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Abstract
Parental executive functioning (EF) is considered one key contributing source, via direct and
indirect routes, of inter-individual variation in offspring EF. The current study investigated
the unexplored associations between maternal EF and infant EF as well as its precursor,
sustained attention. Ninety-seven mother-infant-dyads from the FinnBrain Birth Cohort
Study participated. Maternal EF was assessed using selected measures from the Cogstate
test battery. At 8months, infants completed Lab-TAB Blocks and modified A-not-B tasks. A
modest but robust link between maternal EF and infant attention was revealed in girls.
There was no association between mother and infant EF in either sex at 8months. Notable
directions for future research, and potential underlying mechanisms of sex differences are
discussed.

Keywords: attention, executive functioning, sex, infancy, maternal

Introduction
Executive functioning (EF) is a set of higher-order cognitive skills that are employed in goal-

directed behavior and regulation of emotion (Nigg, 2017). Efficient early EF has high rele-

vance for cognitive, behavioral and social well-being later in life, whereas EF difficulties are

cardinal features of many psychiatric disorders emerging during childhood (Diamond, 2013).

For instance, ADHD, a neuropsychiatric disorder typically characterized by EF dysfunction,

has an early onset and global prevalence average of 5% (Sayal et al., 2018).
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EFs can also be considered to consist of attentional skills, or ways of using attention
(Zelazo, 2015). Therefore, maturation of attentional control is a key process in EF develop-
ment, and attentional capacity has been suggested to be the source of common variance
in the manifestation of different aspects of EF (Garon et al., 2008). Control of attention
undergoes a major change during the first year of life. As reviewed by Hendry et al.
(2016), during the first months of life, when difficulties in disengaging attention from
stimuli are typical, infant’s attention is strongly driven by environmental factors, i.e., nov-
elty of events and objects. Across the first 6months, shorter looking times for visual stim-
uli indicate easier disengagement and more mature attentional control, whereas after
6months, longer looking times, particularly for novel and complex stimuli, mark more
mature attentional control. Remarkable development in control of attention, which is
manifested by increased focused attention and decreased distractibility, takes place at
around 9months.
Notably, infant attention is associated with EF in later infancy (Blankenship et al., 2019)

and at ages 1–3 years (e.g., Kraybill et al., 2019). In the study by Blankenship et al. (2019),
infant 5-month attention, measured as the peak looking time and the shift rate, was found
to have a direct effect on infant 10-month EF, assessed using the A-not-B task. In turn,
Kraybill et al. (2019) found a significant connection between 5-month attention and 3-year
EF. These findings support the idea that infant attention and EF stem from the same rapidly
developing neural networks and that infant attention might reflect later EF and later EF def-
icits. Furthermore, the development of attention and EF coincides with the emergence of
the executive network, a neural network responsible for resolving conflicts, detecting errors
and regulating inhibitory responses, towards the end of the first year (Garon et al., 2008).
Core executive functions, from which “higher-order” EF develops, include inhibition, work-

ing memory and cognitive flexibility (Miyake & Friedman, 2012). Although more readily
observable as starting in toddlerhood, nascent EF abilities such as early inhibition and work-
ing memory (Garon et al., 2008) can be captured using laboratory tests (e.g., A-not-B task)
during the second half of the first year of life; however, EFs are still relatively undifferenti-
ated at this age (Hendry et al., 2016).
Individual differences in EF are moderately stable during its protracted development

(Miyake & Friedman, 2012), but their rank-order stability is low to moderate in early child-
hood, suggesting a considerably dynamic development of these abilities during this period
(Bridgett et al., 2015). Furthermore, the low stability may be partially explained by the
heightened neural sensitivity during the first years of life (Weiss & Wagner, 1998); thus,
environmental influences may have a more pronounced influence on the trajectories of
attention/EF development during this period. Nevertheless, the sources of individual differ-
ences in early childhood EF remain only vaguely understood. Better understanding of these
sources would be of significance in an understanding of the early milestones relevant to
EFs, and any untypical developmental pathways of attention and EF.
One source of inter-individual variation in children’s EF is parental EF. Individual differen-

ces in EF are considered highly heritable (Miyake & Friedman, 2012), and moderate heritabil-
ity of EF is observed in school age children (Polderman et al., 2006) and in adolescents
(Jester et al., 2009). EF may also affect parenting, which in turn creates independent contri-
butions to child EF (Bridgett et al., 2018). However, the literature linking maternal and off-
spring EF in early childhood remains inconclusive. One previous study found mother and
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child EFs to be positively associated between the ages 2–4 years (Cuevas et al., 2014),

whereas another did not find at 27months any mother-child EF association (Leve et al.,

2013). Surprisingly, to our knowledge, no previous study has reported associations between

maternal EF and child EF during infancy, i.e., at this important phase of development when

the behavioral manifestations of EF first begin to emerge. Given the crucial role of EF for

later development, a better understanding of the interrelations between maternal and

infant EF is needed to better elucidate the mechanisms through which EF in infancy

develops.
In summary, previous studies show that infant attention is associated with EF in early

years. Moreover, evidence has been obtained of a positive link between mother and child

EF at ages 2–4 years. However, associations between maternal EF and infant EF or attention

have not been reported in the previous literature. The current study addresses these gaps

by investigating the associations between maternal EF measured in pregnancy and infant

EF, and one of its precursors, sustained attention, measured as duration of looking and

facial displays of interest, at 8months of age.
Furthermore, although overall sex differences in EF within a healthy population are con-

sidered negligible, there might be sex-different developmental trajectories (Grissom &

Reyes, 2019). Some previous literature indicates that in childhood, girls outperform boys in

specific aspects of EF (e.g., inhibition, effortful attention, higher-order EF) (e.g., Carlson

et al., 2004; Leve et al., 2013; Wierenga et al., 2019). There is also evidence that sex may

interact with developmental processes linked with EF dysfunction in specific disorders. For

instance, neuropsychiatric disorders with the EF dysfunction as a core symptom (e.g., ADHD,

ASD), are much more often diagnosed in boys than in girls, and the presentation of these

neuropsychiatric disorders may also differ between the sexes (Grissom & Reyes, 2019). For

instance, the predominantly inattentive type of ADHD is significantly more prevalent in girls,

whereas the predominantly hyperactive-impulsive type is more common in boys (Willcutt,

2012). Finally, it has been shown that genetic contributions to behavioral traits and disor-

ders are often sex-dependent (Khramtsova et al., 2019). Thus, we additionally explored

whether the links between maternal and infant attention/EF were dependent on infant sex

at this particular period of development. We hypothesized that maternal EF is positively but

modestly associated with infant EF (Cuevas et al., 2014) and attention, but due to the lack

of previous research, we did not have a specific hypothesis regarding sex differences. To

date, very few studies have been able to account for genetic contributions in the context of

early EF development. Thus, in this study, to make preliminary conclusions about mecha-

nisms, we additionally tested as an exploratory analysis whether the associations remained

when a polygenic score (PGS) for educational attainment was included in the covariates;

PGS is a genetic score related to cognitive and brain development (Judd et al., 2020).

Materials and methods
Participants

The participants were 97 healthy Finnish infants and their mothers drawn from the popula-

tion of the Focus Cohort families participating in the FinnBrain Birth Cohort Study (Karlsson

et al., 2018). For the present study, participation in both maternal neuropsychological
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assessment during pregnancy and the assessment of infant attention and EF at 8months

was required. The characteristics of the mother-infant dyads are displayed in Table 1.

Procedures

Subjects were recruited at the gestational week (gw) 12 ultrasound visit. Maternal neuro-

psychological assessment was conducted between gws 26 and 30. Infant attention and EF

were assessed at 8months of age. The study was approved by The Ethics Committee of

Hospital District of Southwest Finland (ETMK: 57/180/2011; ETMK: 59/1801/2013).

Maternal EF

Maternal EF was assessed using the Cogstate computerized test battery designed for use in

research studies and clinical trials (www.cogstate.com; Maruff et al., 2009). The entire assess-

ment comprised of nine tasks measuring various neuropsychological functions (Kataja et al.,

2017) and, based on previous research, included three tasks tapping into a common factor

representing EF/working memory performance (e.g., Nordenswan et al., 2020; Yoshida et al.,

2011; Zhong et al., 2013): the Continuous Paired Associate Learning Test (CPAL; measures

visuospatial working memory. The number of errors was used as the unit of measurement),

the Groton Maze Learning Test (GML; EF/visuospatial working memory; number of errors),

and the International Shopping List Test (ISL; verbal learning and memory; number of cor-

rect responses). A composite score of these three tests that were all modestly to moderately

positive correlated (inter-correlations for CPAL and GML; CPAL and ISL; and ISL and GML

were: r ¼ .07, p > .05; r ¼ .39, p < .001; r ¼ .19, p ¼ .058, respectively), with higher score

indicating better performance was used in all subsequent analyses.

Table 1. Sample characteristics (N¼ 97).

M (SD) or % Range

Maternal age 31.4 (4.04) 23–44

Civil status, married/in a relationship 82.4

Maternal education, high 81.4

Parity, primiparous 61.9

Prenatal distressa 8.16 (3.30) 2.75–19.60

Postnatal distressb 3.15 (3.29) 0–15.97

Maternal VCI 105 (14.85) 66–136

Gender, boy 48.5

Gestational age at birth 39.87 (1.53) 35–42

Infant age at assessment, months 8.1 (0.21) 7.17–8.80

VCI¼WAIS-IV Verbal Comprehension Index.
aComposite score of Edinburgh Postnatal Depression Scale (EPDS), Symptom Checklist 90 anxiety subscale (SCL-90),
and Pregnancy-related Anxiety Questionnaire Revised 2 measurements, bComposite score of EPDS and SCL-90
measurements. There were no significant differences between boys and girls, nor their mothers, in background
variables.
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Infant attention

Infant sustained attention was assessed using the Blocks episode from The Laboratory
Temperament Assessment Battery (Lab-TAB) Prelocomotor Edition (Goldsmith & Rothbart,
1999). In this task, the infant was provided with an opportunity to play freely with a set of
blocks for 3minutes. Infant’s sustained attention i.e. duration of looking at the blocks in sec-
onds (0¼ not looking the blocks, 1¼ 1–4 seconds, 2¼ 5–8 seconds, 3¼ 9–10 seconds) and
intensity of facial interest in response to the blocks (0¼no interest, 1¼ a low intensity
interest, 2¼ a high intensity interest) were coded from a video in 10 second epochs. Since
the indicators were related to maternal EF in different direction, they were examined separ-
ately in further analyses. The correlations between the indicators in this study were low (r ¼
.16, p >.05). Nevertheless, based on the theoretical background and a significant correlation
between the duration of looking and facial interest in a larger population of the current
study where maternal EF was not available (N¼ 419, r ¼ .31, p < .001), we regarded both
as reflecting sustained attention. Both measures showed adequate inter-rater reliability
(Cohen’s Kappa for duration of Looking ¼ 0.72 and for facial Interest ¼ 0.79) and were
used as continuous in the analyses.

Infant EF

Infant EF was assessed using a modified A-not-B (AB) procedure (see a more detailed
description in Nolvi et al., 2018), which is considered to measure the core functions of EF:
engaging attention, inhibition and working memory. In this modified task, the infant must
recall the location of a toy under two identical hiding locations in a fixed pattern on three
delay levels (0, 2 and 4 seconds), each level including 6 trials. For example, in the first delay
level, the series of trials was R-L-L-R-R-L. If the infants scored correctly in half of the 6 trials,
they proceeded to the next delay level. The total number of trials in the entire task ranged
between 6 and 18. In each trial, infant0s reaching for a location was scored either as correct
or incorrect. All reaching behaviors that were initiated within 8 seconds were considered
reaching. Infant performance was scored by the experimenter and verified later by a trained
coder. The coding showed adequate inter-rater reliability (81% agreement across trials). The
sum of the infant’s performance in all the trials was used to develop one continuous total
score (0–18) that was applied in the analyses.

Confounders

Maternal verbal intelligence

Maternal verbal intelligence may be associated with offspring EF (e.g., Leve et al., 2013) and
was therefore controlled for in the analyses. The Verbal Comprehension Index from
Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV) (Wechsler, 2008, 2012), was used
to assess verbal intelligence in a subgroup of mothers with the data available (N¼ 71).

Polygenic score (PGS) for educational attainment

DNA samples were extracted according to standard procedures at the National Institute for
Health and Welfare. DNA samples were genotyped with Illumina Infinium PsychArray and
Illumina Infinium Global Screening Array at Estonian Genome Centre. Quality control (QC)
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and a method for imputation have been described elsewhere (PMID: 32676648) (Acosta
et al., 2020).
PGS is an overall measure of an individual’s genetic predisposition for a given trait,

derived from genome-wide association study (GWAS) for certain trait. In this study, we cal-
culated the PGS for educational attainment (in a subsample of N¼ 84) based on GWAS
where 1131881 samples were studied (Lee et al., 2018). PGS for educational attainment
refers to an individual’s genetic predisposition for educational attainment measured as the
number of years of education, cognitive test performance, self-reported math ability and
the highest math class taken (Lee et al., 2018). To generate PGS, we used all discovery
cohorts from meta-analysis except 23andMe. The final sample size for GWAS was 766345. A
PGS is constructed by calculating the weighted sum of risk alleles carried by an individual.
The weight is determined by an effect size of an individual allele. We used the PRSice pro-
gram (Euesden et al., 2015) to estimate the PGS for the studied individuals. PRSice provides
several PGS with a range of different P-value thresholds based on GWAS. The p value
threshold of .1 was used in the analyses, but the findings were similar using different
thresholds. The analyses including the PGS were controlled for the principal components of
gene-based ethnicity (PC1-PC3).

Maternal pre- and postnatal psychological distress

Maternal pre- and postnatal psychological distress were controlled for as potentially con-
founding factors as they may be associated with maternal and infant EF (Kataja et al., 2017;
Nolvi et al., 2018). Mothers reported their symptoms by responding to the Edinburgh
Postnatal Depression Scale (EPDS; Cox et al., 1987), Symptom Checklist 90 anxiety subscale
(SCL-90; Derogatis et al., 1973), and Pregnancy-related Anxiety Questionnaire Revised 2
(PRAQ-R2; Huizink et al., 2016) questionnaires. We used a principal component score com-
prising of all EPDS, SCL-90, and PRAQ-R2 measurements during pregnancy to reflect pre-
natal distress and one comprising of the EPDS and SCL-90 at 3 and 6months postpartum to
reflect postnatal distress.

Maternal education and age, infant age and sex

Maternal education (1¼ low–3¼ high) was obtained from questionnaires completed during
pregnancy. Information on maternal age, infant sex and length of gestation were obtained
from the national birth register (www.thl.fi).

Statistical analyses

Statistical analyses were conducted using SPSS 26.0. Associations between maternal EF,
background variables and infant attention/EF in the whole sample, as well as separately for
boys and girls, were examined using Pearson correlation coefficients. To test whether mater-
nal EF or the interaction between maternal EF and infant sex predicted infant attention or
EF we used a multivariable general linear model. Although none of the confounders were
significantly associated with the infant outcomes in the bivariate analysis, sensitivity analy-
ses were conducted with confounders (infant age, PGS for educational attainment, maternal
age, maternal verbal intelligence, maternal education, maternal pre- and postnatal

6 Anniina Karonen et al.

Nordic Psychology 2023, Vol. 0(0), 1–15 © 2023 The Author(s). Published by Informa UK Limited, trading as Taylor &

Francis Group

http://www.thl.fi


psychological distress). The significant interactions were probed conducting a simple slope

analyses in Process Macro 3.5 (Hayes, 2017).

Results
Zero-order correlations are presented in Table 2. None of the selected confounders were
significantly associated with child EF or attention. There were no significant differences in

the performance of boys and girls in the attention/EF tasks or maternal EF performance by

infant sex (Table 3).
In the entire sample, maternal EF was not significantly correlated with infant indicators of

attention or EF. However, a positive correlation between maternal EF and infant facial inter-
est, but not duration of looking or EF, was present for girls. Further, there was an inter-

action between maternal EF and infant sex in predicting infant facial interest (F1,92) ¼5.29,

B¼�0.13, p¼ 0.024, 2
p ¼.05). In girls, a higher maternal EF was associated with more fre-

quent facial displays of attention in girls (B¼ 0.08, 95% CI [0.007, 0.149], p¼ 0.031) but not

in boys (B¼�0.05, 95% [�0.132, 0.036], p¼ 0.260) (Figure 1). Similar interactions were not

observed for duration of looking or infant EF (p>.53).
The results remained in the sensitivity analysis controlling for confounders. Further, the

interaction remained when controlling for principal components for genetic background
and the PGS for educational attainment (B=-.13, p¼.022), which became positively associ-

ated with infant facial interest in the full model (B¼.07, p¼.018), suggesting that the associ-

ations may not be transmitted solely via genetic pathways.

Discussion
To our knowledge, this is the first exploration of connections between maternal EF and

infant attention and emerging EF. In contrast to our hypothesis, an association between
mother and infant EF was not observed among boys or girls at this early stage of EF devel-

opment. However, interestingly, the results showed sex-specific evidence of a modest, but
robust association between maternal EF and infant sustained attention (i.e., the antecedent

of EF) measured as facial interest at the age of 8months. A positive link between maternal

EF and infant facial interest emerged among mother-daughter dyads, but no such link was
observed for duration of looking.
There are several possible reasons for not observing the mother-infant resemblance

among EF in this study. First, given the previous literature on attention development under-

lying the development of EFs, and attentional capacity being one probable source of inter-

individual differences in EFs (Garon et al., 2008), the link between maternal EF and child
attention might emerge earlier in development than the link between mother and child EF.

At the age of 8months, infants are settling into a significant transitional period in attention

development, manifested by better concentration and less distraction from environmental
stimuli. The latter half of the first year of life is also a remarkable period in EF development

(Diamond, 1985). Thus, not finding an association between mother and infant EF at
8months may be due to behavioral manifestations of EF just beginning to emerge at the

age of the infants included in the current study. Given that specific cognitive abilities may

exhibit stronger genetic stability from stages later than early childhood and continuing into
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Table 2. Associations between maternal EF and infant attention/EF and the confounding factors in the
whole sample and separately by infant’s gender.

1 2 3 4 5 6 7 8 9

Whole sample (N¼ 97)

1. Duration of look

2. Facial interest .16

3. AB .24 � .17

4. Maternal EF �.12 .13 .01

5. Prenatal distress .06 .10 �.04 �.15

6. Postnatal distress �.03 .01 �.11 �.16 .65��

7. Maternal age �.03 �.19 �.07 �.20� �.16 �.10

8. Maternal VCI (N¼ 71) �.02 �.06 �.00 .00 �.15 �.02 .27�

9. Infant age .00 .07 �.01 .11 .02 .06 .09 .09

10. EA PGS (N¼ 84) �.04 .18 .06 �.32�� �.08 .02 .07 .23 �.02

Girls (N¼ 50)

1. Duration of look

2. Facial interest .10

3. AB .13 .05

4. Maternal EF �.19 .34� .01

5. Prenatal distress .15 .12 .09 �.11

6. Postnatal distress .03 .05 .08 �.14 .74��

7. Maternal age �.05 �.19 �.07 �.21 �.17 �.04

8. Maternal VCI (N¼ 38) �.12 �.04 �.05 �.02 �.16 .12 .13

9. Infant age �.12 .04 �.07 .33� �.11 .03 .26 .10

10. EA PGS (N¼ 45) �.01 .19 .02 �.38� �.14 �.05 .12 .36 �.06

Boys (N¼ 47)

1. Duration of look

2. Facial interest .22

3. AB .34� .32�

4. Maternal EF �.03 �.13 .02

5. Prenatal distress �.05 .07 �.26 �.21

6. Postnatal distress �.04 �.02 �.26 �.20 .61��

7. Maternal age �.04 �.20 �.12 �.18 �.14 �.13

8. Maternal VCI (N¼ 33) .07 �.06 .11 .01 �.18 �.13 .43��

9. Infant age .04 .09 �.01 �.08 .18 .12 �.09 .09

10. EA PGS (N¼ 39) �.07 .18 .14 �.23 .03 .10 .00 .09 .03

��Correlation is significant at the 0.01 level; �Correlation is significant at the 0.05 level.
AB¼A-not-B task, EF¼ executive functioning, VCI¼WAIS-IV Verbal Comprehension Index, EA PGS¼polygenic score
for educational attainment.
Note: ANOVA p-values for the analyses between maternal education and maternal EF, attention and AB p > .17.
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adulthood (Alarc�on et al., 1998), the heritability as well as the environmental influences

affecting EF might not yet be evident during this early period of development.
Second, there are well-known methodological problems concerning the measurement of

EF, particularly in the context of different developmental phases. First, in early childhood, EF

is a comparatively undifferentiated construct that becomes more structured with age as a

result of its protracted development (Friedman & Miyake, 2017). Furthermore, EF is a

Table 3. Descriptive statistics for outcome variables.

Mean (SD)

Whole sample Girls Boys t p

Infant attention

Duration of look

(0–3)

2.17 (0.38) 2.23 (0.35) 2.11 (0.40) �1.59 .12

Facial interest

(0–2)

1.51 (0.27) 1.52 (0.27) 1.50 (0.27) �0.33 .74

Infant EF

AB (0–18)

4.82 (3.58) 5.33 (3.91) 4.28 (3.13) � 1.46 .15

Maternal EF

EF composite 18.32 (6.11) 18.56 (6.53) 18.06 (5.69) -.40 .69

p values based on T-tests.
EF¼ executive functioning, AB¼A-not-B task.

Figure 1. The association between maternal executive functioning and infant attention (facial interest)
in boys and girls separately.
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complex and multifaceted construct, with different measures used to capture different
aspects of EF, which typically induces low intercorrelations among individual EF tasks
(Friedman & Miyake, 2017). Second, even though measures assessing the same single aspect
of EF would show good reliability, the existing correlation between the measures may be
low (e.g., Rey-Mermet et al., 2017). Additionally, in young children, there are, for example,
limitations in verbal abilities and attentional control that affect comprehension and the fol-
lowing of task rules and staying on a task (e.g., Carlson, 2005). Therefore, developmentally
appropriate measures of EF are different from those of adults. Thus, it is possible that meas-
ures used in this study captured different aspects of EF resulting in no association being
observed between maternal and infant EF.
We did not set any hypothesis regarding the sex differences. Nonetheless, there are sev-

eral possibilities for the exploratory sex-specific findings that were observed. First, previous
research has consistently demonstrated that genetic contributions to behavioral traits and
diseases are sex-dependent and that these contributions are transmitted through sex-spe-
cific mechanisms (Khramtsova et al., 2019). In complex traits and diseases there may be sex
differences in, for example, clinical presentation, age of onset, and susceptibility, such as dif-
ferences in the symptoms of males and females with autism spectrum disorders, obsessive-
compulsive disorder and schizophrenia (Khramtsova et al., 2019). Although our study did
not focus on genetic transmission, these observations may provide insights into the mecha-
nisms underlying the associations between maternal and infant EF. One potential underly-
ing mechanism specific to attention and EF development might be found in sex differences
in neural networks underlying EF. As reviewed by Manoli and Tollkuhn (2018), there may be
innate differences in neural functioning between sexes in infancy. In turn, innate divergen-
cies underlie early behavioral differences between boys and girls both in normal develop-
ment and in the context of neuropsychiatric disorders. Because of these differences, some
findings may be detected at different ages for boys and girls. For instance, on the behav-
ioral level, girls in the normal population are known to express higher effortful control (i.e.,
attention regulation and inhibitory control, which are also components of EF) than boys
(Else-Quest et al., 2006). Overall, girls tend to outperform boys in attention focus, attention
shifting and inhibitory control (Else-Quest et al., 2006; Silverman, 2021; Tao et al., 2014).
An interesting example of sex differences in neural functioning in line with the findings of

the current study, where no performance differences between sexes were found, is the
study by Cuevas et al. (2016). First, this study demonstrated that there are underlying sex
differences in EEG power changes in EF related networks in the absence of performance dif-
ferences in EF tasks in 4-year-olds. Second, girls exhibited more localized EEG changes dur-
ing EF tasks than boys. Increased localization seems to be a normal developmental change
in brain electrical activity during higher order cognitive processes (e.g., Bell & Wolfe, 2007);
this could indicate more mature functional brain development in girls (e.g., Grabner et al.,
2004), especially in infancy (Chen et al., 2021) . On the other hand, a faster integration of
frontoparietal networks relevant for executive control in boys in comparison to girls in
infancy has been observed in previous studies (Gao et al., 2015). In the context of our find-
ings, the association between maternal EF and precursors of infant EF were perhaps found
only in girls because of the potential underlying sex different developmental pathways in
neural functioning. That is, girls’ EF may develop at a different pace in comparison to boys.
Thus, similar associations for boys and girls may be detected in the whole sample at a later
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age (Chen et al., 2021), but this remains to be tested by future studies. Our findings suggest
that sex might be a relevant factor to acknowledge in future research concerning early child
EF and parental EF links.
Second, as Friedman and Miyake (2017) present, although EFs are considered highly herit-

able, they are not invariable, but also responsive to environmental effects such as parenting.
Consequently, maternal EF may impact child EF also through parenting behavior already in
infancy, which is a critical time period for the emergence of EF (Bridgett et al., 2017). It has
been concluded that maternal EF is crucial for regulation of parenting behavior (Cuevas
et al., 2014). For instance, already in infancy a poorer maternal EF is known to associate
with more negative parenting behaviors, such as displays of negativity and intrusiveness
(Bridgett et al., 2017). In turn, negative caregiving practices are linked to children with a
poorer EF (Valcan et al., 2018). It is also known that positive parenting behaviors (e.g., sup-
port and involvement) and parenting that involves cognitive support, such as cognitive
stimulation, scaffolding and attention maintaining, are associated with a higher EF in chil-
dren (Valcan et al., 2018). Interestingly, child sex may also moderate the link between
parenting and child EF. For instance, boys may be especially vulnerable to social network-
related resources, including, e.g., family stressors and parental satisfaction, in terms of the
development of cognitive flexibility (Clark et al., 2013). Nevertheless, autonomy-supportive
and controlling parenting behaviors appear to be very similar with girls and boys
(Endendijk et al., 2016). However, in this study, we could not assess the parenting pathway
and future studies should continue to study the parenting as one mechanism transmitting
EF, and its sex differences, along with heritability in a larger sample of parent-infant dyads.
The current study has several strengths, one being that we used observational data to

assess mother and infant EF, to the best of our knowledge, for the first time in the context
of mother–infant EF resemblance. In addition, we accounted for several confounding fac-
tors, including PGS for educational attainment, which has not been used in prior studies.
The limitations of the study include the fact that no multiple comparison corrections were
applied, so the evidence should be considered preliminary and as a starting point for future
studies. We used only one measurement point and task for infant EF. Though associations
between maternal and infant EF did not emerge by 8months of age, such associations may
be present later in infancy (e.g., 12months of age), when children’s EF has further devel-
oped. As discussed, the correspondence between mother and infant EF measures, which
could have diminished the possibility for the tasks to measure different aspects of EF, was
limited in this study. The general challenge with EF measurement is that it is frequently not
possible to perform the same EF tasks for very young children and parents due to the lack
of tasks that are suitable for covering this remarkably wide age range. Consequently, this
leaves a possibility that no association was found between maternal and infant EF because
different measures were used. As a final point, the sample of the present study was small.
However, based on previous studies of Cuevas et al. (2014) and Kim et al. (2017) which
examined associations between maternal EF and child EF at the ages of 2–4 and 3–6 years,
the effect sizes ranged from r ¼ .22 to .37. Our post hoc power analysis indicated that with
a power of 0.7–0.8, such effects could be detected, and thus the detected effect in the pre-
sent study were within in this effect size range; this indicates that the power was sufficient
for detecting the anticipated effects. However, given the paucity of previous studies in this
age range, larger samples are essential to replicate and expand on current findings.
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To conclude, the association between sustained attention, specifically facial interest, and
maternal EF is, in the absence of sex differences in task performance, evident in girls, but
not in boys, by 8months of age. Furthermore, evidence suggests, that these associations
may not be transmitted solely via genetic pathways. Finally, our findings suggest that more
robust associations between maternal and child EF may not emerge until later in life (e.g.,
toddlerhood, or early school age).
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