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Inhibitory control is central to developmental trajectories of cognitive, emotional and social 
functioning in children. Here, inhibitory control was measured using the Luria hand clap task 
(an adapted version of the Luria pencil tap task). A sample of 5,448 children age 4½ years 
and their mothers from a longitudinal, population-based New Zealand cohort were included 
in this study. Antenatal maternal health indictors, child characteristics and performance on 
the Luria hand clap task were assessed using multivariate ordinal logistic regression. Seven 
covariates, including mother’s ethnicity and education, and child’s gender, age and birthweight 
were included. Based on Luria task performance scores that approximated the 25th and 50th 
percentiles, children were categorised into three groups (low, intermediate, high). High Luria 
task performance was associated with maternal relationship status, maternal education, first 
trimester folate supplementation, maternal BMI and smoking before pregnancy. In addition, 
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children born heavier, and female, and older children were more likely to be in the top Luria 
score category relative to children born smaller, male and younger. A number of potentially 
modifiable maternal factors significantly predict Luria task performance in children age 4½ 
years. Identifying socio-demographic, child characteristics and maternal factors that are 
associated with inhibitory control is a crucial first step for identifying children at risk of 
atypical inhibition development and informing behavioural intervention strategies.
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Key messages
•  Inhibitory control is central to cognitive and socio-emotional development.
•  The Luria hand clap task is freely available, informative and easy-to-use in the field with 

preschool children.
•  5448 child members of a longitudinal, New Zealand birth cohort performed the task.
•  Poorer performance was associated with behaviours during pregnancy, including 

smoking, alcohol use and neglecting folate.
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Introduction

Inhibitory control (a core executive function; Miyake et al, 2000) – the ability 
to override an automatic or established predisposition and instead make a more 
appropriate response (Diamond, 2013), is central to developmental trajectories of 
cognitive, emotional and social functioning in children (Carlson and Moses, 2001). 
Differences in children’s ability to inhibit a prepotent response are associated with 
their early school achievement (Bull and Scerif, 2001; Espy et al, 2004; McClelland 
et al, 2007), reading and mathematics proficiency (Blair and Razza, 2007, for 
example), cooperative and non-cooperative behaviour (Ciairano et al, 2007) and 
social-emotional competence (Carlson et al, 2004; Hughes and Ensor, 2011; Moffitt 
et al, 2011). Indeed, deficits in inhibitory control across development are linked to 
a diverse array of conditions including attention hyperactivity disorder (Barkley, 
1997), mood disorders (Bufferd et al, 2014; Caspi et al, 1996) behavioural problems 
(Rhoades et al, 2009) and peer difficulties (Marton et al, 2009).

Research on inhibitory control has focused on the development of response 
inhibition in infancy and preschool children (Garon et al, 2008; Best and Miller, 
2010). During these periods, inhibitory control has been shown to be influenced 
by an array of factors. These include: ethnicity (Moilanen et al, 2010; Barnes et al, 
2016); socio-economic status (Lipina et al, 2013); maternal characteristics (such as 
education; Bernier et al, 2010; Hammond et al, 2012, Kraybill and Bell, 2013); and 
both parental (Kochanska et al, 2000; Colman et al, 2006; Blair et al, 2011) and 
preschool environments (Vandell et al, 2010).
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Increasing research suggests that children’s cognitive abilities, including 
inhibitory control, are associated with maternal factors. According to the foetal 
programming hypothesis, prenatal factors are thought to have a programming 
effect on the development of the cerebral structures and processes of the foetus 
(Van den Bergh et al, 2005; Bale et al, 2010); this is believed to have long-term 
consequences for children’s cognitive development (Van den Bergh et al, 2005; Bale 
et al, 2010). In support, prenatal factors such as smoking (Key et al, 2007; Holz et 
al, 2014), micronutrient intake (such as folate intake; Christian et al, 2010), and 
obesity (Van Lieshout, 2013; Mina et al, 2017) have been shown to predict global 
cognitive functioning as well as inhibitory control. Further, perinatal events such as 
complications at birth (Beaver and Wright, 2005) and children born low birthweight 
and preterm (Böhm et al, 2004; Aarnoudse-Moens et al, 2013; Duvall et al, 2015) 
have been associated with deficits in inhibitory control in school age and preschool 
children, respectively.

Although advances have been made in understanding the development of inhibitory 
control during early childhood, evidence of the impact of maternal health factors 
on its development remains scarce. Understanding maternal health factors that shape 
inhibitory control is important because the ability to control responses emerges 
by late infancy (Zelazo et al, 2008; Best and Miller, 2010), and identifying factors 
that promote or undermine its development could inform early prevention and 
intervention efforts for children at risk of cognitive dysfunction.

Choosing appropriate tasks to measure executive function in young children is 
challenging because the preschool years are characterised by variability in executive 
and non-executive functioning (Wiebe et al, 2011). Rapid change in executive 
functions occurs in the preschool years and, for different elements, increases in 
competency occur at somewhat different ages (Best and Miller, 2010). Thus, 
examination of inhibitory control in a broad preschool age range may help to 
inform the developmental trajectory of inhibitory control. Another challenge 
in task choice is that the level of complexity of task rules and responses must be 
tailored to cognitive abilities expected to have been mastered by preschool children 
from all backgrounds (Wiebe et al, 2011). A further challenge for those involved 
in large cohort samples from diverse socio-demographic backgrounds is finding 
an appropriate and freely available task that can be easily administered in the field. 
Thus, in the present study, we used the Luria hand clap task specifically, to provide 
evidence that this task is a quick and informative test of inhibitory control that can 
be used in the field in large samples.

The Luria hand clap task is an adaptation of the Luria pencil tap task, selected 
from the Luria-Nebraska Neuropsychological Battery (Golden et al, 1979: 1981). 
The Luria pencil tap task has been used in other longitudinal studies of children (for 
example, the Universal Preschool Child Outcomes longitudinal study, N = 1,000) 
and is part of the Pre School Self-Regulation Assessment (PSRA; Smith-Donald 
et al, 2007) used to assess school readiness such as, the Chicago School Readiness 
Project. The Luria task has been shown to be more sensitive to individual differences 
in inhibitory control in populations that include disadvantaged preschool children 
(Rhoades et al, 2009) and is a robust predictor of child behaviours (Rhoades et al, 
2009; Watson and Bell, 2013). Our modification consisted of clapping the hands 
rather than using a pencil for the response.
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The aim of our study was to identify the socio-demographic, child characteristics 
and maternal health factors that are associated with inhibitory control in children at age 
4½ years. In the preschool years, developmental trajectories of executive functions such 
as inhibitory control are characterised by variability. Thus, considering factors both 
before and after birth concurrently will help enrich our understanding of different 
developmental trajectories. We predict that the strongest correlates of inhibitory 
control will include maternal health indicators such as obesity, micronutrient intake 
and smoking, and birth issues such as preterm labour.

Methods

Participants and general procedure

This study was completed within New Zealand’s birth cohort study, Growing Up in 
New Zealand (GUiNZ); a longitudinal, multidisciplinary study designed to explore the 
correlates of child developmental trajectories (Morton et al, 2015). GUiNZ enrolled 
6,822 women during pregnancy, resulting in a cohort of 6,853 infants (Morton et 
al, 2013). To be eligible, pregnant women had to be a resident within a geographical 
area where about one third of the New Zealand population lives, covered by three 
contiguous District Health Board regions, and to have an estimated delivery date 
between 25 April 2009 and 25 March 2010 (Morton et al, 2013). Only one child 
from a multiple birth was included in the current study. Randomisation was used to 
select children from multiple births to include in the study.

The GUiNZ child cohort is demographically and ethnically diverse and aligns 
with the national birth cohort over the period of 2007–10 (Morton et al, 2015). 
Ethical approval was obtained from the Ministry of Health Northern Y Regional 
Ethics Committee. Written informed consent was obtained from all participating 
women for their own and their children’s participation in the study. In brief, 
GUiNZ is a longitudinal cohort study designed to recruit a cohort of children from 
before their birth so that evidence on their developmental trajectories over time 
would be broadly generalisable to the current population of New Zealand births. 
All pregnant women living in three District Health Board areas with an estimated 
delivery date as stated were eligible to be recruited. Recruitment strategies included 
referrals from lead maternity carers and distribution of information about the 
study by community organisations and media. A total of 6,822 (66%) mothers 
consented to their children participating in GUiNZ for 21 years. Major data 
collection waves (DCWs) occurred during the antenatal period, and when the 
child was aged 9 months, 2 years and 54 months. Each DCW seeks information 
across six interconnected domains: family and whanau (extended family), societal 
context and neighbourhoods, education, health and well-being, psychological 
and cognitive development, and culture and identity. Each cross-sectional DCW 
is planned according to a balance of age-appropriate information from all the 
interconnected domains (see Morton et al 2013, 2014 ). The analysis reported here 
used data collected via computer-assisted personal interviews with the pregnant 
mother, administered antenatally (variables describing maternal demographics, 
health status, use of supplements, smoking and pregnancy history), and data 
collected from the 54-month DCW that involved direct observation of the child 
on the Luria (1973, 1980) hand clap task.
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A total of 5,839 children completed the 54-month DWC, approximately 80% of 
the original GUiNZ sample. Of these 5,839, 5,446 (93%) completed the Luria (1980) 
hand clap task. Findings from item level missing analysis of the Luria task (Little’s 
MCAR test; χ2 = 4.99 

(16)
, p = .996) suggest that within the sample who completed 

the task, the data is missing at random. Compared to children who completed the 
Luria task, those excluded from the longitudinal analyses were significantly: more 
likely to be Māori or Pacific; younger; born to mothers who were: less likely to have 
a degree; more likely to be unemployed during pregnancy; more likely to be in a high 
deprivation index group; and less likely to be cohabiting or married. Nonetheless, 
participants included in the longitudinal analyses were similar to New  Zealand 
national birth data in terms of maternal age and were sufficiently ethnically and 
socio-economically diverse to allow for meaningful analyses.

Measures

Luria hand clap task

The Luria hand clap task is an adapted version of the Luria pencil tap task. The 
task is a reverse imitation task in which children have to perform the opposite of an 
action modelled by the experimenter. The task requires the child to avoid executing 
a primed response, so it requires inhibition of a manual response, while keeping in 
mind second rule (for example, to clap once, when the experimenter claps twice).

The Luria task was conducted as follows. First the researcher demonstrated the hand 
clapping task and explained the task to the child: “Now for this game, when I clap 
one time, you clap two times. And when I clap two times, you clap one time, OK? 
Let’s try.” Up to six teaching trials were completed. The researcher could stop the 
teaching trials and move on to the test trials once the child had responded correctly 
on three trials in a row, and as long as at least one of the teaching trials required 
the child to clap once as the correct response, and at least one of the teaching trials 
required the child to clap twice as the correct response.

The feedback given to the child during the teaching trials about incorrect and correct 
responses was as follows: (1) Correct – “Very good, you did it just right. Let’s try again.” 
(2) Incorrect (too many or not enough claps) – “Almost, but that’s not quite right. 
When I clap (one/two) time(s), you should clap (two/one) times(s). Let’s try again. I 
clap (one/two) time(s),” (clap and show fingers) “so you clap…” The researcher then 
waited for the child to clap. If the child responded correctly the feedback for the correct 
response was given. If the child responded incorrectly, the researcher responded, “Like 
this” and took the child’s hands and helped them clap the correct number of times.

Following the teaching trials, the researcher said to the child “OK, now we’re going 
to do it a lot of times. Remember, when I clap one time, you clap two times; and 
when I clap two times, you clap one time” while demonstrating clapping. During 
the test trials, no feedback was given and incorrect trial responses were not corrected. 
Correct self-corrected trials were accepted.

Children received one point for each correctly executed action in the 16 Luria 
hand clap test trials. The total number of correct responses across 16 test trials was 
recorded, with a minimum score 0 and maximum score 16. This is a standardised 
scoring technique for the task (see Bialystok et al, 2010). The Luria scale demonstrated 
good reliability in this study (Cronbach’s alpha = .87).
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In this study, 93% of children completed the Luria task. Children that did not 
complete the task either were asleep/unwell or not in the house at the time of testing 
(1%), had a disability, developmental delay or physical injury at the time of testing 
(1%) or refused (5%). Of those children that engaged in the Luria task, 87.3% focused 
on the task either most or all of the time during the test period, 7.7% focused on 
the task some of the time and 5% rarely focused on the task.

The distribution of scores from Luria’s hand clap task was strongly negatively skewed 
and dispersion ranged from 0 to 16 points. Attempts at logarithmic data transformation 
did not improve the distribution. As noted, the overarching objective of this study 
was to determine if maternal, child and/or socio-demographic factors can predict 
performance on a simple-to-use task known to measure inhibitory control, with the 
view that findings may help identify children in need of early intervention. As such, 
based on scores that approximated the 25th and 50th percentiles, we grouped the 
children into three groups (low, intermediate, high). Luria scores between zero and 
eight were considered low (n = 1,473), scores between 9 and 13 were considered 
intermediate (n = 1,387) and scores from 14 to 16 were considered high (n = 2,588). 
Here we use the terms ‘Luria task performance’ and inhibitory control interchangeably.

Convergent validity

In line with evidence that inhibitory control is associated with childhood behavioural 
problems (Schoemaker et al, 2013), the results of Pearson correlation showed 
that higher scores on the Luria task were significantly associated with lower total 
behavioural difficulties scores on the SDQ (r = −.21, p <  .01). These findings 
provide initial evidence of convergent validity between performance on the Luria 
task and the SDQ.

Socio-demographic variables

Socio-demographic variables collected by self-report during the antenatal interview 
included maternal age grouped, relationship status (no relationship, dating but not 
cohabiting, cohabiting, married or civil union), socio-economic deprivation index 
across areas of New Zealand (low, medium, high), educational qualifications (no 
secondary school, secondary, school/diploma/trade certificate, bachelor’s degree 
or higher), parity (first or subsequent born) and ethnicity. Ethnicity was defined 
as the mother’s self-prioritised ethnicity, coded into five levels using Statistics New 
Zealand categories (Statistics New Zealand, 2005): European, Māori (New Zealand’s 
indigenous population), Pacific Peoples, Asian, and Other (including Middle Eastern, 
Latin American and African).

Maternal health

Information related to prenatal maternal health was obtained during the antenatal 
DCW. Maternal pre-pregnancy BMI was calculated using self-reported height 
and pre-pregnancy weight and categorised into underweight (< 18.5 kg/m2) and 
healthy (18 kg/m2 to < 25 kg/m2), and overweight/obese (> 25 kg/m2) (World 
Health Organization, 2007). Antenatal depression was measured using the Edinburgh 
Postnatal Depression Scale (EPDS) (Cox et al, 1987); a scale that has also been validated 
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for use in pregnancy (Banti et al, 2011; Korhonen et al, 2012). The scale ranges 
from 0 to 30, with women who scored 13 or greater categorised as having clinically 
significant depressive symptoms (Waldie et al, 2015). Participants were categorised 
as depressed or not depressed based on the clinical cut-off score. Perceived general 
health before pregnancy was measured using a five-point Likert scale from excellent 
to poor from the SF-36 general health questionnaire (Ware et al, 1994).

At the antenatal DWC, smoking behaviour (categorised as never smoked, persistent 
smoking and quit smoking) was assessed with two items that asked mothers whether 
they smoked regularly (daily) before and during pregnancy. Items were rated on a 
yes/no response scale. Participants were also asked to answer yes or no as to whether 
anyone in the same room as them currently regularly smoked. Three items assessed 
participant’s folate intake before pregnancy, during the first trimester and after the first 
trimester. Items were rated on a yes/no response scale. The antenatal questionnaire 
asked mothers about the frequency of their alcohol intake (did not drink alcohol, 
three drinks or less, four or more drinks) before and during pregnancy. Participants 
were also asked whether they had a diagnosis of an anxiety disorder (categorised 
into never, before but not during this pregnancy, before and during this pregnancy, 
and during this pregnancy only); and whether or not the pregnancy was planned.

Child age at 54 months (4½ years)

Children ranged in age from 4.0 years to 5.7 years at the time of data collection. To 
control for the potentially confounding effects of child age on performance of the 
Luria hand clap task, child age in years at the 54-month data collection wave was 
included as a covariate.

Strength and Difficulties Questionnaire (SDQ)

The English (UK) preschool version of the parent-report SDQ (Goodman, 1997) was 
used in this study. The questionnaire consists of five subscales, each measured by five 
items, which cover emotional symptoms, peer problems, hyperactivity-inattention, 
conduct problems and prosocial behaviour. Items are rated on a three-point Likert scale 
as either not true, somewhat true or certainly true. The total difficulties score is a sum of 
the difficulties subscales and ranges from 0 to 40. Higher scores reflect greater difficulties.

Data analysis

Theory and prior research (for example, Bernier et al, 2010; Cabrera et al, 2011; 
McGarel et al, 2015; Waldie et al, 2015) have identified that a plethora of maternal 
factors, including those assessed in this study, are among the strongest predictors 
of child outcomes. Thus, in order to determine which potential covariates and 
predictors would be entered into the final (main) regression model, we conducted 
the analyses in two stages.

At the first stage, Chi square tests were used to determine univariable associations 
between Luria task performance and categorical variables. Variables with significant 
univariable associations with Luria task performance (at p < .01) were entered into 
a multivariate ordinal logistic regression. At the second stage, a multivariate ordinal 
logistic regression was conducted (with alpha set at p <  .05). Ordered predictor 
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variables with greater than two categories were treated in the multivariate ordinal 
logistic regression in a similar manner to those that were continuous. For these 
variables, for each increase in category level participants were more likely to be in a 
higher Luria task performance group.

Preliminary assessment of multicollinearity, using the phi coefficient (Φ), revealed 
that deprivation index and ethnicity were highly correlated (Φ > = .52; Fleiss et al, 
2013). A sensitivity analysis was conducted to determine whether the exclusion of 
the deprivation and ethnicity variables individually resulted in a significant change 
in the final model. We choose to include ethnicity because recent evidence has 
indicated that different exposure to perinatal factors across ethnicities are related to 
self-regulatory abilities over and above socio-economic status (Barnes et al, 2016). 
All analyses were carried out using version 25.0 IBM SPSS Statistics. The default 
method (listwise deletion) in SPSS used for regression was the method of handling 
missing data. The analytic sample for regression analysis was N = 4,309.

Results

Table  1 presents the chi square test results indicating the association of socio-
demographic factors and child characteristics with inhibitory control. Table  2 
presents the chi square test results indicating the association of maternal health with 
inhibitory control.

At the univariable level, all socio-demographic variables (age, ethnicity, education 
and relationship status) except rurality were significantly associated with Luria task 
performance. All child characteristics were significantly associated with task performance 
(child gender, age, birthweight). Results of the Eta correlation indicated that children’s 
age and performance on the Luria task were positively associated η 2 (5,448) = .25. 
Almost all maternal characteristics (except anxiety, parity, alcohol during the first 
trimester) were significant: general health before pregnancy; whether the pregnancy 
was planned; mothers’ smoking history; whether others smoked in the house; folate 
taken pre-, during and after the first trimester of pregnancy, pre-pregnancy; depression; 
BMI and alcohol consumed after the first trimester. As such, the main model included 
seven socio-demographic covariates and ten maternal health factors.

Table  3 presents the results from the multivariate ordinal logistic regression. 
Mothers education (p < .001), relationships status (p < .001), pre-pregnancy BMI 
(p < .001), folate intake in the first trimester (p < .01) and non-smoking mothers 
(p = .04) were all significant predictors of inhibitory control. Specifically, for each 
increase in mothers’ education level, children were almost one and a quarter times 
more likely to be in the higher Luria score group than those of mothers with lower 
education (OR = 1.24, p <  .001). Similarly, for each increase by their mothers 
towards a formal relationship (for instance, married or civil union) children were 
more likely to be in the higher Luria score group than those of mothers in less formal 
relationships (OR = 1.17, p < .001). Children of mothers with lower pre-pregnancy 
BMI were almost one and a quarter times more likely to be in a higher Luria score 
group than those of mothers who were overweight or obese (OR = 1.23, p < .001). 
Likewise, children of mothers who were non-smokers before and during pregnancy 
were one and a quarter times more likely to have a child in the higher Luria score 
group than those of mothers who quit smoking during pregnancy (OR = 1.25, 
p = 04). Compared to children of mothers who did not take folate in the first 
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trimester of pregnancy, those whose mothers took it were over one and a quarter 
times more likely to be in the higher Luria score group (OR = 1.28, p < .01).

In terms of child characteristics, the following were significantly associated with 
task performance. Compared with boys, girls were more likely to be in the higher 
Luria score group (OR = 1.39, p < .001). Similarly, children with higher birthweight 
were over one and a quarter times more likely to be in the higher Luria score group 
than those of lower birthweight (OR = 1.28, p < .001). Further, children of a given 

Table 1: Frequency distributions and chi square test results for socio-demographic 
variables and child characteristics as a function of low, intermediate and high Luria 
task performance

Luria Task Performance Pearson χ2
Low Intermediate High

n (%) n (%) n (%)
Mother’s age (N = 5,375)       19.70*** 

 < 20 years 73 (33.3) 63 (28.8) 83 (37.9)  

 20–29 years 562 (28.5) 515 (26.2) 892 (45.3)  

 ≥ 30 years 810 (25.4) 789 (24.8) 1,588 (49.8)  

Ethnicity (N = 5,358)       134.94*** 

 European 725 (23.0) 853 (27.1) 1,571 (49.9)  

 Māori 219 (31.8) 176 (25.6) 293 (42.6)  

 Pacific 279 (42.1) 157 (23.7) 227 (34.2)  

 Asian 167 (24.2) 143 (20.7) 381 (55.1)  

 Other 47 (28.1) 35 (21.0) 85 (50.9)  

Education (N = 5,362)       89.72*** 

 No secondary school 
qualification

106 (33.3) 79 (24.8) 133 (41.8)  

 Secondary school 
qualification diploma/trade 
certificate

873 (30.8) 739 (26.1) 1,221 (43.1)  

 Bachelor’s or higher 
degree

459 (20.8) 546 (24.7) 1,206 (54.5)  

Relationship Status (N = 4,929)       56.29*** 

 Single 94 (39.2) 55 (22.9) 91 (37.9)  

 Dating, not cohabiting 60 (34.9) 47 (27.3) 65 (37.8)  

 Cohabiting 410 (30.0) 370 (27.1) 587 (42.9)  

 Married or civil union 754 (23.9) 795 (25.2) 1,601 (50.8)  

Child gender (N = 5,376)       38.04*** 

 Boy 820 (29.9) 720 (26.3) 1,202 (43.8)  

 Girl 625 (23.7) 647 (24.6) 1,362 (51.7)  

Birthweight (N = 5,373)       30.67*** 

 Low 93 (42.5) 53 (24.2) 73 (33.3)  

 Appropriate 1,109 (26.2) 1,080 (25.5) 2,041 (48.3)  

 High 243 (26.3) 232 (25.1) 449 (48.6)  

Rurality (N = 5,446)       0.38

 Urban 1,367 (27.1) 1,271 (25.2) 2,399 (47.6)  

 Rural 106 (25.9) 116 (28.4) 187 (45.7)  

Note: *p < .05. **p < .01 ***p < .001.
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Table 2: Frequency distributions of inhibitory control status and chi square test results 
for maternal health variables

Luria Task Performance Pearson χ2
Low Intermediate High

n (%) n (%) n (%)
General health before  
pregnancy (N = 5,446)

    17.13*** 

 Poor to fair 173 (34.2) 130 (25.7) 203 (40.1)  

 Good to excellent 1,295 (26.3) 1,252 (25.4) 2,381 (48.3)  

Self-reported anxiety  
diagnosis (N = 5,446)

    7.6

 Never 1,305 (88.9) 1,234 (89.2) 2,311 (89.5)  

 Before pregnancy, not during 99 (24.9) 104 (26.1) 195 (49.0)  

 Before and during  
pregnancy

54 (36.2) 35 (23.5) 60 (40.3)  

 Only this pregnancy 10 (27.0) 10 (27.0) 17 (45.9)  

Pre-pregnancy BMI  
(N = 4,775)

      22.36*** 

 Underweight/healthy 655 (23.2) 716 (25.4) 1,452 (51.4)  

 Overweight/Obese 565 (28.9) 493 (25.3) 894 (45.8)  

Depression (N = 4,877)       18.55*** 

 Not depressed 1,106 (25.6) 1,123 (26.0) 2,089 (48.4)  

 Depressed 191 (34.2) 129 (23.1) 239 (42.8)  

Planned pregnancy  
(N = 5,351)

      32.92*** 

 Yes 809 (24.1) 882 (26.3) 1,661 (49.6)  

 No 626 (31.3) 479 (24.0) 894 (44.7)  

Parity (N = 5,368)       4.1

 First born 618 (27.5) 593 (26.4) 1,036 (46.1)  

 Subsequent 824 (26.4) 771 (24.7) 1,526 (48.9)  

Smoking pre or during  
pregnancy

      67.41*** 

(N = 4,929)        

 No Smoking 982 (24.6) 1,024 (25.6) 1,994 (49.9)  

 Persistent smoking 179 (39.5) 113 (24.9) 161 (35.5)  

 Quit smoking pre or during 
pregnancy

156 (32.8) 133 (27.9) 187 (36.3)  

Other smoker in same room       21.36*** 

During pregnancy  
(N = 4,876)

       

 No exposure 1,181 (25.8) 1,181 (25.8) 2,207 (48.3)  

 Some exposure 116 (37.8) 71 (23.1) 120 (39.1)  

Alcohol during first trimester  
(N = 5,359)

    6.0

 Did not drink 1,106 (26.7) 1,045 (25.2) 1,999 (48.2)  

 3 drinks or less 221 (25.8) 234 (27.3) 403 (47.0)  

 4+ drinks 111 (31.6) 83 (23.6) 157 (44.7)  
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age at time of testing were just over two and a half times more likely to be in the 
higher Luria score group than those who were a year younger (OR = 2.52, p < .001).

Discussion

The objective of this study was to explore the associations between socio-
demographic, child characteristics and maternal factors and inhibitory control in 
our cohort of preschool-aged children. Our findings show that the odds of a child 
performing better on the Luria task was increased for children of mothers with 
higher education, in married or civil union relationships, who were underweight 
or of normal weight before pregnancy, and who took folate in the first trimester of 
pregnancy. Scores were higher for children born female, at a higher birthweight and 
older at the time of task performance. The odds of lower scores were increased for 
children of mothers who regularly smoked before pregnancy.

Together, these findings are consistent with increasing evidence of the influence 
of maternal and child characteristics on cognitive function in early childhood (for 
example, Allan et al, 2008; Bale et al, 2010). Although cognitive functions such 
as inhibition, working memory and task switching are interrelated, they can be 
separately identified (Miyake et al, 2000), and show differences in their developmental 
trajectories (Anderson, 2002; Lee et al, 2013). Accordingly, individual cognitive 
functions may be differentially impacted by maternal and child characteristics and 
thus warrant independent study.

Evidence suggests that folic acid / folate supplementation is significantly associated 
with executive functioning and inhibitory control in children (Benton, 2008, Christian 
et al, 2010; McGarel et al, 2015). Similarly, we found that children of mothers who 
did not take folic acid / folate supplements during the first trimester of pregnancy 

Luria Task Performance Pearson χ2
Low Intermediate High

n (%) n (%) n (%)
Alcohol after first trimester  
(N = 5,365)

    17.55** 

 Did not drink 1,264 (27.4) 1,175 (25.4) 2,181 (47.2)  

 3 drinks or less 157 (22.3) 182 (25.8) 366 (51.9)  

 4+ drinks 19 (47.5) 7 (17.5) 14 (35.0)  

Folate taken before  
pregnancy (N = 4,873)

    41.72*** 

 Yes 455 (22.1) 532 (25.8) 1,073 (52.1)  

 No 842 (29.9) 718 (25.5) 1,253 (44.5)  

Folate taken first trimester  
(N = 4,874)

    77.48*** 

 Yes 968 (24.1) 1,048 (26.1) 2,005 (49.9)  

 No 328 (38.5) 202 (23.7) 323 (37.9)  

Folate taken after first  
trimester (N = 4,874)

    18.28*** 

 Yes 678 (24.3) 734 (26.3) 1,381 (49.4)  

 No 618 (29.7) 516 (24.8) 945 (45.5)  

Note: *p < .05. **p < .01 ***p < .001.

Table 2: Continued
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Table 3: Multivariate ordinal regression evaluating the association between Luria task 
performance and socio-demographic, maternal health variables and child characteristics
Variable Wald χ2 OR 95% CI

Mother age 2.17 0.92 0.82–1.03

Ethnicity 0.11 1.01 0.96–1.06

Mother education 12.99*** 1.24 1.10–1.38

Relationship status 12.25*** 1.17 1.07–1.29

Pre-pregnancy BMI    

 Underweight/normal 11.57*** 1.23 1.09–1.39

 Overweight/obese    

Pregnancy planned    

 Yes 3.76+ 0.86 0.75–1.00

 No    

General health before pregnancy    

 Poor to fair 0.27 0.94 0.76–1.17

 Good to excellent    

Depression    

 Not depressed 1.58 1.13 0.94–1.36

 Depressed    

Smoking before/during pregnancy    

 Non-smoker 4.22* 1.25 1.01–1.53

 Persistent smoker 0.89 0.87 0.66–1.16

 Quit smoking    

Other smoker in same room during pregnancy    

 No exposure 0.68 1.12 0.85–1.48

 Some exposure    

Folate taken before pregnancy    

 No    

 Yes 3.42+ 1.14 0.99–1.31

Folate taken first trimester    

 Yes 6.79** 1.28 1.06–1.54

 No    

Folate taken after first trimester    

 Yes 0.42 0.96 0.85–1.09

 No    

Alcohol after first trimester    

 Did not drink 0.19 0.84 0.38–1.84

 3 drinks or less 0.01 0.95 0.43–2.11

 4+ drinks    

Child gender    

 Girls 30.19*** 1.39 1.24–1.55

 Boys    

Birthweight 13.40*** 1.28 1.12–1.46

Child age (years) 13.21*** 2.52 1.53–4.14

Notes: 2 LL = 8,646.76; Pseudo R2 (Cox & Snell) = .039; (Nagelkerke) = 044; X 2= 172.36 (19), p < .001.  
+ p < .1 *p < .05 **p< .01 ***p < .001.
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had increased odds of their task performance being in a lower Luria score category 
compared to children whose mother took folic acid / folate during pregnancy. While 
the recommended time frame for folic acid / folate intake includes before pregnancy 
(four weeks before) as well as during the first trimester of pregnancy (Stewart, 2006), we 
only found an association between folate intake during the first trimester of pregnancy 
and inhibitory control. Research has shown that a lack of folic acid intake may impact 
neuronal development (Craciunescu et al, 2004; Xiao et al, 2005; Roza et al, 2010). 
Further, folate appears to play a role in epigenetic mechanisms such as DNA methylation 
(Wolff et al, 1998; Nafee et al, 2008; Roza et al, 2010), which is the mechanism 
hypothesised to underlie foetal programming (Burdge and Lillycrop, 2010). Efforts to 
promote increased intake of prenatal folic acid supplements may provide an important 
avenue to improve the developmental trajectory of cognitive function in children.

We found that children of non-smoking mothers were more likely to be in the 
higher Luria score group than children of mothers that quit smoking before or during 
pregnancy. This finding aligns with evidence that in utero exposure to nicotine or 
other smoking by-products has a negative effect on children’s cognitive function (Fried 
et al, 1992a; Huizink and Mulder 2006; Waldie et al, 2014). The negative effects of 
intrauterine exposure to nicotine have been shown to be particularly evident with regard 
to response inhibition, and impulsivity (Fried et al, 1992b; Daseking et al, 2015). The 
results suggests that despite cessation of smoking during pregnancy, exposure to the 
teratogenic effects of smoking in the intrauterine period can disrupt neurodevelopment.

In terms of child characteristics, our finding that Luria task performance of older 
preschool children in our cohort was more likely to be in the higher Luria score group 
aligns with evidence that rapid improvements on executive function tasks have been 
consistently found to occur during the preschool years (for example, Carlson and Moses, 
2001; Zelazo et al, 2003). Further, our girls generally outperformed boys, similar to 
other studies of preschool age children performing response inhibition tasks (Carlson 
and Moses, 2001). Our finding that children born low birthweight (< 2,500 grams) 
were more likely to be in a lower Luria score group adds to evidence of poor inhibitory 
control in pre-schoolers born very low birthweight (< 1,500 grams; Duvall et al, 2015).

A number of our covariates were significantly associated with Luria task performance. 
In line with evidence that maternal education influences children’s cognitive function 
and achievement (for example, Friedman et al, 2007; Parveen and Alam, 2008; Tang 
et al, 2016) we found that inhibitory control was associated with maternal education, 
consistent with evidence linking maternal education to cognitive development in young 
children (Schady, 2011; Aarnoudse-Moens et al, 2013). Further, the odds of better 
task performance were greater for children of mothers in a married or civil union 
relationship. This finding fits with evidence that marital status influences cognitive 
development in children (for example, Bacharach and Baumeister, 1998; Crawford 
et al, 2013; Tartari, 2015). Children born into marriage-like relationships tend to 
achieve better cognitive outcomes, on average, than children born into other types 
of family structures (Kiernan and Mensah, 2010). One hypothesis that has been put 
forth to explain the link between marital status and better cognitive development of 
children is the greater relationship stability of married couples relative to other forms 
of relationships (Crawford et al, 2013; Lee and McLanahan, 2015). Other evidence 
suggests that rather than marriage per se, marital status may be a proxy variable for 
differences in parental income, occupation, social support resources and housing tenure 
(Bacharach and Baumeister, 1998; Crawford et al, 2013).
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The limitations of this study need to be addressed. First, as antenatal data was gathered 
from mothers during late pregnancy, we cannot exclude the possibility of recall bias 
for information pertaining to pre-pregnancy or early pregnancy (such as relationship 
status, folate, self and other smoking during pregnancy). Second, the data was analysed 
using listwise deletion to handle missing data. In large samples, this can be a reasonable 
management strategy. Nonetheless, we acknowledge that multiple imputation may have 
provided a better means to handle the missing data. Further, cases with missing data 
showed a different socio-demographic distribution compared to cases with complete 
data, limiting overall generalisability of our study. Third, we have yet to validate the 
Luria hand clap task against other standardised measures of inhibitory control, and 
there is no normative data available for this task. Using the Luria task only to assess 
inhibitory control may not have fully captured all facets of this construct. Administering 
a standardised measure of inhibitory control would have been preferable to corroborate 
the effects obtained with the hand clapping task. Unfortunately, we had both limited 
time (allowed for each assessment to keep burden low) and funding constraints. We 
also cannot rule out the possibility that our task measures more than inhibitory control 
(for instance, sustained attention, comprehension). Third, because of time limitations 
at each DCW, mothers were not asked about the frequency, duration and dose of their 
folate intake, alcohol consumption, and smoking behaviour. Although the percentage 
of children who did not complete the Luria task was relatively small, those that did 
not complete the task were significantly different from those in the original antenatal 
sampling, suggesting some selection bias.

There are several strengths to the current study. First, our findings attest to the 
utility of the Luria hand clap task as a complex response inhibition task that can 
discriminate preschool children’s performance on the Luria task into higher or lower 
Luria score groups. It is an objective task, rather than relying on parental report 
of inhibitory control, and the difficulty and complexity of the Luria task can be 
altered to accommodate developmental changes in inhibitory control in children 
(Rollins and Riggins, 2016). Second, the findings of this study attest to the utility 
of the Luria task as a short, low-cost and easy-to-administer inhibitory control task 
suitable for assessing young children in home or clinic settings. Third, the use of a 
large, diverse, population-based sample with low attrition rates means that the results 
are broadly generalisable to the New Zealand population. The multidisciplinary 
nature of the GUiNZ study also allows us to evaluate the potential influence of a 
broad range of variables, including maternal health and child characteristics at birth 
while also effectively controlling for several socio-demographic factors. To our 
knowledge, this is the first study to concurrently evaluate a range of maternal, child 
and socio-demographic predictors of Luria task performance in preschool children.

In conclusion, the current findings suggest that the developmental trajectory of 
inhibitory control in children is significantly influenced concurrently by maternal 
and child characteristics. Inhibitory control is a foundational cognitive function that 
is instrumental to achievement in school and life. The findings of this study show 
that the precursors to inhibitory control emerge during pre-pregnancy and perinatal 
periods. Of note, the maternal factors identified are malleable to intervention. An 
improved understanding of factors that promote or undermine the development of 
inhibitory control in early childhood can help identify high-risk children and inform 
prevention and intervention strategies.
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