugging. However, these definitions are criticized 
for being more defined by computer scientists than by cognitive psychologists.

Viewed as the 21st century’s new literacy, researchers and educators have worked 
to integrate CT into multiple subjects in K-12 (Sands et al., 2018; Sun et al., 2021). 
CT is not only crucial for problem-solving, engineering design, and being ready for 
computer science and related occupations, but also has broad implications for dis-
cipline learning, such as reading, writing and mathematics (Wing, 2006, 2011). For 
instance, some educational robotics programs were found to be able to help chil-
dren learn number, size, and shape, as well as representation, spatial concepts, and 
measurement, which are key concepts and skills of mathematics (Highfield, 2000; 
Resnick et al., 1998; Wang et al., 2021). However, there is sparse research on the 
definition and promotion of CT in early childhood, thus our research will focus on 
young children’s CT and its relationship with other cognitive abilities.

1.1.2  Sequencing ability

Sequencing ability is a traditional area of focus in early childhood education. Sequenc-
ing is a common component of early math and reading activities, which involves the 
action of putting objects or events in the correct order (Zelazo et al., 1997). Sequenc-
ing ability is thus the ability applicable to multiple domains-mathematics, reading 
and even basic life tasks (Kazakoff et al., 2013). For example, children learn to retell 
a story by using the ability of logical sequencing. Sometimes they need to order num-
bers according to teachers’ requirements, and follow the sequence of daily activities 
in early childhood classrooms. In both literacy and mathematics, sequencing is essen-
tial for putting words and numbers in the appropriate order (Neuman & Dickinson, 
2002).

As noted by Sarama and Clements (1987), sequencing, along with sorting, mea-
surement, and pattern recognition, forms the foundation of young children’s math-
ematical learning. These basic skills enable children to think mathematically about 
the world. Piaget (1969) argued that sequencing is a skill that children begin to 
develop at the age of three, and it is a critical component of mathematics learning 
that is closely linked to children’s reversible thinking and simple to complex logical 
thinking. Research has shown that sequencing ability is a key predictor of children’s 
higher-level thinking skills. According to Kazakoff et al. (2013), computer program-
ming involves a process similar to story sequencing, where symbolic commands are 
arranged in a sequence to create algorithms that instruct a computer or robot. This 
same process of sequencing commands is used by children when they retell stories in 
a logical order. To create successful programs, children must use procedural thinking, 
such as “next,” “before,” and “until,” and understand the correct order of commands, 
as noted by Pea and Kurland (1984).
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Since sequencing is an important component of early literacy learning, research 
on children’s sequencing measured by picture story assessment is common in early 
childhood education (Kazakoff et al., 2013). Picture story assessment requires narra-
tive thinking and understanding of sequences by recognizing features represented in 
each picture (Paris & Paris, 2003). A picture sequencing assessment was chosen to 
evaluate children’s sequencing ability after their participation in robot programming 
activities, mainly because of the similarities between programming a robot and tell-
ing a story that involves ordered steps (Kazakoff & Bers, 2014 a, b).

1.1.3  Self-regulation

The ability of self-regulation is derived from the executive function of the brain 
and is a cognitive element that integrate the executive functions of attention, work-
ing memory and inhibition (Bodrova & Leong, 2006). Self-regulation begins with 
goal setting, and the motivation and executive functions share roles in the cognitive 
processes underlying self-regulation. The act of choosing a goal involves choosing 
among different tasks to pursue or the level of performance to aspire to within a task 
(Zimmerman, 2001). To achieve the defined goals, self-regulation is underpinned by 
executive functions, which are the cognitive processes enabling control over think-
ing and behaviors (McClelland & Cameron, 2012; Hamilton el al., 2011). Self-reg-
ulation plays an important role in the enhancement of autonomy, self-control, and 
self-efficacy (McClelland et al., 2007). It influences children’ academic skills, social 
adjustment, and school readiness (Eisenberg el al., 2010; McClelland et al., 2007). 
A study conducted by Schmitt et al. (2014) showed that children’s behavioral self-
regulation measured by the Head-Toes-Knees-Shoulders task (HTKS; Cameron et 
al., 2009) had a strongly positive relationship with early math and literacy skills. An 
extensive body of studies in Europe, North America, and China use HTKS to inves-
tigate preschool children’s self-regulation and demonstrate that it predicts children’s 
school readiness, and even the long-term academic performance (Ahmed et al., 2019; 
Gestsdottir et al., 2014).

1.1.4  Associations among CT, sequencing ability and self-regulation

In recent years, a few studies have focused on exploring the associations among CT 
and other cognitive abilities (Ambrosio et al., 2014; Gerosa et al., 2021; Román-
González, 2017). In terms of sequencing ability, the extant results indicated that CT 
and sequencing ability maybe interconnected. In the definitions of CT, sequencing/
order in algorithms for defining and solving open-ended complex problem that is 
foundational to CT (Arfé et al., 2019; Brennan & Resnick, 2012). In Fedorenko et 
al.’s (2019) study, young children’s engagement in computer programming is similar 
to the process of natural language comprehension and production, which requires 
the equipment of sequencing ability. Gerosa et al. (2021) found that children’s tem-
poral sequencing ability is a significant predictor of CT. Kazakoff and Bers (2012) 
conducted a small-scale intervention study and revealed that children’s participa-
tion in developmentally appropriate coding activities would lead to an increase in 
sequencing ability. As CT is the primary goal of engaging children in computer pro-
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gramming, it could be the case that CT is related to sequencing ability among young 
children. It is thus possible that, from a cognitive perspective, CT and sequencing 
ability are interconnected.

Previous studies have demonstrated a distinct relation between self-regulation 
and math achievement (Brock et al., 2009; Bull & Scerif, 2001; Espy et al., 2004). 
Research found that executive functions at early childhood was related to children’s 
concurrently and subsequently math performance (Ahmed et al., 2019; Mazzocco & 
Kover, 2007), suggesting executive function is a stable predictor of children’s math 
learning. In terms of sequencing, sequencing is a complex cognitive process that 
needs the involvement of self-regulation and executive functions, such as working 
memory, inhibitory control and mental flexibility. For example, Elkin et al. (2016) 
found that children performed better on sequencing a correct program that required 
them to manipulate less programming instructions, suggesting that younger children 
may not have enough working memory to hold more instructions simultaneously in 
their minds (Shonkoff et al., 2011).

Although there have been sparse research studies performed to help understand 
the relationship between self-regulation and CT, some previous studies demonstrated 
that self-regulation plays an important role in CT learning. For example, Gerosa et al. 
(2021) reported that children’s CT performance was significantly and positively cor-
related with executive functions such as planning and working memory. Robertson et 
al. (2020) assessed the CT and executive functions of children aged 11–12 years and 
found that there are positive associations between children’s behavioral, emotional, 
and cognitive regulations and CT. Shell et al. (2013) found that self-regulation could 
improve students’ performance in computer science courses by increasing students’ 
memory involvement in learning. Peters-Burton et al. (2015) claimed that CT can 
be viewed as self-regulated learning process. Kazakoff (2014) examined the bidirec-
tional relationship between self-regulation and learning to code in two kindergarten 
classrooms utilizing ScratchJr.

Based on the existing studies, self-regulation can be linked to children’s CT and 
sequencing ability, CT maybe have intersection with sequencing ability and self-
regulation, however, the existing studies lack direct evidence in early childhood, so 
it is necessary to further explore the relationship between sequencing ability, self-
regulation and CT among young children.

1.2  The possible mediating role of self-regulation in early childhood 
development

Some extant studies have found that self-regulation often plays a mediating role in 
early childhood development. Gözüm and Aktulun (2021) found that self-regulation 
has a partial mediating effect between receptive language and early academic skills, 
indicating that it is critical to support children’s self-regulation skills in the early 
years. Lucas-Nihei (2020) found that preschooler’s self-regulation mediates the rela-
tion of parent-child attachment quality and preschooler’s peer acceptance. In Padilla-
Walker et al.’s (2010) study, self-regulation played a partial mediating role in the 
relationship between sibling relationship and children’s positive and negative behav-
iors, suggesting that a positive sibling relationship could act as the training ground 
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for self-regulation, and thus triggered children’s prosocial behaviors. Ganesalingam 
et al.’s (2007) evidence indicated that self-regulation acted as a significant mediator 
between childhood traumatic brain injury and social and behavioral functions. After 
brain injury, young children’s self-regulation ability decreased, resulting in poor 
social and behavioral functions. These findings suggested that self-regulation plays a 
key role in relationships between different variables in a specific development area, 
such as cognition, behavior, and social-emotional development of children.

Previous research explained the mediating mechanism of self-regulation in the 
relationship between different variables. The ability of self-regulation is derived from 
the executive function of the brain (Bodrova & Leong, 2006), and this executive 
function is accompanied by a mechanism of control and regulation. The regulation 
mechanism can adjust children’s emotion and behavior to make them conform to the 
targeted behavior (Catalsakal, 2016; Zimmerman, 2001). Some studies found that 
making long-term plans, preparing for possible events, task persistence in the face of 
failure, goal setting, goal attainment strategies, and time management all require self-
regulation skills (Baumeister et al., 2003). Accordingly, self-regulation is similar to a 
psychological device (Morosanova, 2013) and is associated with positive outcomes 
(Eiden et al., 2007), which can adjust the relationship between two related variables 
to point to a positive outcome.

Based on the extant studies, sequencing ability affects children’s CT, while self-
regulation is regarded as an important factor of CT learning (Erin et al., 2015). In this 
sense, self-regulation may mediate how sequencing ability is linked to CT. Therefore, 
we examined the mediating effect of self-regulation between sequencing ability and 
CT in preschoolers.

1.3  The Present Study

Due to the importance of CT, there is a proliferation of early coding curricula and 
technologies designed for young children to promote their CT. However, there is 
rare empirical evidence to understand and promote the cognitive process underly-
ing CT among young children. Therefore, it is important to reveal the mechanism 
that influences children’s CT. Based on the preliminary evidence about the links 
among sequencing ability, self-regulation, and CT, we conducted a cross-sectional 
study to provide direct evidence for the associations between these targeted variables 
among Chinese young children. The main purpose of this study was not only to prove 
whether sequencing ability and self-regulation positively correlate with children’s 
CT, but also to investigate the mediating effect of self-regulation between sequencing 
ability and CT.

This study was guided by the following two research questions:

RQ1: Are sequencing ability and self-regulation associated with CT among the 
Chinese preschoolers?
RQ2: Does self-regulation mediate the relationship between sequencing ability 
and CT among the Chinese preschoolers?
This study was guided by the following research hypothesis:
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Hypothesis 1  Sequencing ability is positively associated with CT among young 
children.

Hypothesis 2  Self-regulation is positively associated with CT among young 
children.

Hypothesis 3  Sequencing ability is positively associated with self-regulation 
among young children.

Hypothesis 4  Self-regulation mediates the relationship between sequencing 
ability and CT among young children.

2  Method

This study used a quantitative methodology with a cross-sectional research design to 
assess the CT, self-regulation, and sequencing skills of Chinese preschoolers. Demo-
graphic data was collected from parents/caregivers through a survey. The child assess-
ments were administered in children’s native language (Mandarin) by six assessors.

2.1  Participants

Table 1 shows the demographic data for participants. A total of 101 Chinese children 
(Nboys = 49; Ngirls = 52; overall mean age = 5.25 years, SD = 0.73) who were enrolled 
in a public preschool serving children aged 4–6 years in Beijing, China participated 
in this study. Convenience sampling was implemented. Informed consent forms were 
obtained from the child participants’ parents/caregivers before assessing the chil-
dren’s CT and sequencing skills. Letters describing the research project and consent 
forms were given to parents/guardians through the teachers. Parents/caregivers were 
also asked to complete a survey that collects information about their highest levels 
of education, occupation, family income, and their child’s date of birth and gen-
der. All the child assessments were administered in children’s native language (i.e., 
Mandarin), in a quiet, open room in the preschool, and by six assessors who were an 
Assistant Professor (N = 1) and postgraduate students in Early Childhood Education 
(N = 5). The study has obtained ethical approval from the relevant institutional review 
board prior to the commencement of data collection.

2.2  Measures

TechCheck  The CT assessment implemented in this study was translated from Rel-
kin and colleagues’ TechCheck (Relkin et al., 2020). TechCheck has a total of 15 
items and assesses six domains of CT that are developmentally appropriate for young 
children, including algorithms, modularity, control structures, representation, hard-
ware/software, and debugging (Bers, 2018). Each question is presented in a force-
selection multiple-choice format with four options, each correct response is awarded 
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with one point, with a maximum score of 15 points. TechCheck was shown to have 
good psychometric properties (The observed α = 0.68; criterion validity at r = .53) in 
a previous validation study (Relkin et al., 2020). The assessment computerized ver-
sion was released on Wenjuanxing, the largest online survey platform in China. Since 
the young children are pre-literate, the assessors read each question out loud to the 
children twice and give them up to one minute to answer each question. It normally 
takes 12 min to administer the TechCheck with young children (Relkin et al., 2020).

The head-toes-knees-shoulders task  In this study, the Head-Toes-Knees-Shoulders 
(HTKS) task was used to measure children’s behavioral self-regulation. The HTKS 
task was developed by Claire Cameron and Megan McClelland. Previous studies 
have showed this measure is a valid and reliable measure of self-regulation in young 
children that has been translated into over 20 languages and is being used worldwide 
(McClelland et al., 2014, Schmitt et al., 2014). The HTKS task consists of 30 items 

Demographic characteristics
Child age (M ± SD) 5.25 ± 0.73
Child gender

Boy 49 (48.5)
Girl 52 (51.5)

Father education
High school and below 9 (8.9)
Associated degree 24 (23.8)
Bachelor degree 52 (51.5)
Master degree and above 16 (15.8)

Mother education
High school and below 5 (5)
Associated degree 30 (29.7)
Bachelor degree 50 (49.5)
Master degree and above 16 (15.8)

Father vocation
Semi-technical and technical worker 23 (22.7)
Semi-professional and public servant 28 (27.7)
Professional and officer 45 (44.6)
High-level professional and administrator 5 (5)

Mother vocation
Semi-technical and technical worker 28 (27.7)
Semi-professional and public servant 26 (25.7)
Professional and officer 45 (44.6)
High-level professional and administrator 2 (2)

Household income
< 5000 RMB per month 3 (3)
> = 5000 and < 7999 RMB per month 7 (6.9)
> = 8000 and < 9999 RMB per month 6 (5.9)
> = 10,000 and < 11,999 RMB per month 9 (8.9)
> = 12,000 and < 14,999 RMB per month 14 (13.9)
> = 15,000 and < 19,999 RMB per month 9(8.9)
> = 20,000 RMB per month 53(52.5)

Table 1  Demographic Data for 
Participants
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and measures three aspects of functioning, including cognitive flexibility, working 
memory, and inhibitory control. In the HTKS task, children were asked to respond to 
assessor’s specific commands. Children were given 0 points for wrong responses, 1 
point for self-corrected responds and 2 points for correct responses (Cameron Ponitz 
et al., 2009). The total score of this measure ranges from 0 to 60.

Picture sequencing task  Children were administered the direct assessment of Pic-
ture Sequencing Task (PST, Kazakoff & Bers 2014 a, b) to assess their sequencing 
ability in this study. Picture story sequencing assessments are common for assess-
ing sequencing in early childhood. For example, children were tasked with orga-
nizing four picture sequences that denote temporal events in PST (Brown, 1975). 
Five picture stories were used in the present study. Each picture story contains four 
picture cards and the children are asked to put them in order to make a correct story. 
During each picture sequencing task, the child participants were shown and inter-
preted according to a standardized procedure. After the child participant finished each 
sequencing task, the assessor then recorded the order that the child places the cards 
in. The child participant was awarded a score of 2, 1, or 0 for a correct sequence, a 
sequence with the correct beginning and ending cards, and a completely incorrect 
sequence, accordingly. The maximum score is 10 points for the picture sequencing 
task.

2.3  Statistical analyses

All these statistical analyses were conducted using the 26th version of SPSS Statistics 
software. First, we computed the descriptive statistics, i.e., mean and standard devia-
tion, for each variable. Then, we conducted preliminary analyses, such as using inde-
pendent sample t-tests across gender to test for differences in mean levels. Second, 
we evaluated the correlation between variables using the Pearson correlation analy-
sis. The magnitude of the correlation coefficient was interpreted according to the 
criteria recommended by Gignac and Szodorai (2016) when reporting effect sizes in 
correlational studies. In addition, to investigate the mediating effect of self-regulation 
between sequencing ability and CT, mediation analysis was assessed using Hayes’ 
PROCESS macros (Hayes, 2012) in SPSS.

The PROCESS approach combines regression and bootstrap methods and is used 
to check for mediation by interpreting results based on beta coefficients and boot-
strapping confidence intervals. In the current study, a simple mediator model was 
used and Fig. 1 illustrates this model, as proposed by Preacher and Hayes (2004). In 
Panel A of the model, the unstandardized path coefficient c represents the total effect 
of the independent variable (X) on the dependent variable (Y). In Panel B, the direct 
effect of X on Y (path c’) and the indirect effect of X on Y through the mediator (M) 
are represented. The total effect of X on Y (path c) is the sum of the direct and indi-
rect effects. The model parameters were estimated using a bootstrapping approach, 
which avoids assumptions about sampling distributions by empirically estimating 
the sampling distribution of a statistic from the available data and using it to estab-
lish confidence intervals and calculate p-values. Hypotheses can be tested and confi-
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dence intervals constructed using the bootstrap sampling distribution. Ordinary least 
squares were used to estimate all model paths.

3  Findings

3.1  Descriptive and correlational analyses

Table 2 showed the results of descriptive statistical and correlational analyses. Find-
ings demonstrated that the mean scores of children’s CT, sequencing ability and self-
regulation are 7.42 (SD = 2.89), 4.49 (SD = 2.74) and 41.63 (SD = 13.91), respectively.

The result of correlational analyses showed that a positive relationship exists 
between CT, sequencing ability and self-regulation. Children’s sequencing ability 
was positively correlated with CT (r = .36, p < .001). Self-regulation was positively 
correlated with CT (r = .54, p < .001), and sequencing ability correlated positively 
and significantly with self-regulation (r = .40, p < .001). The magnitude of the rela-
tionship between sequencing ability and CT, between self-regulation and CT and 
between sequencing ability and self-regulation were large, according to the standards 
for evaluating the magnitude of correlational coefficients (Gignac & Szodorai, 2016). 
Therefore, the Hypothesis 1, Hypothesis 2 and Hypothesis 3 were confirmed.

Table 2  Mean, Standard Deviation, and Correlation Coefficients among the Variables
Variable M SD 1 2 3 4 5 6
1. gender 1.51 0.50 -- 0.11 -0.05 0.04 0.07 -0.07
2. age 5.25 0.73 -- 0.13 0.34** 0.36*** 0.44***
3. Family SES 21.39 4.29 -- 0.02 0.30** 0.11
4. sequencing ability 4.49 2.74 -- 0.40*** 0.36***
5. self-regulation 41.63 13.91 -- 0.54***
6. CT 7.42 2.89 --
Notes. ** Correlation is significant at the 0.01 level (2-tailed); SES = socioeconomic status; 
CT = computational thinking

Fig. 1  Simple Mediator Model
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We also explored whether there were differences in the sequencing ability, self-
regulation and CT across gender, age and family SES. Results demonstrated there 
were no significant gender differences in sequencing ability, self-regulation and CT. 
Result of correlation analyses demonstrated significant correlations between age and 
sequencing ability, self-regulation and CT, with effect sizes ranging from 0.34 to 0.44, 
and family SES was significantly correlated with self-regulation(r = .30).Because the 
results showed that age, SES had correlation with children’s CT, sequencing ability 
and self-regulation, we controlled for the potential effect of these variables in the fol-
lowing mediation analysis.

3.2  Mediation analysis

The correlation results confirmed that sequencing ability, self-regulation and CT 
were positively correlated. Therefore, we additionally verified self-regulation as a 
mediator among sequencing ability and CT by using PROCESS macro in SPSS.

Table 3 shows the bias corrected and accelerated bootstrap confidence intervals 
results. The results of mediation analysis as per regression-based approach can be 
seen in Fig. 2. After controlling the effect of gender, age and family SES, our results 
revealed that when self-regulation was not added as a mediator variable, the total 
effect of sequencing ability on CT came out to be significant (β = 0.25, t = 2.54, 
p < .05). When self-regulation was added as a mediator variable, the sequencing 
ability was not able to predict CT directly (β = 0.11, t = 1.12, p＞0.05). the results 
also suggest that sequencing ability was significant predict self-regulation (β = 1.60, 

Fig. 2  The Regression-Based Path Coefficients of the Mediation Analysis of Self-Regulation in the 
Relationship Between Sequencing Ability and CT

 

Unstandardized for 
coefficient

Bootstrapping 95% 
CI

Coefficient Std. error Lower CI Upper CI
Total effect 0.25 0.10 0.05 0.44
Direct effect 0.11 0.10 -0.08 0.30
Indirect effect 0.14 0.06 0.05 0.26

Table 3  Bootstrapping Re-
sults for Regression Model 
Parameters
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t = 3.45, p < .001), and the effect of self-regulation on CT came out to be significant 
(β = 0.09, t = 4.54, p < .001) in the mediator model. Overall, from the results of regres-
sion-based approach, it can be seen that self-regulation had fully mediation effect 
between sequencing ability and CT. Therefore, the Hypothesis 4 was confirmed. 
Table 4 shows the results of mediating effect analysis.

Current analyses utilized 5000 bootstrap resamples to generate 95% confidence 
intervals. The indirect and total effects in the model are tested using bootstrap sam-
ples. Table 3 represents the bias corrected and accelerated bootstrap confidence inter-
vals results as per the PROCESS macro in SPSS. The result indicated that the indirect 
effect of sequencing ability on CT via self-regulation came out to be significant as it 
does not include zero in the 95% bias corrected and accelerated bootstrap confidence 
interval (indirect effect = 0.14, SE = 0.06; 95% CI unstandardized = 0.05 to 0.26). 
From the results of indirect effect, it can be inferred that although sequencing ability 
provide a baseline of computational thinking, it is through self-regulation in those 
children regulate their cognition, emotions and behaviors are able to perform better in 
CT. Hence, the findings of this paper provides novel viewpoints which will contribute 
to the existing literature and provide direction for further empirical developments.

4  Discussion

We conducted this cross-sectional study to investigate the relationship among 
sequencing ability, self-regulation, and CT among Chinese preschool children. It 
contributes to the international literature by exploring CT in early childhood and its 
relationships with other cognitive abilities with direct measures.

4.1  CT in early childhood = sequencing ability + self-regulation

First, the results showed that sequencing ability had a significant positive correlation 
with children’s CT. This result was consistent with the findings of Gerosa et al.’s 
(2021) study, which found that sequencing ability positively predicts CT of children 
aged 5. This finding suggests that the development of sequencing ability may can 
serve to prepare young children for better using CT to formulating problems and their 
solutions. In previous research, the development of sequencing has been found to 
play a vital role in creating sequenced commands to give instructions to a computer 
or a robot (Kazakoff et al., 2013). Children’s engagement in coding is similar to the 

Predictor 
variable

Dependent 
variable

β t R2 F

sequencing 
ability

CT 0.25 2.54* 0.26 8.55***

sequencing 
ability

Self-regulation 1.60 3.45*** 0.29 9.72***

sequencing 
ability

CT 0.11 1.12 0.39 12.36***

self-regulation 0.09 4.54***

Table 4  Mediation Analysis of 
Self-Regulation in the Relation-
ship Between Sequencing 
Ability and CT

Notes. *** p < .001, ** p < .01, 
* p < .05; CT = computational 
thinking
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process of retelling a story in a logical sequence or ordering numbers in the correct 
sequence (Fedorenko el al., 2019; Kazakoff et al., 2013). It indicates that sequenc-
ing is one of the basic computational concepts and skills in CT framework (Brennan 
& Resnick, 2012). To some extent, our study supports the study of Kazakoff and 
Bers (2012), who offered preliminary evidence of the positive effect of programming 
education on young children’s development of sequencing ability. As explained by 
Fedorenko et al. (2019), young children’s engagement in coding is similar to the pro-
cess of natural language comprehension and production, which requires the equip-
ment of sequencing ability. Coding is highlighted as a process of creating sequenced 
commands to give instructions to a computer or a robot (Kazakoff & Bers, 2014a, 
b). Our study provides evidence to further support that children’s sequencing ability 
could be one of the specific cognitive processes supporting CT. Given that sequenc-
ing ability is critical not only to mathematics and language learning but also to every-
day activities such as getting dressed and brushing teeth, early childhood educators 
should focus on providing children with ample opportunities for sequencing practice 
in math, language, and daily life activities. Such practice can have a positive impact 
on the CT development among young children.

Second, our findings demonstrated that self-regulation is significantly correlated 
with CT. This aligns with previous evidence, indicating that young children’s work-
ing memory (Gerosa et al., 2021), inhibitory control (Arfe et al., 2019) and execu-
tive functions (Arfe et al., 2020) are associated with CT. Since executive functions, 
including planning, visuo-spatial working memory and inhibition skills, are often 
used to regulate children’s thinking and behaviors when children participated in cod-
ing activities (Di Lieto et al., 2017), children with a higher level of self-regulation 
tend to perform better in CT tasks. It is likely that self-regulation may serve as a valu-
able cognitive tool, which can boost CT of young children.

Third, the unique evidence of this study revealed that self-regulation fully medi-
ated the association between sequencing ability and CT among Chinese young chil-
dren, indicating that if young children possess a higher level of sequencing ability and 
self-regulation, they will perform better in CT tasks. Our evidence supports previous 
studies on the positive associations between self-regulation and children’s sequenc-
ing ability. In terms of the development of sequencing ability among young children, 
more working memory must be involved in hard sequencing process (Elkin et al., 
2016). Sullivan and Bers (2014) also found that preschool children encounter more 
difficulties on a hard-sequencing Solve-It programming task (ordering five program-
ming blocks) than an easy-sequencing Solve-It task (ordering four programming 
blocks). A possible explanation is that younger children do not have enough working 
memory to hold more than five instructions simultaneously in their minds until they 
are several years older (Shonkoff et al., 2011). In our study, children’s sequencing 
ability was assessed by ordering the four pictures of a story correctly in given time, 
the children’s success on the sequencing task maybe due to their working memory 
and the capacity to simultaneously remember and process all the parts of the story. 
Therefore, it is likely that with the higher level of sequencing ability, young chil-
dren’s self-regulation, including working memory, attention span, and ability to plan 
will increase, thus leading to better performance on CT tasks (Shonkoff et al., 2011).
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4.2  Contributions of the study

As noted in a review by Hsu et al. (2018), previous research on CT has largely focused 
on high-grade primary students, adolescents, and adults. This study contributes to the 
limited literature on CT in early childhood by examining the associations between 
CT and other cognitive factors, particularly the mediating role of self-regulation 
between sequencing ability and CT in Chinese young children. The results indicate 
that sequencing ability and self-regulation are significantly positively associated with 
young children’s CT, and self-regulation robustly mediates the link between sequenc-
ing ability and CT. Although there is a lack of knowledge about the cultural variance 
of CT, it is important to note that cultural experiences may influence children’s cogni-
tive abilities, as suggested by Richland et al. (2010). The Chinese traditional culture, 
which emphasizes respect, humility, classroom discipline, and self-control (Yang, 
2018; Yang & Li, 2020), may impact children’s abilities to self-regulate and self-
monitor their learning and increase their awareness of their behavior in any learning 
activities. Therefore, while Chinese culture may have some influence on our findings, 
globalization may limit this impact, highlighting the need for further cross-cultural 
research in this field.

4.3  Implications for CT education

The findings provide several implications. Our study confirmed that sequencing abil-
ity and self-regulation play an important role in young children’s CT development, 
thus shedding light on future research on effective learning programs tailored for 
young children in terms of promoting their CT.

The results imply that high level of sequencing ability tends to result in better CT. 
Since sequencing is an important component of both early mathematics and early 
literacy learning and it is a common theme in early childhood classroom, our find-
ing suggest that sequencing skills may be one of the specific cognitive processes 
that supporting CT among young children. That is, story sequencing skills, number 
sequencing skills are not only the foundational skills of mathematics and literacy 
learning, but also serve as the cognitive tool to boost children’s CT. Therefore, it may 
be worthwhile when introducing young children to computational related concepts 
and practices to focus on increasing their basic sequencing ability (Elkin et al.,2016). 
In addition, since sequencing is a basic skill in children’s multi-domain learning, this 
study provides solid evidence and support for the integration of CT into discipline 
teaching, such as STEM and language, in early childhood classrooms. It is necessary 
to support early childhood teachers to make greater efforts to appreciate the need for 
interdisciplinary teaching approaches in CT related teaching. Furthermore, computer 
programming can be seen a version of story sequencing, since previous research 
showed that sequencing abilities increased after an intensive robotics workshop for 
a sample of preschool children (Kazakoff et al., 2014, 2013). Moreover, our findings 
demonstrate the urgent need to integrate effective programming education into early 
childhood classrooms, to not just cultivate children’s sequencing abilities, but also 
hold considerable promise to achieve CT development for children.
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The results also imply that self-regulation is also a key to develop CT. Self-regu-
lation robustly mediated the relationship between sequencing ability and CT among 
young children. Therefore, teachers should pay more attention to increase children’s 
self-regulation skills during learning activities, including children’s inhibitory con-
trol, attentional flexibility and working memory, which are important for the devel-
opment of young children’s CT. Previous research has defined self-regulation as the 
self-directive process through which individuals transform their cognitive functioning 
into task performance (Zimmerman, 2001). With the ability of self-regulation, chil-
dren are able to recognize their own learning and take control of their thoughts and 
behaviors in learning process, which means that children can continuously monitor 
the progress toward their learning goal, checking outcomes, and redirecting unsuc-
cessful efforts (Berk, 2003). Children who developed better self-regulation skills are 
better to integrate multiple components of skills, attention, working memory, and 
inhibitory control in their learning (Corno & Mandinach, 1983). Since self-regula-
tion skills develops significantly during early childhood (Wanless et al., 2016), self-
regulation should be emphasized in early childhood (Erin et al., 2015). Therefore, 
children’s learning behaviors like setting goals, planning, monitoring, directing, and 
regulating actions towards learning goals should be concerned by teachers.

4.4  Limitations and future research directions

This study has several limitations, the most important of which is the small size 
and scope of sample. To address this limitation, future research should consist of a 
larger group of samples, which could provide a better understanding. Moreover, we 
only used direct assessments for assessing children’s sequencing ability and compu-
tational thinking, which may need the supplement of more evidence generated with 
other types of measurement tools such as teacher report and observer report. Lastly, 
since this study only investigated sequencing ability, self-regulation, and CT among 
Chinese young children, a generalization of these results s to other cultural contexts 
should be taken cautiously. Researchers can consider using a cross-cultural approach 
to explore the associations between CT and other cognitive abilities in early child-
hood in the future.
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