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Abstract
Early childhood is a critical period for cognitive development and the emergence of attention deficit hyperactivity disorder. 
Therefore, many researchers have explored the relationship between executive function and attention deficit hyperactivity 
disorder (ADHD) in young children. However, the findings have been inconsistent. This study used a cross-lagged survey to 
clarify the interaction between executive function and ADHD in early childhood as well as explore the trends of the same. 
Data were collected using questionnaires distributed to 376 parents of children aged 4–6 years in October 2018 (Time 1) 
and June 2019 (Time 2), with components including the Child Executive Functioning Scale (Parent Version) and Child Dif-
ficulty and Strengths Scale (Parent Version), and the mean age of the children surveyed at Time 1 was 58.96 ± 11.94 months. 
Results indicate that executive function and attention deficit hyperactivity disorder were stable, with significant positive and 
secondary positive correlations between executive function and attention deficit hyperactivity disorder. The cross-lagged 
regression analysis showed that the inhibition of executive function components at Time 1 predicted the attention deficit 
hyperactivity disorder at Time 2. Finally, the cross-lagged regression analysis showed that attention deficit hyperactivity 
disorder at Time 1 significantly predicted the inhibition at Time 2. There was a strong relationship between inhibition and 
attention deficit hyperactivity disorder in the sample, with some reciprocal causality. The findings indicate the urgent need 
for early screening and intervention in cognitive and behavioral disorders.
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Introduction

Executive function (EF) refers to an individual’s ability to 
use thinking skills to achieve goals, develop problem-solv-
ing methods, and monitor and adjust their behaviors. It is a 
higher-level processing activity in the brain. In addition, it is 
the process by which individuals exercise conscious control 
over their thoughts and actions (Beck et al., 2011). EF devel-
opment is particularly important in childhood to establish a 
foundation for better living and learning in the future (Best 
& Miller, 2010). Indeed, various studies have shown that it 

can both immediately affect learning and behavioral prob-
lems in children (Diamond & Lee, 2011; Kim et al., 2013) 
and predict outcomes such as health, wealth, and delin-
quency in adulthood (age 32 in the specific study; Moffitt 
et al., 2011).

Attention deficit hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder dominated by attention defi-
cit, hyperactivity, and impulsivity (APA, 2013). It typically 
develops in the preschool years, is most often identified dur-
ing school age, and can persist into adolescence and adult-
hood (Thapar & Cooper, 2016). The global prevalence of the 
disease is 3.4% in children under 18 years of age (Polanc-
zyk et al., 2015), with a detection rate of 6.26% in Chinese 
children (Thomas et al., 2015). ADHD has gained increas-
ing attention because of its high co-morbidity and high risk 
(Singh et al., 2015). In addition, numerous studies have dem-
onstrated executive function deficits in school-aged children 
as well as in the adult ADHD population (Barkley, 1997; 
Neely et al., 2016), but the relationship between executive 

 * Liheng Fan 
 fanliheng@163.com

 Yinling Wang 
 290825317@qq.com

1 Institute of Psychology and Behavior, Henan University, 
475004 Kaifeng, China

2 Faculty of Education, Henan University, 475004 Kaifeng, 
China

http://orcid.org/0000-0003-4063-0106
http://crossmark.crossref.org/dialog/?doi=10.1007/s12144-022-03233-5&domain=pdf


 Current Psychology

1 3

function and ADHD in preschool children is controversial 
(Espy et al., 2011) and warrants further exploration.

The Relationship Between EF and ADHD

Some researchers have suggested that preschool is a criti-
cal period for developing executive function. Furthermore, 
executive function deficits predict later ADHD symptoms 
(Barkley, 1997). For example, a study by Brocki et al. (2010) 
found that executive function at age 5 significantly predicted 
ADHD symptoms at age 7. A study by Bohlin et al. (2012) 
further showed that inhibitory control at age 5 predicted 
ADHD symptoms at age 7. The predictive role of executive 
function in preschoolers for later ADHD symptoms was also 
demonstrated by Sjöwall et al. (2017) in a 13-year follow-
up study of preschoolers. However, some researchers have 
argued that early executive function does not predict later 
ADHD symptoms in children. For example, Rajendran et al. 
(2015) found that executive function did not significantly 
predict ADHD symptoms in school-aged children in a 6-year 
follow-up study of children aged 3–4 years. Whether EF is 
predictive of ADHD remains to be further explored.

In addition to longitudinal studies between the two, more 
researchers have conducted comparative studies of EF per-
formance in children with ADHD from a cross-sectional 
perspective. Mahone and Hoffman (2007) conducted an EF 
experiment with 25 pairs of age-, sex-, and socioeconomi-
cally matched preschool children with ADHD and a normal 
group, finding that those with ADHD had impaired EF in all 
factors and dimensions by comparison. However, some stud-
ies have found inconsistent results. Schoemaker et al. (2012) 
found that children with preschool ADHD were impaired 
only in inhibitory abilities. Sjöwall et al. (2015) found that 
working memory was significantly associated with ADHD 
symptoms but not inhibitory abilities. In contrast, Tu et al. 
(2021) concluded that working memory had the most pro-
nounced effect on children with ADHD symptoms, followed 
by inhibitory abilities. Alternatively, some researchers have 
found no observable EF deficits in children with ADHD 
(Willcutt et al., 2005; Xia, 2020).

Current Research

The literature shows that many researchers have explored the 
relationship between EF and ADHD in children. However, 
most of these studies have been done at the clinical level. They 
compare only differences in EF between children with ADHD 
and average children. With respect to the sequence of ADHD 
severity from subclinical to clinical, most studies focus their 
attention on children with a clinical ADHD diagnosis. Thus, 
children with subclinical features are overlooked (Levy et al., 
1997). Yet, children with milder ADHD features, insufficient 
for a diagnosis of clinical psychiatric symptoms, may suffer 

from daily impairment (Otterman et al., 2019). Studies have 
found that younger children and adults with ADHD below clin-
ical features also experience problems with executive function 
(Brocki et al., 2010). These findings are significant. Children 
with subclinical impairments frequently go undetected by men-
tal health services for a variety of reasons (Ford et al., 2007). In 
addition, most studies have focused on school-age and adult-
hood while generally ignoring preschool, one of the most dra-
matic periods of human brain plasticity (Otterman et al., 2019). 
Furthermore, previous studies on EF and ADHD have been 
primarily cross-sectional, and inconsistencies in the results of 
the small number of longitudinal studies in combination lead to 
an inability to draw conclusions about the timing and temporal-
ity of the association. If a causal relationship between cognitive 
(EF) and ADHD subclinical characteristics can be identified in 
early childhood, early screening and interventions can be devel-
oped to substantially change individuals’ maladaptive behaviors 
(especially in those with subclinical ADHD).

Furthermore, early childhood is known as a stage of both 
rapid EF development and the initiation of ADHD onset 
(Best & Miller, 2010; Tu et al., 2020), along with signifi-
cant age differences in the developmental rates of different 
EF components (Best & Miller, 2010; Wang et al., 2019). 
Regarding the age of ADHD development, the debate on 
whether ADHD is a self-healing disorder has led more 
researchers to focus on changing trends in the incidence of 
ADHD from school age to adulthood (Faraone et al., 2006). 
Meanwhile, this has neglected the age-related development 
of ADHD in preschool children, even though such trends 
have essential clinical value and implications for early detec-
tion and treatment by clinicians and parents (Daley et al., 
2009). This gap in the literature highlights an important area 
of further research into age differences in EF and ADHD in 
preschool children.

Based on this, two research questions are proposed. First, 
to explore the temporal and age-specific trends in the com-
ponents of executive function (working memory, inhibi-
tion, and regulation) and ADHD in children aged 4–6 years, 
investigating whether different characteristics of changes in 
executive function and ADHD emerge over time. Second, to 
explore the potential causal relationships between the three 
components of executive function and ADHD in young chil-
dren by selecting the beginning and end of a school year as 
two time points to measure first the effect of EF/ADHD and 
then that of ADHD/EF.

Method

Participants

Using whole-class sampling, we recruited parents with 
young children enrolled at two kindergartens in a city in 
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Henan Province. The first questionnaire was administered 
in October 2018 (Time 1; T1). The second was administered 
in June 2019 (Time 2; T2). The study protocol followed the 
ethical guidelines outlined by the American Psychological 
Association (APA). Respective principals at each kindergar-
ten, the parents of all participating young children, and the 
institutional review board of Henan University approved the 
study. A total of 398 participants responded at T1. However, 
22 were excluded at T2 due to missing or incomplete data, 
leaving 376 total valid responses (94.5% from T1, including 
217 boys and 159 girls). Of these participants, 103 were 4 
years of age (mean of 46.56 ± 3.87 months1), 136 were 5 
years of age (mean of 56.75 ± 4.72 months), and 137 par-
ticipants were 6 years of age (mean age of 70.43 ± 10.74 
months), all of whom were thus placed into respective 
groups for analysis. Additional family-related information 
about the children is shown in Table 1.

Research Tools

EF

To measure EF, we used the Chinese version of the Child-
hood Executive Functioning Inventory (CHEXI) developed 
by Thorell and Nyberg (2008), later translated and revised by 
Wei et al. (2018). The parents of participants were requested 
to rate their child’s EF. The CHEXI consists of 24 questions 
across the three dimensions of working memory, regulation, 
and inhibition; items are rated on a scale ranging from 1 to 5, 
with higher scores indicating a higher problem rate related 
to EF. In this study, the CHEXI received Cronbach’s alpha 
coefficients of 0.86 and 0.88 for T1 and T2, respectively.

ADHD

To measure ADHD, we used the ADHD subscale of the 
Strengths and Difficulties in Childhood Scale (parent ver-
sion) (Goodman, 1997). This subscale has good measures 
of ADHD in young children (Xu et al., 2019). The subscale 
contains five items with scores ranging from 0 to 2. Higher 
scores indicate more severe ADHD problems. In this study, 
the scale received Cronbach’s alpha coefficients of 0.65 and 
0.68 for T1 and T2, respectively.

Research Procedures

This study implemented a cross-lagged design in which 
parents responded to questionnaires concerning EF and 
ADHD in their young children. Specifically, this included 
the Executive Functioning Questionnaire for Young Chil-
dren (parent version) and Attention Deficit Hyperactivity 
Disorder subscale (parent version), collected uniformly after 
completion. Following the time-lagged design, the question-
naires were completed at two time points, including October 
2018 (T1), or within one month of the start of the school 
year, and June 2019 (T2), or within one month before the 
end of the school year. There was an eight-month interval 
between measurements.

Data Analysis and Common Method Deviation Test

We used the IBM SPSS 23.0 software package to enter, 
organize, and analyze the collected data. Four main steps 
were carried out. We used Harman’s one-way test to assess 
the common method effect in the first step. In the second 
step, we conducted repeated-measures ANOVAs with the 
three components of EF and ADHD set as dependent varia-
bles, the measurement times (T1 and T2) set as within-group 
variables, and age as between-group variables. This design 
was aimed at understanding the differences in changes in 
EF and ADHD between T1 and T2 between ages. In the 
third step, we investigated the relationship between EF and 
ADHD at different time points using the Pearson correlation 
method. Finally, we conducted a linear regression analysis to 
investigate any causal relationships between EF and ADHD 
in the fourth step.

As the questionnaires represented the measurement 
instruments and were rated by the children’s parents, there 
was a potential for common method bias. Therefore, we 
tested for the common method effect. The results showed 
that eight and seven principal component factors were 
extracted for T1 and T2 without rotation, respectively. 
The first principal component factor explained 23.53% and 
26.23% of the total variance. These values were below the 
critical criterion of 40% (Zhou & Long, 2004). This result 

Table 1  Sample characteristics

n Percentage(%)

Gender(male) 217 57.6
One-child family(yes) 202 53.9
Monthly income (Renminbi)
 Lower than 5000 Yuan 72 19.1
 5000 Yuan to 7000 Yuan 109 29.0
 Higher than 7000 Yuan 181 48.1
 Missing 14 3.8

Mother education
 high school degree or less 61 16.2
 College degree 295 78.4
 Master degree or above 20 5.3

1  The mean age was the average at T1.



 Current Psychology

1 3

indicated that no significant common method bias effect 
was present.

Results

Descriptive Statistical Results for EF and ADHD

Table 2 shows the EF and ADHD scores for both T1 and 
T2.

There was a trend toward a decrease in both EF prob-
lems and ADHD tendencies over time. A repeated-measures 
ANOVA with ADHD set as the dependent variable, time 
of measurement (T1 and T2) set as the within-group vari-
able, and age set as the between-group variable revealed that 
the main effect of time of measurement was not significant 
(F(1, 373) = 0.10, p > 0.05). The main effect of age was not 
significant (F(1, 373) = 2.24, p > 0.05). In addition, the age and 
time of measurement interaction effect was not significant 
(F(1, 373) = 0.28, p > 0.05). Separate repeated-measures ANO-
VAs with the three factors of EF set as dependent variables, 
measurement time set as a within-group variable, and age 
set as a between-group variable revealed significant main 
effects on measurement time only for working memory 
(F(1,373) = 20.59, p < 0.001, η2 = 0.052), with higher work-
ing memory problems in T1 than in T2. The other main and 
interaction effects were not significant (p > 0.05).

Correlation Analysis of EF and ADHD

We conducted a Pearson correlation analysis to correlate the 
variables associated with the two data points. As shown in 
Table 3, there were significant correlations between the T1 
and T2 scores for the four variables of inhibition, working 
memory, regulation, and ADHD, thus indicating that the 
dimensions of EF and ADHD showed some stability over 
the investigated period. In addition, the three dimensions 
of EF were significantly correlated with ADHD at both T1 
and T2. This result indicates that all three dimensions were 
significantly correlated with the simultaneity of ADHD. 
In addition, the immediate correlation between the three 
dimensions of EF and ADHD was significant. Therefore, the 
three dimensions of EF at T1 were significantly correlated 
with ADHD at T2, while ADHD at T1 was significantly 
correlated with the three dimensions of EF at T2. This result 
satisfied the basic study hypothesis.

Results of Cross‑lagged Analysis of EF and ADHD

The interaction between inhibition ability and ADHD in 
young children was first examined. In the first step, a linear 
regression analysis was conducted with the ADHD score 
at T1 as the control variable, the inhibition on at T1 as the 
independent variable, and the ADHD at T2 as the dependent 
variable. The results (see Fig. 1) revealed that the inhibi-
tion at T1 significantly predicted the ADHD at T2 (β = 0.12, 

Table 2  EF and ADHD scores 
at Time 1 (T1) and Time 2 (T2)

EF: Executive Function; ADHD: Attention-Deficit Hyperactivity Disorder; M = Mean; SD = Standard 
Deviation

4-years of age group (M/SD) 
n = 103

5-years of age group (M/
SD) n = 136

6-years of age group (M/
SD) n = 137

T1 T2 T1 T2 T1 T2

Inhibition 3.05 (0.79) 2.99(0.86) 2.98(0.72) 3.02(0.82) 2.96(0.65) 2.90(0.84)
Working Memory 2.36(0.80) 2.14(0.69) 2.21(0.65) 2.07(0.74) 2.16(0.67) 2.01(0.71)
Regulation 3.25(0.86) 3.20(1.01) 3.21(0.73) 3.08(0.89) 3.06(0.88) 3.00(1.06)
ADHD 0.79(0.36) 0.77 (0.31) 0.82(0.28) 0.84(0.26) 0.86(0.30) 0.84(0.30)

Table 3  Correlation analysis of 
EF and ADHD at Time 1 (T1) 
and Time 2 (T2)

ADHD: Attention-Deficit Hyperactivity Disorder; ** p<0.01

1 2 3 4 5 6 7 8

T1 Inhibition -
T1 Working memory 0.47** -
T1 Regulation 0.53** 0.46** -
T1 ADHD 0.35** 0.22** 0.26** -
T2 Inhibition 0.44** 0.28** 0.30** 0.26** -
T2 Working memory 0.21** 0.46** 0.26** 0.14** 0.54** -
T2 Regulation 0.27** 0.32** 0.43** 0.15** 0.58** 0.60** -
T2 ADHD 0.24** 0.15** 0.11* 0.38** 0.34** 0.24** 0.19** -
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p < 0.05). In the second step, a linear regression analysis 
was conducted with the inhibition at T1 as the control vari-
able, the ADHD at T1as the independent variable, and the 
inhibition at T2 as the dependent variable. It was found that 
the ADHD at T1 significantly predicted the inhibition at T2 
(β = 0.12, p < 0.05).

The results of the cross-lagged analysis of the interac-
tions between working memory and regulation ability and 
ADHD according to the above two-step linear regression 
analysis are shown in Figs. 2 and 3, respectively, and it 
was found that the inter-predictive relationships between 

working memory and regulation ability and ADHD were 
both non-significant, ps > 0.05.

Discussion

Stability and Developmental Course of EF and ADHD 
in Young Children

Over the eight-month study interval, the participants 
showed some stability in their regulation and inhibition 
abilities. However, variability in their working memories, 

Fig. 1  Cross-lagged analysis of 
inhibition and ADHD

0.12*

0.34***

0.35** 0.34**

0.40***

0.12*

T1 Inhibition T2 Inhibition

T1 ADHD T2 ADHD

Fig. 2  Cross-lagged analysis of 
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which gradually improved over time, was reported. This 
pattern may be related to the rate at which EF compo-
nents develop. Indeed, a previous study on EF develop-
ment in young children found a linear developmental trend 
in working memory from 4 to 14 years of age (Best & 
Miller, 2010). In other words, children’s working memo-
ries continuously develop over time, which is consistent 
with the current results; as the working memory capacity 
improves over time, problems in working memory become 
less frequent.

In contrast with the current results, the same previ-
ous study reported that early childhood was a period of 
rapid EF development, both for regulation and inhibition 
(Best & Miller, 2010). However, this discrepancy may be 
related to different measurement methods and contents. 
First, in terms of measurement methods, the questionnaire 
approach used in this study focused more on the com-
prehensive performance of EF in complex real-life situa-
tions. In contrast, previous research has mainly used task-
operated laboratory tests that focused more on the highest 
performance of EF in optimal situations (Silver, 2014). 
Second, while previous experimental studies measured 
developmental indicators of executive function, the ques-
tionnaire used in this study focused on symptom indicators 
of executive function problems (Thorell & Nyberg, 2008). 
In this regard, developmental and symptomatology indica-
tors should belong to different dimensions of EF. As such, 
the current results do not suggest that the regulation and 
inhibitory abilities of participants did not develop over 
the eight months. Rather, they most likely indicate that 
the symptoms of both types of EF problems in young chil-
dren remain stable over time. These findings also remind 
us that EF development and symptoms in young children 
are separate factors requiring different treatments when 
studying EF.

Both the significant correlation in ADHD between T1 
and T2 and the absence of significant differences in meas-
urement time based on the ANOVA results suggest that 
ADHD was relatively stable over the eight-month study 
period. It did not fluctuate excessively over time. This may 
reflect the stability of the symptoms, i.e., they remain con-
stant over a period of time. However, this study also used 
a parental perception questionnaire rather than a clinical 
diagnostic questionnaire. While specific questions in the 
ADHD dimension of the Strengths and Difficulties Ques-
tionnaire are consistent with the diagnostic criteria of the 
ICD-10 and DSM-IV (Xu et al., 2019), non-professional 
parents are more likely to equate these symptoms with 
developmental immaturity. Therefore, they tend to ignore 
or remain unaware of specific indicators. Thus, they may 
not detect ADHD in their young children until they reach 
school age, at which time abnormalities in learning and 
other areas will appear but are not clinically diagnosed 

until a later time. This result suggests that ADHD symp-
toms are very subtle in preschool years, and thus over-
looked by many parents. The current results also suggest 
that we can increase awareness and knowledge about 
ADHD symptoms in young children from the clinical and 
scientific perspectives. This information will help parents 
in the daily identification of these symptoms, therefore 
increasing the potential for early intervention.

Interactions Between EF and ADHD in Young 
Children

This study reported an interaction between inhibitory ability 
and ADHD. More inhibitory ability problems at T1 were 
associated with more severe ADHD symptoms at T2, just as 
more severe ADHD symptoms at T1 were associated with 
more inhibitory ability problems at T2. Previous studies 
on the differences in inhibition abilities between children 
with ADHD and controls also showed a strong connection 
between these two factors (Wen & Chen, 2016). First, many 
studies have pointed out that young children’s inhibitory 
abilities predict the subsequent emergence of ADHD (Berlin 
et al., 2004; Brocki et al., 2007). Meanwhile, the EF defi-
cit model also considers inhibition deficits a core deficit in 
ADHD (Barkley, 1997). Considering that inhibition is the 
foundation of cognitive functioning in young children (Ber-
lin et al., 2004; Brocki et al., 2010; Espy & Bull, 2005), they 
must successfully develop this ability to accomplish complex 
tasks that require the purposeful control of irrelevant targets. 
In cases of impaired inhibition, young children will show 
worse cognitive outcomes, as they cannot inhibit irrelevant 
activities that limit their focus on target tasks. Therefore, 
in the long-term context, ADHD symptoms such as atten-
tion deficits will occur. Second, young children who develop 
ADHD symptoms and cannot focus their attention on target 
tasks will also have problems developing their inhibitory 
abilities. Studies on neurophysiological mechanisms in chil-
dren with ADHD have found delays and abnormalities in 
their brain development associated with impaired inhibitory 
abilities (Krain & Castellanos, 2006). In cases where these 
delays and abnormalities exist, children with ADHD cannot 
successfully develop their inhibitory abilities and instead 
exhibit lower levels of inhibition.

We did not find an interaction between working memory, 
regulatory ability, and ADHD. This finding is consistent 
with Schoemaker et al. (2012). Moreover, working mem-
ory deficits in school-aged children are strongly associated 
with ADHD (Brocki & Bohlin, 2006; Willcutt et al., 2005). 
Regarding the lack of a relationship between working mem-
ory, regulatory ability, and ADHD, although young chil-
dren experience rapid EF development, they still have lower 
developmental levels for working memory and regulatory 
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ability, which are complex components of EF (Tu & Yang, 
2018), and have therefore not yet failed to show differences 
in the relationship with ADHD. Furthermore, various theo-
retical (Diamond et al., 2007) and empirical studies (Berlin 
et al., 2004; Brocki et al., 2010; Espy & Bull, 2005) have 
suggested that more basic EF processes (e.g., inhibition) 
underlie the development of more complex EF components. 
Therefore, reinforced inhibitory deficits with increased age 
will directly impede the normal development of the work-
ing memory and regulation, and the impairment of these 
abilities leads to individuals exhibiting ADHD symptoms 
upon reaching school age. However, continued research is 
needed to verify the developmental dependence of the EF 
components.

Implications and Limitations

This study found that EF problems and ADHD symptoms 
were relatively stable in a sample of young children. Execu-
tive dysfunction and ADHD symptoms remained at a fixed 
level, with an interaction between inhibition and ADHD. 
In this context, impaired inhibition affects the subsequent 
emergence of ADHD, the symptoms of which exacerbate 
inhibition difficulties in early childhood. Thus, an urgent 
need exists to design trainning to help parents and teach-
ers screen particular groups of young children for inhibition 
difficulties or ADHD symptoms early in life. Such trainning 
would facilitate interventions to mitigate the emergence or 
exacerbation of other cognitive impairments. Early iden-
tification and corrective treatments must be implemented 
promptly to ensure positive development in young children.

Although we found an interaction between inhibition and 
ADHD in young children, the association between working 
memory, regulation, and ADHD is more likely to emerge 
in school age. Therefore, it is essential to state the limita-
tions of this study. First, we used questionnaires to collect 
data. Some researchers have suggested that different data 
collection methods affect the relationships between variables 
(Tu et al., 2021). Future studies should integrate multiple 
methods (e.g., questionnaires and experiments) to synthe-
size and verify the relationships between factors. Second, we 
only investigated two specific periods with an eight-month 
interval, which did not cover critical changes in participants’ 
EF development. Therefore, future studies should track the 
development of cognitive functions in young children over a 
more extended period to illustrate better the developmental 
change patterns of cognition. Finally, we only selected a 
normal group. We explored the relationship between sub-
clinical manifestations of ADHD and EF problems in young 
children, failing to cover children with a clinical diagnosis of 
ADHD. Our study could not clarify the relationship between 
ADHD on a continuum from subclinical to clinical and EF, 
which requires further research in the future.
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