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Whereas the effects of maternal parenting quality during infants’ 2nd year on later
executive function (EF) have been studied extensively, less is known about the impact
of maternal parenting quality during the 1st year. The aim of this study was to examine
whether maternal parenting during infants’ 1st year predicted EF performance at 2 and
3 years of age in a Chinese sample. Data were collected from 96 mother-infant dyads
(42 males) when the infants were 6, 9, 25, and 38 months old. Cognitive development
as a control variable was measured with the Bayley Scales of Infant Development
II at 6 months. At 9 months, three aspects of maternal parenting quality (sensitivity,
mind-mindedness, and encouragement of autonomy) were assessed with MBQS, mind-
mindedness coding system, and encouragement of autonomy coding schema within
a 15-min mother–infant interaction. Three aspects of EF (working memory, inhibitory
control, and delay EF) were measured at 25 and 38 months with age-appropriate
tasks. Hierarchical regression analysis showed that maternal mind-mindedness had a
more important effect than did the encouragement of autonomy and maternal sensitivity
during infants’ preverbal period. More precisely, maternal mind-mindedness at 9 months
predicted inhibitory control at 2 and 3 years, and maternal encouragement of autonomy
predicted performance on delay EF tasks at 3 years, maternal sensitivity had no
observed effect on children’s EF. This study suggests that maternal parenting quality
during the 1st year (maternal mind-mindedness and encouragement of autonomy, but
not maternal sensitivity) impacts later EF development.

Keywords: maternal parenting, maternal mind-mindedness, encouragement of autonomy, maternal sensitivity,
executive function

INTRODUCTION

Executive function (EF) has been defined as a range of higher-order cognitive functions serving
to control consciousness and behavior (Carlson, 2005; Garon et al., 2008). It includes the ability
to set goals and accomplish these goals by coordinating thought and action with three component
systems: working memory, inhibitory control, and cognitive flexibility (Garon et al., 2008; Hendry
et al., 2016). EF in early childhood has been demonstrated to be responsible for various aspects
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of later child development, including language skills (Kuhn et al.,
2014), academic performance (Bull and Lee, 2014), theory of
mind (Benson et al., 2013), and behavioral problems (Sulik et al.,
2015). The neurological underpinnings of EF include maturation
of the prefrontal cortex, which occurs gradually from infancy
to adolescence (Diamond, 2013). In addition to ongoing brain
development, the effects of social interaction and the wider
environment on EF formation are increasingly being studied
(Moriguchi, 2014).

The influences of parent-infant interaction experiences, such
as the early care environment (Miller and Marcovitch, 2015) and
the quality of mother–infant interaction (Roskam et al., 2014),
also provide a new perspective for training and intervention
when delays in EF are identified. Considerable evidence suggests
that EF has social origins and emerges in the context of
social interaction (Moriguchi, 2014), particularly mother–infant
interaction (Carlson, 2009). Several studies have identified
positive correlations between the development of EF and
maternal parenting, concurrently and longitudinally in different
age ranges (e.g., 12–15-month-old infants: Bernier et al., 2010;
Bernier et al., 2012; 2- and 3-year-old toddlers: Hughes and Ensor,
2009; Hammond et al., 2012; 4-year-old preschoolers: Landry
et al., 2002). In addition, longitudinal positive associations
have been found between maternal sensitivity when children
are 3 years old and parent-rated EF performance at 4 years
of age (Kok et al., 2014). However, the influence of maternal
parenting in infants aged < 1 year has remained unexamined
or underreported. Although Sulik et al. (2015) reported on
longitudinal relationships between parenting of children aged
6–36 months and executive performance on EF tasks in children
aged 36–60 months, they averaged the parenting period examined
into a composite index, which limits the ability to examine the
unique effects of parenting before the age of 1 year. Thus, the
current study expands on previous research by examining the
effects of maternal parenting quality during this preverbal stage
on later EF at 2 and 3 years of age.

A wide range of maternal parenting behaviors has different
effects on child EF outcomes (Bernier et al., 2010; Fay-
Stammbach et al., 2014). Carlson (2003) argued that maternal
parenting contributes to the development of EF through three
primary aspects of interaction (scaffolding behavior, stimulation,
and sensitivity) and that each has different effects on EF.
Scaffolding behavior, which focuses on problem-solving, refers to
how adults verbally and non-verbally guide and instruct children
during challenging tasks (Lewis and Carpendale, 2009), support
children’s autonomous exploration, and encourage children to
make decisions autonomously to solve problems, (which also
called autonomy support, Matte-Gagn and Bernier, 2011). For
example, a mother might provide gentle guidance to a child
frustrated by an ever-collapsing block tower by placing the larger
blocks at the base. The strategies provided by caregivers tell
children not only what to do, but also how to think, guiding
improvements in cognitive control, error recognition, and
self-correction during problem-solving. Sensitivity represents
a caregiver’s ability to perceive and accurately interpret the
signals shown explicitly or implicitly in an infant’s behavior,
and to then respond appropriately (see Pederson et al., 1990).

Children who experience their environments as predictable and
consistent are inclined to achieve higher-level self-regulation in
their early lives and more motivated to gain cognitive control
(Carlson, 2003). For example, mother-toddler interaction with
warm and responsive maternal parenting predicts longitudinal
effortful control performance and delay of gratification ability
(Kochanska et al., 2000; Sethi et al., 2000). Stimulation, as
used here, covers the wide range of interactions between
parents and children, such as the creation of environments
for cognitive skill development through activities like reading
(Bradley et al., 2011) and playing games together (Rome-Flanders
et al., 1995). Maternal verbal input, which functions as a routine
and important stimulus, has been found to play a critical role
in children’s later executive processing (Landry et al., 2002)
and may bolster the conversion to self-verbalization by which
children gradually increase self-regulation in place of external
regulation (Bernier et al., 2010). Maternal ‘mind-mindedness’ –
the ability and tendency to nurture reflective functioning in the
infant through interactive meaning-making – is inferred from
caregivers’ tendencies to describe their children in terms of
mental characteristics and to appropriately comment on their
infants’ putative internal mental-related states (Meins et al.,
2012). Compared to the quality of maternal sensitivity, mind-
mindedness is characterized by not only recognizing baby’s
request signals, such as crying due to hunger or gazing due to
interest or the desire to play, but also echoing such requirements
and explaining to the infant with appropriate and accurate oral
responses (Meins et al., 2001). For example, when perceiving
that a baby is hungry because he/she is crying, a sensitive
mother will instantaneously feed the baby, but a mind-minded
mother will soothe the baby with affective talk to manifest his/her
requirement. During the interaction, the mother transmits
emotion and affection to the baby and gives appropriate verbal
feedback. Mind-mindedness has been consistently demonstrated
to be linked to later expressive language in early toddlerhood and
to EF (Bernier et al., 2012; Meins et al., 2012, 2013).

Bernier et al. (2010, 2012) studies have empirically
examined the effects of these three aspects of maternal
parenting (operationalized with sensitivity, autonomy support,
mind-mindedness) of children aged 12–15 months on EF
performance at 18, 26, and 36 months of age. Specifically,
mind-mindedness and maternal autonomy support at
12–15 months predict EF at 18 months of age, whereas maternal
autonomy support, and not sensitivity or mind-mindedness, is
the exclusive predictor of conflict EF (including working memory
and inhibitory control), but not impulse control EF (related to
delay of gratification; Bernier et al., 2010), at 26 months. Another
study of children’s EF performance at 38 months showed that
maternal autonomy support has a consistently greater effect
than mind-mindedness and sensitivity at 12–15 months of age
(Bernier et al., 2012). In sum, studies conducted by Bernier et al.
(2010, 2012) show that autonomy support at 12–15 months has
more influence than mind-mindedness in predicting infants’ EF
performance at 26 and 38 months.

However, relationships between these three aspects of
maternal parenting during infants’ 1st year of life and later EF
have not been examined. Several elements of maternal parenting
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of infants aged less than 1 year, expanding on prior studies that
have focused on the infant’s 2nd year, should be considered.
First, during the preverbal period, mothers are necessarily more
focused on infant’s non-verbal behavior and bodily dependence
during mother–infant interactions. Before they can verbally
express their desires, mothers’ attunement to infants’ internal
states (e.g., maternal mind-mindedness) and sensitive responses
to infants’ demands may be more important during mother-
infant interaction (Soderstrom, 2007; Meins, 2013). Additionally,
infants aged< 1 year are less likely to engage in problem-solving
requiring maternal scaffolding (Chen et al., 1997), which is more
common in the 2nd year when infant’s exploration behavior and
problem-solving orientated activities are more frequent. Thus,
the effects of mind-mindedness and sensitivity are likely to be
more conspicuous and consequential aspects of mother–infant
interaction during the preverbal stage, while encouragement of
autonomy may be more important in the 2nd year for predicting
later development of EF as shown by Bernier et al. (2012).
Secondly, according to Bernier et al. (2012), the relation of
parenting and the development of EF may be mediated by
attachment security, because the effect of parenting disappeared
when those two variables are both entered into the regression
model. In this case, due to the relatively large predictive
power of mind-mindedness on attachment security compared
to that of maternal sensitivity and autonomy support (e.g.,
Meins et al., 2001), mind-mindedness may be more important
in the 1st year for EF’s development. Third, some research
suggests cultural differences in the quality and effects of maternal
parenting, specifically when Western and Chinese cultural
settings are compared. Specifically, a cross-cultural research
on mind-mindedness has shown that United Kingdom parents
display higher levels of mind-mindedness than Hong Kong
parents (Hughes et al., 2017). Such findings compel a close
examination of early maternal parenting and the development of
EF capacity.

The aim of the study reported here was to examine the
effects of these three aspects of parenting (sensitivity, stimulation,
scaffolding) during infants’ preverbal stage (age < 1 year) on
EF at 2 and 3 years of age in a Chinese sample. In this study,
these aspects were operationalized with maternal sensitivity,
mind-mindedness, and encouragement of autonomy (Liu et al.,
2009), which is comparable to the concept of autonomy support
used by Bernier et al. (2010, 2012). For reasons outlined above,
we expected that maternal mind-mindedness would be the most
powerful predictors.

MATERIALS AND METHODS

Participants
This study was part of a longitudinal research project that
aimed to investigate the effects of early parenting environment
on development outcomes, such as cognitive ability, social-
emotional development, and language development. Dyads of
mothers and infants aged 6 months were recruited by fliers or
brought in by other participants in Beijing. Written parental
informed consent was obtained. Data from dyads who did not

participate in both assessments (at 25 and 38 months, N = 11)
were not included in the final analysis.

Analytic Sample
The initial sample consisted of 96 dyads of mothers and
infants (42 males and 54 females) aged 6 [mean (M) = 6.46,
standard deviation (SD) = 0.4, range = 5.6–7.4] months.
Eleven dyads were excluded due to non-participation in both
25- and 38-month assessments. Excluded infants did not
differ from those who participated (n = 85) with respect
to sex [χ2

= 1.78, p = 0.16], age [t(94) = 0.36, p = 0.724],
family income [t(89) = 0.73, p = 0.466], or parental education
level [t(78) = 0.65, p = 0.0.42]. In total, 76, 75, and 69
families participated in assessments when infants were aged
9 (M = 9.73, SD = 0.47, range = 9.3–10.7), 25 (M = 25.13,
SD = 1, range= 23.8–27.3), and 38 (M = 38.2, SD = 0.77,
range = 36.9–40.9) months, respectively. Family income was
recorded with a 5-point scale: (1) <18,000 (approximately
$2,647); (2) 18,001–36,000 (approximately $2,648–$5,294);
(3) 36,001–72,000 (approximately $5,295–$10,588); (4)
72,001–120,000 (approximately $10,589–$17,647); and (5)
>120,001(approximately $17,648) Chinese renminbi (RMB) per
year. Fathers’ and mothers’ average income scores were 3.76
(SD = 1.07) and 3.08 (SD = 0.99), respectively. Median income
for both of mothers and fathers was between 36,000 and 72,000
RMB per year, approximating the average yearly income (50,415
RMB,= approximately US$7,384 using 2010 conversion rates) in
Beijing at that time (Beijing Municipal Bureau of Statistics, 2010).
Most mothers (91.7%) and fathers (83.7%) had college-degree
or higher education levels. Paternal and maternal educational
levels were recorded as following categories: 1 = middle school
educational level or below; 2 = high school educational level;
3 = college educational level; 4 = master educational level or
above.

Measures
General Cognitive Skill
Infant’s general cognitive skill was assessed by Mental
Development Index (MDI) of the Bayley Scales of Infant
Development II (Bayley, 2006). Although three semi-scales (the
mental scale, psychomotor scale, and infant behavior record)
were all measured at 6 months, the mental scale was always used
to evaluate infant’s intelligence or general cognitive skill, thus in
this study we only reported the infant’s MDI which is obtained
via the mental scale.

Maternal Parenting Variables
Sensitivity was assessed at 9 months using the maternal behavior
Q-sort (MBQS), a 72-item measure of maternal behavior during
in-home mother–infant interactions (Pederson et al., 2009,
unpublished). One research assistant completed the MBQS
based on videotape review of 15 min mother–infant interaction.
Seventy-two items describing potential maternal behaviors were
sorted into nine categories, with scores gradually ranging from
“very unlike (1)” to “very similar (9)” to the observed mothers’
behaviors, each category containing eight items. For example,
item “responds immediately to cries/whimpers” which is very
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similar to the observed mothers’ behaviors should score 9,
and items “when the baby is distressed, the mother is able
to identify the source” which is very unlike to the observed
mother’s behaviors should score 1. The scores of these items
represent the sensitivity level of maternal caregiving behavior in
a family setting. Then, the observer’s score was correlated with
a standard score from an extremely sensitive mother, provided
by the developers of the instrument (Pederson et al., 2009,
Unpublished). MBSQ scores thus range from−1 (least sensitive)
to 1 (extremely sensitive). Two research assistants rated the
same 20 videotapes to obtain code consistency. The intercoder
reliability was 0.76, p < 0.01. The measure has been shown to be
reliable and valid in previous studies in Chinese children (e.g.,
r = 0.76 in Liang et al., 2015; r = 0.72 in Xing et al., 2016).

Mind-mindedness was coded using procedures adapted from
Meins and Fernyhough (2006, Unpublished). Mothers’ speech
during the sessions was transcribed verbatim, and all comments
including internal state terms referring to the infants’ minds
or emotions (mind-related comments) were identified from
the transcripts. Five aspects were included in mind-related
comments: (1) infant mental states, such as thoughts, knowledge,
and desire (e.g., “do you want to read this book?”); (2) mental
processes, included thinking, remembering, and knowing [e.g.,
“do you remember seeing a camel at the zoo?” (while the
child plays with a toy camel)]; (3) emotions, such as shyness,
solemnity, happiness, sadness, joy, and good/bad mood; (4)
epistemic states, referring to teasing, playing games, and joking
(e.g., “Are you playing games with me?”); and (5) talking on
the infant’s behalf, referring to any utterance that is obviously
meant to be said/thought by the infant (e.g., “you say we
drink water!”). According to the coding manual (Meins and
Fernyhough, 2006, Unpublished), mind-related comments were
classified as appropriate or non-attuned, and only appropriate
mind-related comments were used in this study to index mind-
mindedness, expressed as the proportion of the total number of
comments produced by a given caregiver during the interaction
to control for differences in verbosity. Scores ranged from 0 to
1. The kappa value for the consistency of two research assistants’
coding of the same 21 videos was 0.817.

Maternal encouragement of autonomy was assessed using
a coding manual developed by Liu et al. (2009). Verbal
and non-verbal maternal behaviors that promoted children’s
initiation of exploration self-directed exploration activities were
assessed using five constructs: (1) giving suggestions, referring
to mothers’ active provision of general suggestions and directives
(e.g., “would you like to play with the bunny by yourself?” while
pointing to the toy on the floor); (2) explanation, referring to
mothers’ active and patient explanations of children’s behavior
in detail (e.g., “baby, play like this, first, you can open. . ..”
while demonstrating); (3) providing selection, in which mothers
provide several activities to children, who select desired activities
(e.g., “Wow, so many toys there, which one will you want
to play with first?” when mother and child enter the room);
(4) positive reinforcement, including encouragement and praise
(e.g., “well, you just did a good job”) for autonomous behaviors;
and (5) direct commands given without force, referring to
mothers’ giving of orders to children clearly and directly, with

no emotional expression (e.g., “that’s amazing, keep going!” while
the child is playing with a dump truck). Maternal encouragement
of autonomous behavior was coded using an event-sampling
approach with the scoring of the frequencies of maternal
behaviors. Two research assistants performed coding for 20
randomly selected dyads (approximately 15% of the sample), and
the kappa value for the inter-rater agreement was 0.803.

Executive Function
25 months
The Spin the Pots task (Hughes and Ensor, 2005), used to assess
children’s working memory at 25 months. Children were asked
to search for six candies hidden randomly in eight opaque pots,
two of which were left empty. The pots had very different visual
appearances. The experimenter showed each candy when she put
it into a pot and asked the child to remember which pots had
candy. All pots were then covered with a piece of cloth and spun
to change their locations. Then, the child was asked to retrieve
the candy from the pots based on his/her memory. Only one pot
could be opened at a time, and candy that had been found was
placed on a table close to the child. The now empty pot was then
put back in place, all the pots were covered with the cloth and
spun again, and the exercise repeated. Three practice trials were
conducted to ensure that the child understood what was expected
followed by a maximum of 16 test trials to find as many candies
as possible [based on Hughes and Ensor (2005) approach]. Scores
were computed by subtracting the number of incorrect finds from
the total of 16 trials and theoretically ranged from 0 to 16.

Reverse categorization (Carlson et al., 2004). This task was
tapped to measure toddler’s inhibition ability. Children were
presented with six larger blocks, six smaller blocks, and two boxes
and were asked to help the experimenter collect the large blocks
into the “big” box and the small blocks into the “small” box. Then,
the experimenter suggested that they play a different game with
the reverse categorization rule (small blocks in the “big” box and
large blocks in the “small” box). The experimenter presented the
12 blocks randomly, one by one, with a reminder about the rule
at each presentation. The score (0–12) represented the number of
blocks correctly placed by the child.

Externally imposed delay [adapted from Kochanska et al.
(2000)], which is commonly used to measure externally imposed
delay ability. An open transparent box containing an attractive
toy tiger was introduced to the child. The toy tiger had a switch
and could make a sound and sing a song when turned on. The
experimenter told the child that she was going outside to get
something, and asked him/her to not touch the toy before she
came back. Upon the child’s indication of understanding with
a nod or other such behavior, the experimenter left the room.
The mother could stay in the room, but only watch; she was
not allowed to provide hints with vocal or non-vocal behavior.
The trial was terminated when child touched the tiger or the
box, or 3 min after the experimenter had left. Two indexes were
calculated for the evaluation of children’s externally imposed
delay ability: the waiting time (maximum 180 s) and the extent of
behavior [(1) removing the tiger from the box and playing with
it; (2) touching the tiger without removing it from the box; (3)
touching the box only; (4) not touching the tiger or the box].
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Given the high correlation between these indexes (r = 0.871,
p < 0.001), a composite score was computed by averaging the
standardized scores of both indexes.

38 months
Working memory span-like task [adapted from Willoughby et al.
(2010)]. This task was conducted to assess children’s working
memory at 38 months. Children were presented with a picture of
a house, with an animal drawing at the bottom of the house and
a colored dot at the top of the house. In the warm-up phase, the
experimenter asked the child to name the color and the animal.
Then, the experimenter turned to a page that showed only the
outline of the house depicted on the previous page and asked the
child to recollect which animal was in the house on the previous
page. This task targeted children’s working memory ability,
which requires them to hold in mind two pieces of information
(i.e., the animal’s identity and the dot’s color) simultaneously
and to actively name the animal while overcoming interference
from naming the dot’s color. Following the approach used by
Willoughby et al. (2010), only 11 items were administered at
38 months assessment. The task comprised three trial types,
performed in the following order: one one-house trial, two two-
house trials, and two three-house trials. Each item was scored as
1 (recall of all animals) or 0 (no/incomplete recall of animals).
Scores were indexed with the number of correct-response items
and theoretically ranged from 0 to 11.

Day–night [adapted from Carlson (2005)]. This task is used
commonly to assess children’s inhibitory ability, as it requires
them to activate a subdominant response while inhibiting the
dominant behavior. In the brief warm-up, the child was presented
with two drawings (of a yellow sun and a black moon), and
the experimenter talked with him/her about when the sun
and moon appear (in the day and night, respectively). The
experimenter guided the child to say “day” when seeing the
sun picture and “night” when seeing the moon picture. In the
formal performance phase, the child was instructed to respond
inversely to the convention, saying “night” when presented with
the sun picture and “day” when presented with the moon picture.
This phase comprised 16 trials. A correct response in each
trial was scored as 1, resulting in a total score ranging from
0 to 16.

Gift delay [adapted from Kochanska et al. (2000)]. The child
was informed that he/she would get a reward for his/her good
performance, but that the experimenter needed to wrap the
gift first. He/she was asked to sit with his/her back to the
experimenter and to not peek while the gift was being wrapped
(duration, 60 s). The experimenter deliberately made sounds of
the gift to attract the child while wrapping it. Scores for the
extent of peeking or turning ranged from 1 (turns around and
continues to peek) to 3 (peeks over shoulder) to 5 (does not peek),
and the latency to peeking or turning was also recorded (60 s
if the child never peeked or turned). Given the high correlation
between these indexes (r = 0.80, p < 0.001), a composite score
was computed by averaging the standardized scores of both
indexes.

Self-imposed delay [adapted from Kochanska et al. (2000)].
After wrapping the gift for the gift delay task, the experimenter

asked the child to face her. The experimenter placed the wrapped
gift on a table and told the child that she would leave the room
to get something and that the child was not allowed to touch the
gift until she returned (180 s later). The experimenter also told
the child that if he/she touched the gift before the experimenter
returned, he/she would be allowed to play with the gift for only a
moment in the laboratory; if he/she did not touch the gift, he/she
could take it home as a real gift. The child’s wait time was recorded
and served as the score.

Procedure
At baseline (children aged 6 months), demographic data
(including father’s and mother’s educational level and annual
income) were collected via questionnaire administered to
mothers during home visits, and general cognitive development
was assessed using the MDI of the Bayley Scales of Infant
Development II (Bayley, 2006) in the university laboratory. These
variables assessed at age 6 months were regarded as control
variables to predict the development of later EF.

The second home visit (when children were aged 9 months)
was designed to observe mother–infant interaction using three
semi-structured procedures in which age-appropriate toys were
available for a mother–infant play sequence: a cloth picture
book (for mother–infant book-sharing), beads (which mothers
could direct infants to string on a cord), and blocks (with
which mothers could instruct infants to build shapes). Each
toy was available for a 5-min period. All procedures were
videotaped using two cameras focused on the mother and infant,
respectively. Three maternal parenting aspects (Carlson, 2003)
were coded from these videotapes: maternal sensitivity and mind-
mindedness were coded during all three procedures during a
15-min period, and maternal encouragement of autonomous
behavior was coded during the bead and block sessions during a
10-min period (due to the low frequency of autonomous behavior
during the cloth book procedure).

At the third assessment (when children were aged 25 months),
three EF tasks were conducted in the laboratory; in order, these
were pot spinning (working memory), reverse categorization
(inhibitory control) and an externally imposed delay task
(delay EF).

Similarly, at the final assessment (when children were aged
about 38 months), four age-appropriate EF tasks were conducted
in the laboratory: in order, these were working memory span
(working memory), day–night (inhibitory control), gift delay
(delay EF), and self-delay tasks (delay EF). Following Bernier
et al. (2012), assessment of children’s EF at 2 and 3 years in this
study focused on three dimensions: working memory, inhibitory
control, and delay EF ability. The corresponding tasks have been
proved valid and reliable to measure these components (see
Kochanska et al., 2000; Carlson et al., 2004; Willoughby et al.,
2010). We explored externally imposed delay, such as at parents’
requests (Mauro and Harris, 2000), at 2 years of age, as it is more
pervasive at this age and has been used for the assessment of
delay EF ability (Kochanska et al., 2000). We assessed gift delay
and self-imposed delay (which reflects children’s self-regulation
ability in a competitive stress context; Mischel et al., 1988) at
3 years of age.
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Statistical Analysis
Given the moderate correlations between maternal and paternal
income (r= 0.593, p< 0.01) and the concision of these regression
models (8 or 9 variables already entered in the model but our
sample was just 85), according to the method used in Bernier
et al. (2012), these variables were standardized and averaged
into a composite index of family income. Due to the modest
correlations between maternal education and parental education
(r = 0.323, p < 0.01), these two variables severed as covariates
separately in the following analysis.

First, the correlation analysis was conducted to test the
coherence in three aspects of maternal parenting quality, the
internal consistency of those three EF constructs at either time
point, and the individual longitudinal stability of EF constructs
between 25 and 38 months. Next, hierarchical regression analysis
was conducted to evaluate the ability of maternal parenting
aspects at 9 months to predict EF constructs (working memory,
inhibitory control, and delay EF) at 25 and 38 months. For
predicting EF at 25 months, the first block included the covariates
gender, maternal and parental education level, family income,
and MDI, and the second block contained maternal parenting
constructs. For predicting EF at 38 months, the first block
variables were similar with that at 25 months, the corresponding
EF construct tested at 25 months formed the second block of the
model, and maternal parenting aspects were entered in the third
block.

Missing Data
The percentages of missing data (12–30%) for these study
variables are presented in Table 1. Little’s test (Little, 1988)
was applied to assess the influence of missing data. The results
indicated that the pattern of missing data was non-systematic
[χ2

(362) = 36.74, p = 0.509], supporting the use of missing
data imputation. According to Collins et al. (2001), we applied
expectation maximization to impute the missing data to yield
optimal results. It should be noted that the following analyses are
based on imputed data only, and the results hold when using the
raw data set.

RESULTS

Descriptive Statistics and Correlations
Descriptive statistics and missing data rates for all study variables
are presented in Table 1. The mean score of mind-mindedness
was 0.04, suggests that there was just a small proportion of
appropriate mental-related comments during the interaction.
Bivariate correlations between all variables are presented in
Table 2. Maternal parenting constructs at 9 months were
unrelated to each other. Little coherence across EF tasks was
exhibited at 25 months because the associations across these EF
tasks were not significant (rs < 0.10, ps > 0.35). At 38 months,
there was much more coherence across EF tasks, as working
memory was related positively to inhibitory control (r = 0.27,
p < 0.05), but no other variable; gift delay showed modest
associations with inhibitory control (r = 0.25, p < 0.05) and
self-imposed delay (r= 0.31, p< 0.01). Measures of EF constructs

obtained across time points were not related, demonstrating low
levels of stability of EF constructs from 25 to 38 months. Finally,
maternal parenting aspects were associated positively with certain
EF constructs. Mind-mindedness was related significantly to
inhibitory control at 25 months (r = 0.39, p < 0.01) and
38 months (r = 0.30, p < 0.01) and to gift delay at 38 months
(r = 0.27, p< 0.05). Encouragement of autonomy was associated
positively with inhibitory control (r = 0.22), gift delay (r = 0.25),
and self-imposed delay (r = 0.24) at 38 months (all p< 0.05).

Predictive Effects of Maternal Parenting
on Executive Function at 25 Months
Table 3 shows the extent to which mind-mindedness,
encouragement of autonomy, and sensitivity in infancy predict
working memory, inhibitory control, and delay EF at 25 months
when controlling for covariates. The first model yielded no
significant result, and accounted for 6–11% of the variance in
the three EF constructs [Fs(5,79) < 2.03, ns]. Only gender was
found to be negatively correlated with delay EF at 25 months
(β=−0.26, p< 0.05).

In the last model, maternal parenting constructs
uniquely explained 8% of the variance in working memory
[1F(3,76) = 2.13, p < 0.05], 17% of the variance in inhibitory
control [1F(3,76) = 2.85, p < 0.01], and 5% of the variance in
delay EF task scores [1F(3,76) = 1.85, p = 0.08] at 25 months.
More specially, among the maternal parenting constructs,
mind-mindedness was the only predictor of working memory
(β = 0.23, p < 0.05) and inhibitory control (β = 0.40, p < 0.01)
but not of delay EF (β = −0.20, p = 0.07) at 25 months. Neither
encouragement of autonomy nor sensitivity were related to any
aspect of EF at 25 months (ps > 0.07).

Predictive Effects of Maternal Parenting
on Executive Function at 38 Months
Table 4 summarizes the results of regression analysis testing
the ability of maternal parenting constructs to predict EF at
38 months. The first (covariate) model accounted for 12, 11, 12,
and 22% of the variance in working memory, inhibition control,
gift delay, and self-delay, respectively. But only the model of
self-delay significantly accounted for the variance [F(1,78)> 4.37,
p< 0.01]. Additionally, for the effects of covariates, only maternal
education was related with working memory (β= 0.29, p< 0.05)
and MDI was related with self-delay (β = 0.49, p < 0.01) at
38 months. In the second model, only the EF delay at 25 months
were negatively related with self-delay at 38 months (β = −0.21,
p < 0.05), while the other EF constructs at 25-months were not
significantly accounted for the variance of the corresponding EF
constructs at 38 months (ps> 0.14).

In the third model, maternal parenting aspects explained
an additional 12% of the variance in inhibitory control
[1F(3,75) = 3.95, p < 0.05], 15% of the variance in gift
delay [1F(3,75) = 5.13, p < 0.01], and 11% of the variance
in self-delay [1F(3,75)= 4.31, p < 0.01]. But only 2% of
the variance in working memory [1F(3,75) = 1.64, ns]. The
performance of maternal parenting aspects in predicting EF
constructs at 38 months varied. For working memory, none
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of the three maternal parenting constructs predicted working
memory at 38 months (ps > 0.19). For inhibitory control,
only mind-mindedness positively predicted inhibitory control
(β= 0.33, p< 0.01), encouragement of autonomy and sensitivity
were not predictive (ps > 0.13). For delay EF, mind-mindedness
and encouragement of autonomy positively predicted gift delay
(respectively, β = 0.22, p < 0.05; β = 0.36, p < 0.01),
encouragement of autonomy positively predicted self-delay
(β = 0.30, p < 0.01), sensitivity was not related with both of
delay EF tasks (ps > 0.18). In sum, mind-mindedness were
predictive of inhibitory control, encouragement of autonomy was
predictive of delay EF, and sensitivity were not related with these
EF constructs.

DISCUSSION

The current study aimed to examine the contributions of
maternal parenting environments in infants’ 1st year to EF at 2
and 3 years of age. We found that maternal mind-mindedness
when infants are aged 9 months predicted inhibitory control
when they reach 2 and 3 years. In addition, in line with our
expectations, maternal encouragement of autonomous behavior
predicted good performance on delay EF tasks at 3 years, whereas
maternal sensitivity had no observable effect on children’s EF.
These results contrast with those reported by Bernier et al. (2010,
2012), which showed that maternal autonomy support 2 years
was the most predictive factor for conflict EF 1 and 2 years later.

Before discussing the effects of maternal parenting aspects
on later EF, it should be noted that – while validated measures
were used – the three constructs of maternal parenting were not
inter-correlated in the 1st year, and coherence across these EF
constructs was not found at 25 months. For maternal parenting,
the uncorrelated results are counter to findings from Bernier

et al. (2012), which showed moderate relationships among the
three constructs in the 2nd year. There are three possible
explanations for this inconsistency. First, the uncorrelated results
among the three constructs in the 1st year in our sample may
suggests that mothers have not formed a consistent parenting
style during the 1st year when they are new mothers. For example,
Meins et al. (2001) have reported no significant correlations
between mother’s encouragement of autonomy and maternal
sensitivity (r = 0.09, ns) or mind-mindedness (r = −0.03, ns)
at 6 months. Second, this may be also due to the culture-
based difference in parenting practice. For example, one study
has shown that mothers in Hong Kong demonstrate less mind-
mindedness than United Kingdom mothers (Hughes et al., 2017).
We also found that mind-mindedness was demonstrated less
frequently by Chinese mothers in this study compared to among
Canadian mothers in Bernier et al. (2010)’s work (in this study,
M = 5.56, SD = 4.30; in Bernier’s work, M = 14.58, SD = 8.71,
t = 6.59, p < 0.01). Third, these uncorrelated relations may be
explained with the perspective of domain-specificity on children’s
socialization. According to Grusec and Davidov (2010), there
are five domains in the process of socialization: protection,
reciprocity, control, guided learning, group participation. These
parenting constructs may correspond to a different domain, with
sensitivity referring to a protection domain, mind-mindedness
referring to reciprocity domain, and encouragement of autonomy
referring to guided learning domain. These different domains
focus on different parenting goals, and thus are not correlated in
the 1st year of life.

Considering the development of EF in this study, the results
showed that the coherence at 25 months is very low, with higher
consistency across those EF tasks at 38 months, consistent with
the results found by Miller and Marcovitch (2015). Miller and
Marcovitch (2015) have suggested that in the 2nd year, children
display very little coherence or stability across a battery of EF

TABLE 1 | Descriptive statistics for parenting and executive function measures.

Missing data rate M (SD) Observed range Theoretical range

Maternal education 0% 3.27 (0.59) 2–4 1–5

Parental education 10.6% 3.24 (0.71) 2–4 1–5

Family income 2.4% 0.04 (1.78) −4.05–3.09 N/A

MDI 6 months 0% 98.8 (5.79) 84–113 N/A

Maternal parenting 9 months

Mind-mindedness 14% 0.04 (0.03) 0–0.12 0–1

Encouragement of autonomy 18% 3.46 (11.74) 6.87–72.79 0–N/A

Sensitivity 18% 0.59 (0.14) 0.09–0.84 −1–1

EF 25 months

Spin the pots (WM) 21% 8.63 (2.73) 4–15 0–16

Reverse categorization (IC) 15% 7.50 (4.23) 0–12 0–12

Externally imposed delay 16% 0.01 (1.77) −2.33–2.95 N/A

EF 38 months

WM span (WM) 27% 6.08 (1.82) 1–11 0–11

Day/night (IC) 30% 10.08 (4.17) 0–16 0–16

Gift delay 25% −0.03 (1.69) −4.17–2.37 N/A

Self-imposed delay 24% 107 (68.45) 0–180 0–180

M, mean; SD, standard deviation; MDI, Bayley Mental Development Index; EF, executive function; WM, working memory; IC, inhibitory control.
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tasks. Our results are consistent with this pattern and extend it
to suggest that there is little stability across EF tasks from 25 to
38 months. In sum, the little coherence in the development of EF
during the first 3 years infers the EF constructs may differentiate
in the early of life. It should be also noted that the first 3 years
always be recognized as a period of significant growth, multiple
timepoint measures may help to display the development of EF
during the early of life.

In contrast with the moderate association of mind-
mindedness with EF, we found no predictive effect of maternal
sensitivity on EF development at 2 or 3 years of age, a pattern
consistent with Bernier et al.’s (2010) study which found
sensitivity to be relatively weakly associated with EF. In the
1990s, maternal sensitivity was found to be the core index
of the quality of mother–infant interaction and the most
efficient predictor of mother–infant attachment. In recent
decades, however, Meins et al. (2001), Meins (2013) have argued
that mind-mindedness is a more efficient predictor of such
attachment. Tomlinson et al. (2005) also suggest that maternal
sensitivity (including responsiveness, acceptance, and warmth) at
2 months was no longer predictive for attachment at 18 months
when considering maternal intrusiveness and remoteness. Thus,
the results of the current study emphasize that children should
be regarded as mental agents and mothers should be attuned
to children’s mental states and explain to them appropriately,
rather than simply perceiving their needs and providing material
support. More importantly, Bernier et al. (2012) reported that the
effect of maternal parenting is attenuated when it is considered
jointly with that of mother–infant attachment in predicting EF
in early childhood. That is, maternal parenting may impact the
development of EF via mother–infant attachment. Thus, in the
1st year, mind-mindedness may be more effective to predict EF
than maternal sensitivity (Meins et al., 2012).

Moreover, maternal mind-mindedness refers to the tendency
to view the child as a mental agent, particularly in the infant’s 1st
years (Meins et al., 2001, 2012). Mothers’ appropriate utterance of
infants’ thoughts/cognitions/emotions promotes infants’ internal
language representation to the external environment. With
internal language processing, infants can complete difficult
and complex cognitive tasks effectively. For example, children
strengthen and extract the rules of the day–night task via internal

language, saying “day” when seeing the moon and “night” when
seeing the sun. Mind-mindedness during infants’ 1st year may be
a more effective predictor than the same aspect in the 2nd year
of later representational ability (Meins et al., 2013), which in turn
can predict EF development 2 years later (Miller and Marcovitch,
2015).

In addition, with consideration of the evidence provided by
Bernier et al. (2010, 2012) suggesting that autonomy support
is a stronger predictive factor than mind-mindedness for EF
development in infants’ 2nd year, mind-mindedness may be
more important for EF development in the 1st year, whereas
encouragement of autonomy may be more important in the 2nd
year, during which infants need more instructions on how to
interact with the environment. It should be noted that although
the concepts of encouragement of autonomy and maternal
autonomy support are similar, it may be that subtle differences
between these contribute to inconsistencies between this study
and prior studies. For future research, the contributions of
maternal parenting during infants’ 1st and 2nd year on later EF
development should be considered within a single sample.

Although we found that maternal mind-mindedness played a
more important role in the development of EF, we also found
that maternal encouragement of autonomy in infants’ 1st year
had a predictive effect mainly on the delay of gratification ability
at the age of 3 years. These findings are consistent with those of
Matte-Gagn and Bernier (2011), who reported that infants who
experience greater autonomy support at 15 months have better
verbal skills at 2 years, and thus better performance on impulse
control EF tasks (delay of gratification) at 3 years; no effect was
observed, however, on working memory or inhibitory control.
In the delay of gratification task, children must use internal self-
regulation, choosing either peek and touch in temporary play
or not peek and wait to receive the toy. Autonomy support
and encouragement of autonomy prompt children’s internal
self-regulation, which results in children making more rational
decisions and solving problems more efficiently. However, the
three aspects of maternal parenting examined in this study
were not predictive of delay EF ability at 25 months of age.
The difference in delay EF tasks given to children at 2 and
3 years of age should be considered. With the externally imposed
task, applied at 2 years of age, children should conform to the

TABLE 3 | Summary Regression results for the prediction of executive function at 25 months.

Working memory Inhibitory control Delay EF

1R2 1F β 1R2 1F β 1R2 1F β

(1) Gendera 0.10 1.80 −0.02 0.06 0.95 0.13 0.11 2.03 −0.26∗

Maternal education −0.20 0.02 0.08

Parental education −0.10 −0.17 0.23

Family income −0.07 0.10 −0.17

MDI 0.19 −0.17 0.08

(2) Mind-mindedness 0.08 2.51∗ 0.23∗ 0.17 5.72∗∗ 0.40∗∗ 0.05 1.49 −0.20

Encouragement of autonomy 0.003 −0.04 0.14

Sensitivity −0.19 0.14 −0.01

aDummy variable (0 = boy, 1 = girl). MDI, Bayley Mental Development Index; EF, executive function. ∗p < 0.05, ∗∗p < 0.01. β is for the final model.
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experimenter’s instruction and inhibit their curiosity (not touch
the toy before the experimenter returns) (Mauro and Harris,
2000). With the self-imposed delay task, applied at 3 years of
age, children need to estimate self-regulating rules and strategies
by themselves (deciding independently whether to play with the
toy for a while or take it home) (Mischel and Ebbesen, 1970;
Kochanska et al., 2000). Our findings suggest that relative to the
self-imposed delay task, maternal parenting did not prompt the
development of externally imposed delay ability.

In addition, we found a discrepancy in the relation of maternal
parenting to EF tasks related to working memory and inhibitory
control. Unlike previous studies, which have examined two
dimensions of EF (conflict and delay EF), we considered EF
constructs separately and found that maternal parenting was
not related positively to working memory at 2 or 3 years of
age. Although we used only one task with proven validity (e.g.,
Hughes and Ensor, 2005; Willoughby et al., 2011) to assess
working memory at 25 and 38 months, the similarity of results
at both time points suggest that the effects of maternal parenting
on working memory may not be as strong as previously thought.
Our results are in accordance with results of a previous study
that shows no positive relationship between maternal scaffolding
and space-related working memory (Hammond et al., 2012).
Working memory differs from inhibitory control in that it
requires only the maintenance and appropriate manipulation
of information, whereas inhibitory control requires children to
inhibit the dominant response and to solve problems using
new rules (Diamond, 2013). Maternal parenting may encourage
children to inhibit the dominant response and rebuild rule
structures, rather than just helping them to maintain information
in the mind. In this study, the MDI was correlated positively
with working memory ability at 2 years of age, which may
primarily indicate that the ability to maintain information
(reflected by working memory) is related to general cognition
(reflected by the MDI). Further studies should examine the
mechanism accounting for this difference in the relationships
of maternal parenting to working memory and inhibitory
control.

Limitations
The results of the present study, conducted with a Chinese
sample, suggest that mind-mindedness and encouragement of
autonomy at infants’ age of 9 months are predictive of EF
development at 3 years, with the former being more predictive
of inhibitory control and the latter being more predictive of
delay EF ability. Although we report new evidence for the
effect of maternal parenting during infants’ 1st year on later EF
development, the results must be interpreted carefully.

First, although this study has a conclusion that mind-
mindedness is more important in the 1st years to the EF
development at 2 and 3 years, with no intensive observation at
multiple time points, we could not identify aspects of maternal
parenting that are most important for EF development during the
entire childhood period. As the correlation analysis in this study
showed that parenting behavior was not as stable as expected, and
its effects on outcomes in children vary across early childhood,
future research should include more intensive measure time
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points and assess both maternal parenting aspects and EF at each
time.

Second, although the discrepancies between the results of
this study and those of previous studies may be due to the
differences in effects of maternal parenting in Western and
Chinese cultures, they cannot be explained entirely by cultural
factors. Differences in experimental materials and procedures
may also have effects, and this study was not cross-cultural. Thus,
future research should include cross-cultural and longitudinal
elements to properly examine related effects of parenting on
children’s EF development.

CONCLUSION

In sum, despite its limitations, this study is the first, to our
knowledge, to examine the predictive effect of maternal parenting
quality at 9 months on EF task performance at 2 and 3 years of age
in a Chinese sample. The results suggest that mind-mindedness
is the strongest predictive factor for inhibitory control when
children are 2 and 3 years of age and that encouragement of
autonomy is the strongest predictor of delay of gratification
ability when children were 3 years of age.
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