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ARTICLE INFO ABSTRACT

Keywords: Parents and other primary caregivers affect the development of children’s self-regulation in myriad ways,

Self-regulation including via the parent’s own self-regulation abilities. Ample evidence supports the association between mother

Appetite self-regulation and child self-regulation, yet this has never been experimentally assessed with regard to appetite self-regulation,

g:sff:eranonal the self-regulation of food intake. This study sought to explicitly test the associations between mother and child

Preschool self-regulation across 3 domains: (1) appetite, (2) attentional control, and (3) inhibitory control. A community
sample of 88 mother-preschooler dyads (ages 3-5) participated in this cross-sectional, experimental study. Re-
sults demonstrated that maternal self-regulation was significantly positively associated with child self-regulation
in the appetite domain, b = 0.52, t(63.54) = 2.39, p = .020, but not for attentional or inhibitory control. These
results add to the literature on parental influences on self-regulation development in early childhood and suggest
that patterns of mother-child associations may vary across domains of self-regulation.

Introduction Domains of self-regulation

Self-regulation (SR), the ability to regulate one’s own cognition,
behavior, and emotion (Bandura, 1991; Karoly, 1993; Rueda, Posner, &
Rothbart, 2005), is a major achievement of early childhood (Shonkoff &
Phillips, 2002; Kopp, 1982). Individual differences in SR abilities appear
around age 3 years (Carlson, Mandell, & Williams, 2004), and show
dramatic growth through age 5 years (Diamond, 2002). Early assess-
ments of SR predict short- and long-term outcomes such as school
readiness, social competence, physical health, career success, and rela-
tionship harmony (Henry, Caspi, Moffitt, Harrington, & Silva, 1999;
Moffitt et al., 2011; Normandeau & Guay, 1998). Preschoolers (defined
here as children 3-5 years old) with poor SR are at risk for negative
outcomes in all of these areas. A large body of work has demonstrated
the importance of both parenting practices and a parent’s own SR in the
development of SR in early childhood (e.g., Bridgett, Burt, Edwards, &
Deater-Deckard, 2015; Saltzman, Fiese, Bost, & McBride, 2018; Spruijt,
Dekker, Ziermans, & Swaab, 2018). However, SR takes several forms (e.
g., Bridgett et al., 2015), and how parent-child SR associations vary by
domain has not yet been investigated. In this paper, we sought to add to
this literature by experimentally measuring three forms of SR in mothers
and children, and investigating the degree to which mother-child asso-
ciations vary by domain.

While some theories of SR development speak of the construct as a
unitary process (e.g., Carver, Johnson, Joormann, & Scheier, 2015),
most recognize that the ability to engage reflective, deliberate control
across multiple targets is a complex, multicomponent construct (Mont-
roy, Bowles, Skibbe, McClelland, & Morrison, 2016). Some studies
investigating the development of SR have operationalized it via con-
structs believed to underlie SR, such as executive functioning (EF),
attentional control, and effortful control (Karoly, 1993; Lin, Liew, &
Perez, 2019; Nigg, 2017; Spruijt et al., 2018). These constructs are
closely related, with attentional control thought to serve as a foundation
on which the three components of EF—inhibitory control, working
memory, and cognitive flexibility—build during development (Garon,
Bryson, & Smith, 2008; Spruijt et al., 2018). Indeed, many SR re-
searchers choose to combine across measures of SR to create a composite
representing average SR ability across domains (e.g., Kochanska, Coy, &
Murray, 2001).

Other models of SR argue that these domains should be considered
distinct, varying based on the degree of emotion involved (e.g., Bridgett
et al., 2015; Hongwanishkul, Happaney, Lee, & Zelazo, 2005; Lin et al.,
2019; Metcalfe & Mischel, 1999; Willoughby, Kupersmidt, Voegler-Lee,
& Bryant, 2011). Here, “hot” SR is engaged during affectively arousing
situations, whereas “cool” SR is recruited during emotionally neutral
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situations. Indeed, although they are significantly positively associated,
the correlations between hot and cool SR measures are usually in the
small-to-medium range (e.g., Lin et al., 2019), indicating that they may
index different processes. Data on long-term outcomes associated with
early childhood SR assessments support such divisions, with hot and
cool measures uniquely predicting different long-term outcomes (Kim,
Nordling, Yoon, Boldt, & Kochanska, 2013; Welsh & Peterson, 2014;
Willoughby et al., 2011). For example, early affective forms of SR pre-
dict later observed emotional and social competency (Brock, Rimm-
Kaufman, Nathanson, & Grimm, 2009; Hongwanishkul et al., 2005;
Kim et al., 2013; Willoughby et al., 2011), whereas measures of non-
emotional SR predict later academic achievement (Becker, Miao, Dun-
can, & McClelland, 2014; Blair & Razza, 2007; Kim et al., 2013;
McClelland et al., 2007; Willoughby et al., 2011). However, not all
empirical evidence supports this hot/cool model. For example, a recent
study found that, compared to a two-factor model, a single SR factor
better represented data from both hot and cool tasks gathered in chil-
dren 4-6 years old (Lin et al., 2019). Thus, although we still have much
to learn about how different domains of SR function in early childhood,
this literature suggests that patterns of SR can vary meaningfully based
on the emotional nature of the target.

Appetite self-regulation

One form of hot SR that has garnered recent attention is appetite self-
regulation, the self-regulation of eating via both hunger and satiety
(Russell & Russell, 2020). While appetite SR takes many forms (e.g.,
restrained eating, emotional eating), we focus here on the ability to
resist tempting foods in the moment in favor of a longer-term gain (e.g.,
improved health), which has been identified as a possible pathway in the
development of high body weight in childhood (Caleza, Yanez-Vico,
Mendoza, & Iglesias-Linares, 2016). This construct has been referred to
by several terms in the literature, including food craving self-regulation,
appetitive self-regulation, and energy-intake self-regulation (e.g., Giu-
liani & Berkman, 2015; Russell & Russell, 2020; Saltzman et al., 2018),
and deficits in this domain are associated with high weight in adults
(Stoeckel et al., 2017) and children (Epstein & Anzman-Frasca, 2017;
Francis & Susman, 2009). Appetite SR is strongly related to measures of
non-appetite SR (e.g., Anderson & Keim, 2016; Russell & Russell, 2020),
but the two domains are also believed to be distinct (see Liew, Zhou,
Perez, Yoon, & Kim, 2020). Like with non-appetite SR (which, like
Russell & Russell, 2020, we refer to here as “general SR™), parents play a
large role in the development of appetite SR through their attachment
relationships, interactions with their children, and feeding practices
(Bergmeier et al., 2020; Russell, Londhe, & Britner, 2013; Saltzman
et al., 2018). Although this focus has generated important interventions
designed to improve parental responsiveness and associated child out-
comes (e.g., Daniels et al., 2014), children’s appetite SR may be directly
related to how well their parents are able to engage self-regulation with
regard to food.

Intergenerational transmission of self-regulation

A growing amount of literature has demonstrated the intergenera-
tional transmission of general SR (e.g., Boutwell & Beaver, 2010;
Bridgett et al., 2015; Cuevas et al., 2014; Cuevas et al., 2014; Distefano,
Galinsky, McClelland, Zelazo, & Carlson, 2018). Ecological models,
which emphasize the importance of both proximal and distal factors,
posit that parents transmit SR to their children through interactions
between biology, socialization, and the environment (Bronfenbrenner &
Morris, 2006). In other words, biological bases of parents’ SR are
inherited by their children, parents teach SR to their children, and these
processes are influenced by contextual factors in the home and society
(Bridgett et al., 2015; Deater-Deckard, 2014; Rueda et al., 2005). Par-
ents and children show significant congruence of SR and related con-
structs (Boutwell & Beaver, 2010; Cuevas, Deater-Deckard, Kim-Spoon,
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Watson, et al., 2014; Cumberland-Li, Eisenberg, Champion, Gershoff, &
Fabes, 2003), which have been shown to reach stability at 48 months
(Cuevas, Deater-Deckard, Kim-Spoon, Watson, et al., 2014).

The bulk of this literature has focused on single domains of cool,
general SR subprocesses such as EF, which show consistent small-to-
moderate correlations (rs = 0.19-0.35) between mother and child task
performance (e.g., Cuevas, Deater-Deckard, Kim-Spoon, Watson, et al.,
2014; Kao, Nayak, Doan, & Tarullo, 2018). However, we do not yet
know whether experimental measures of appetite SR show this same
congruence between parents and children. The emphasis on general SR
in the intergenerational transmission literature may be for several rea-
sons. First, general SR constructs such as EF underlie important pro-
cesses such as social and cognitive functioning in children (Diamond &
Lee, 2011) and caregiving behaviors in parents (Cuevas, Deater-
Deckard, Kim-Spoon, Watson, et al., 2014). Second, many of the tasks
used to measure general SR across the life span are conceptually similar,
which can help simplify the practical challenges of assessing a single
construct in multiple individuals who are at different ages and ability
levels. For example, the National Institutes of Health Toolbox Cognition
Battery (NIHTB-CB; Weintraub et al., 2013) has normed two versions of
the Flanker Inhibitory Control and Attention test, one for individuals age
3-6 years and one for individuals age 7-85 years, making it somewhat
more straightforward for investigators to assess this domain of general
SR in children and parents relative to similar-age peers.

Intergenerational transmission of appetite self-regulation

In addition to the literature on the intergenerational transmission of
general SR, the broader eating literature also sheds light on how appetite
SR may be passed from parents to children. Appetite SR is thought to
underlie eating behaviors characterized as disinhibited such as over-
eating and binge eating (e.g., Johnson, Pratt, & Wardle, 2012; Powell,
Frankel, & Hernandez, 2017). Indeed, consistent parent-child links in
these and other eating behaviors have been documented in both ado-
lescents (e.g., de Lauzon-Guillain et al., 2009; Zocca et al., 2011) and
younger children (e.g., Carper, Fisher, & Birch, 2000; Farrow, Haycraft,
& Blissett, 2015; Jahnke & Warschburger, 2008; Yelverton et al., 2021).
Much less work, however, has experimentally investigated parent-child
associations in the SR processes thought to underlie these behaviors,
such as appetite SR. Identification of these underlying mechansims is
important for the ongoing creation and refinement of interventions to
improve eating behaviors in children and families.

Appetite SR can be experimentally investigated in the laboratory
using delay of gratification, “the ability to resist temptation in favor of
long-term goals” (Casey et al., 2011, p.14998). Parents shape the
development of this skill via direct teaching and by modeling these
behaviors through the ways they interact with food, talk about food, and
feed their children (Golan & Bachner-Melman, 2011; Russell et al.,
2013). In addition, parenting style affects appetite SR in children, such
that better delay of gratification is seen in children with authoritative
parents (Mauro & Harris, 2000) who display an optimal level of active
involvement in supporting their child during the task (Russell et al.,
2013). These findings are similar to those in the domain of non-food,
emotional SR, where parents also work to support the development of
SR in their children through teaching, modeling, and socialization
(Morris, Silk, Steinberg, Myers, & Robinson, 2007). The studies that
have investigated parent-child congruence of non-food, emotional SR
have mostly used parent-report measures and shown inconsistent cor-
relations between mother-reported mother and child emotion SR (e.g.,
Are & Shaffer, 2016; Morelen, Shaffer, & Suveg, 2016). Only one recent
study experimentally assessed child emotional SR but did not find a
direct effect of mother-reported use of one regulation strategy, cognitive
reappraisal, on later child emotional SR behavior (Tan & Smith, 2019).
Therefore, directly assessing appetite SR in parents and children using
validated tasks is crucial to better understand how parents affect the
development of appetite SR in their children.
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In the Delay of Gratification tasks used to assess appetite SR in
preschool-age children, food is presented as the tempting stimulus, and
the ability to resist this temptation is associated with later outcomes
including academic achievement, behavior, and weight (Seeyave et al.,
2009; Watts, Duncan, & Quan, 2018). For adults, we can experimentally
assess appetite SR using a Food Craving Self-Regulation task, where
participants are asked to choose a preferred unhealthy food and reduce
their desire for that food by thinking of the long-term negative conse-
quences of eating it (Giuliani, Calcott, & Berkman, 2013). This strategy
is a form of cognitive reappraisal, the process of changing the way one
thinks about a stimulus to change its effect (Gross, 1998), which has
been shown to effectively reduce temptation (Magen & Gross, 2007).
Indeed, this Food Craving Self-Regulation task is conceptually quite
similar to Delay of Gratification tasks (Murray & Kochanska, 2002),
where children are presented with an enticing snack and then control
their desire to eat it right away to gain a second snack.

The present study

We do not yet know whether experimental measures of appetite SR
in children will be correlated with experimental measures of appetite SR
in their parents. It is also important to investigate the parent-child
congruence of other SR subprocesses in this work to better understand
the specificity of the associations. We chose two candidate processes,
inhibitory control as a core component of EF, and attentional control as
the foundation upon which EF components build across development
(Garon et al., 2008; Spruijt et al., 2018). In addition, tasks indexing these
two processes are frequently used to investigate general SR in adults and
children, and do not contain any food, reward, or other affective com-
ponents. We also chose to focus on the biological mothers, to be
consistent with previous work in this area and reduce variability.
Therefore, this study had two primary aims. First, we aimed to examine
the degree to which experimental tasks assessing mother and child
appetite SR were associated with each other. We hypothesized that there
would be a positive correlation between mother performance on the
Food Craving Self-Regulation task and child performance on the Delay
of Gratification task, controlling for child age and sex. Second, we aimed
to test the specificity of this effect by comparing the strength of the
mother-child appetite SR association with that of attentional and
inhibitory control. We hypothesized that mother and child SR would be
positively associated across all three types of SR, and were agnostic as to
which type would show the strongest mother-child association.

Materials and methods
Participants

A community sample of 88 mother-child dyads (46 male children)
living in a medium-sized city in the Pacific Northwest of the United
States of America participated in the study. We conducted an a priori
power analysis in G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) to
determine the minimum number of participants to achieve sufficient
power for the congruence between mother and child SR. A minimum
sample size of 77 mother-child dyads was necessary to detect a medium
effect size at 80% power with an alpha of 0.05 and 3 predictors.

Families were recruited via physical and online flyers. In order to
participate, mothers had to be over age 18 years of age and the bio-
logical mother of a child between the ages of 3-5 years-old who had not
yet entered kindergarten. Exclusion criteria were if mothers had less
than half-time custody of the child, had a history of significant neuro-
logical disorder, or were taking medication that affects cognitive func-
tion,; if the child had a developmental delay or sensory impairment or the
mother believed the child could not participate in the study successfully;
or if the family was involved in child welfare or reported that their
primary language was not English. Mothers were between 20 and 43
years (M = 33.07, SD = 5.14). Families were representative of the
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metropolitan area: most mothers and children were White (mothers:
89.8%; children: 84.1%), and 82.9% of mothers reported living with the
child’s father. Full demographic information is in Table 1. All study
procedures were approved by the University’s Committee for the Pro-
tection of Human Subjects, and families received $120 for participation
in both parts of the study ($60 per session).

Procedure

The study involved two visits to the lab, roughly a week apart.
During the first visit, mothers provided informed consent, children
completed the self-regulation assessments described below, and the
mothers completed a survey of family demographics. Additional child
assessments, mother surveys, and video recorded parent-child interac-
tion tasks were conducted during the visit but are not reported because
they are not the focus of this paper. Only the mothers were invited for a
second visit, where they completed behavioral measures of self-
regulation while undergoing functional magnetic resonance imaging
(fMRI; also not reported here).

Measures

Family demographics

Child Age, Sex, Race/Ethnicity. Mothers were asked to report the
birth date, sex, and race and ethnicity of their child. From that, age was
calculated as the number of days between the child’s birth and the
session date, divided by 365.25.

SES. Mothers reported the gross family income and her highest level
of educational attainment by degree. Degree earned was then trans-
formed into years of education, where high school diploma or GED =12,
Associate = 14, Bachelor’s = 16, Master’s = 18, and Doctoral = 22.

Table 1
Demographic information of participants.
Demographics M (SD) %
Child Demographics
Age (years) 4.05 (0.76)
Female 47.70%
Race/Ethnicity
White 85.23%
Asian 1.14%
Hispanic 1.14%
Multiracial 11.36%
Native American/Indian 1.14%
Preschool attendance 68.18%
Mother Demographics
Age (years) 33.07 (5.14)
Race/Ethnicity
White 89.77%
Asian 1.14%
Hispanic 1.14%
Multiracial 5.68%
Not Reported 2.27%
Highest level of education (years) 15.15 (2.47)
High school or less 25.00%

Vocational or trade school 4.55%

Community college (2-year) 14.77%
College (4-year) 30.68%
Graduate or professional school 25.00%
Relationship status
Married 79.55%
Cohabitating 7.95%
Divorced or separated 4.55%
Not in a relationship 7.95%

Household demographics

Gross family income $68,593.96 ($46,184.31)
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Child self-regulation tasks

Appetite Self-Regulation. In contrast to the original Snack Delay
task (Murray & Kochanska, 2002), we asked children to choose a
preferred snack from an array of fruit snacks, M&Ms., and goldfish
crackers to elicit higher food cravings. The experimenter placed the
snack on a napkin in front of the children and asked them to wait until
she rang a bell before retrieving it. The child was then told that they
would receive a second snack if they were able to wait until the bell was
rung. Four trials were conducted in which the child had to wait 30, 60,
120, and 180 s. Halfway through each trial, the experimenter picked up
the bell as if she was about to ring it. For each trial, the child was given a
score representing waiting behavior: 0 (eats the snack before the bell is
lifted), 1 (eats the snack after the bell is lifted), 2 (touches the bell or
snack before the bell is lifted), 3 (touches the bell or snack after the bell
is lifted), or 4 (waits for bell to ring before touching snack or bell). These
codes were recorded in vivo by a second experimenter who was visible
to the mother and child but positioned to be as unobtrusive as possible.
The final score was the average score over four trials, such that a child
with an average score of 0 ate the snack before the bell was lifted for all
trials, and a child with an average score of 4 waited until the bell was
rung for all trials.

Attentional Control. Attentional control was measured using a
Flanker task administered via the NIH Toolbox Cognition Battery, which
was adapted from the Attention Network task (Rueda et al., 2004).
Children were presented with a stimulus on the center of a tablet screen
and were required to indicate the left-right orientation while inhibiting
attention to the stimuli flanking it. On some trials, the orientation of the
flankers was congruent with the orientation of the central stimulus and
on the other trials, the flankers were incongruent. The test consisted of a
block of 20 fish trials (designed to be more engaging and easier to see
and to make the task easier for children) and a block of 20 arrow trials,
shown only if the participant scores >90% on the fish stimuli. The NIH
Toolbox uses a two-vector method to score performance, which in-
corporates both accuracy and reaction time (RT) for participants who
maintained a high level of accuracy (> 80% correct) and accuracy only
for those who did not meet this criterion. Computed scores resulting
from this two-vector calculation were used in our analyses.

Inhibitory Control. Inhibitory control was measured using the Go/
NoGo (GNG) task. Due to the newness of both age-appropriate GNG
paradigms available to the research team, the decision was made a priori
to use two GNG tasks for this study. First, children performed the Zoo
Game (detailed in Grammer, Carrasco, Gehring, & Morrison, 2014).
Briefly, the task asked children to help a zookeeper put animals back in
their cages by pressing a button as quickly as they can (Go [G] trials),
unless they see Fred, a monkey who is helping the zookeeper (NoGo
[NG] trials). The task began with three practice blocks in which children
can practice (1) pressing the button on the laptop when they see an
animal, (2) pressing the button within a certain time limit, and (3)
practice inhibiting their response when they see the monkey. To increase
the salience of the task, feedback was added at the end of each trial, such
that children saw a smiling face if they correctly withheld their response
on NG trials and a mad face if they either pressed the button on NG trials
or did not press the button on G trials. Timing of this task was modified
for the age range of the children in this study by increasing the duration
of the stimulus presentation and decreasing the number of trials. As
such, each trial began with a 500-700 ms jittered fixation cross, 1200 ms
stimulus presentation, 500 ms black screen, and 1000 ms feedback.
Responses could be made while the stimulus was on the screen or at any
point during the following 500 ms. A total of 90 trials were completed,
25% of which were NG. Percent correct was calculated across both types
of trials.

We also asked children to complete the Fish GNG task from the Early
Years Toolbox (detailed in Howard & Okely, 2015). Briefly, the task asks
children to respond to G trials (“catch fish,” 80% of trials) and withhold
responding on NG trials (“avoid sharks,” 20% of trials). The task begins
with go instructions followed by 5 practice go trials, no-go instructions
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followed by 5 practice no-go trials, combined GNG instructions followed
by a mixed block of 10 practice trials (80% go trials) and a recap of
instructions prior to the task commencing. Feedback in the form of
auditory tones was provided on all practice trials. The task itself did not
contain feedback and comprised 75 test stimuli divided evenly into three
test blocks (each separated by a short break and a reiteration of in-
structions). Stimuli were presented in pseudo-random order, such that a
block never began with a no-go stimulus and no more than two suc-
cessive trials were no-go stimuli, separated by a 1000 ms interval be-
tween stimuli. Percent correct was calculated across both types of trials.
Due to computer error, data from 15 participants were not recorded.
Because both GNG tasks seemed to work well for our participants, the
decision was made to create a composite of GNG task performance
across both tasks (r = 0.439, p < .001) by z-scoring and averaging
performance.

Mother self-regulation tasks

Appetite Self-Regulation. Appetite SR was measured using a Food
Craving Self-Regulation task. In this task (Giuliani et al., 2013; Giuliani
& Pfeifer, 2015), participants were presented with a series of personally-
craved high-calorie food categories (e.g., chocolate, cookies, donuts,
fries, ice cream, pasta, pizza) and instructed to select their least and most
craved from the menu. Exemplars from those categories were then
viewed under two instructions: passive viewing (look) or imagining
negative consequences of consumption (regulate). Under the “look”
condition, participants were instructed to imagine the food was real and
in front of them and respond naturally about their desire to eat the food.
The participants were presented with the following regulation strategies
and allowed to choose which strategy to use: (1) thinking of the short- or
long-term negative consequences of eating the food; (2) imagining the
food has been contaminated; (3) focusing on a sensation of feeling full;
or (4) imagining that they are viewing the food from a distance. Par-
ticipants were trained on how to use the regulation strategy before
entering the MRI scanner, and were instructed to use the same strategy
anytime they saw the “regulate” instruction. Each of the 60 trials con-
sisted of an instruction (2 s), a food picture (5 s), and a prompt to rate
one’s desire to consume the food on an anchored, 5-point Likert scale
from 1 (not at all) to 5 (very much; 4 s). These scores were recorded via
button press. Appetite SR was measured by regulation success (look
ratings minus regulate ratings) for each participant’s chosen craved food
category, such that a larger number indicated greater regulation ability.

Attentional Control. An adapted arrow version of the Flanker task
(Barker, Troller-Renfree, Pine, & Fox, 2015; Eriksen & Eriksen, 1974)
was administered using the E-Prime software (Psychology Software
Tools, Inc., Sharpsburg, PA). On each trial, participants viewed five
horizontal arrowheads. On half of the trials the arrowheads were
congruent (<<<<<, >>>>>), and on the other half the arrowheads
were incongruent (<<><<, >><>>). The order of presentation of the
arrowheads was random. All were presented for 200 ms, followed by an
intertrial interval that varied randomly from 700 to 1100 ms that either
followed the response or began 800 ms after stimulus onset (whichever
occurred first). Attentional control was measured by accuracy, calcu-
lated as the number of correct trials divided by the total number of trials
with a response, for incongruent trials minus congruent trials (such that
a larger number indicated better attentional control).

Inhibitory Control. This GNG task was based on a validated task
structure (Berkman, Burklund, & Lieberman, 2009) in which partici-
pants were presented with blocks of stimuli depicting cups and animals.
For half the blocks, participants were instructed to press a button each
time they saw a picture of cups (Go [G] trials, 80% of stimuli) and not
when they saw a picture of an animal (NoGo [NG] trials, 20% of stimuli).
The other half of the blocks were reversed, where the G stimuli were
animals and NG were cups. Each of the 10 blocks began with a 5 s in-
struction cue, followed by 50 stimuli presented for 1 s each and sepa-
rated by fixation-cross baseline ISI that varied in duration from 167 to
500 ms (M = 333 ms). Inhibitory control was measured by accuracy,
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calculated as the percent of trials in which participants correctly pressed
a button for the G stimulus and withheld the button press for the NG
stimulus.

Analyses

Study variables were assessed for skew and kurtosis; variables with a
skewness over 1 or kurtosis over 2 were transformed to improve distri-
butions and re-assessed. Mother GNG was the only variable identified as
non-normally distributed; the distribution was greatly improved by
transformation using the transformTukey function in the R package
rcompanion (Mangiafico, 2019), which follows the Tukey’s Ladder of
Powers principle to improve skewed distributions. This transformed
variable was used for all subsequent analyses. A missing data analysis
revealed that, from the children, 7 participants were missing data from
the Flanker task and 3 were missing data from the GNG tasks. For the
mothers, 8 were missing data from the Flanker task, 9 were missing data
from the GNG task, and 9 were missing data from the Food Craving Self-
Regulation task. The majority of the data points lost were due to an
intermittent file saving error that prevented some files from being saved
on the tablet used to collect the child data, and several hard crashes of
the MRI scanner computer used to record the mother behavioral data,
which is considered to be missing completely at random. Therefore, we
imputed all the missing data using multiple imputation implemented
using the mice package in R (van Buuren & Groothuis-Oudshoorn, 2011).

All analyses were run using R version 4.0.3 (R Core Team, 2019), and
child age and sex were included as covariates in all models due to evi-
dence supporting the effect of both variables on child SR (Diamond,
2002; Hosseini-Kamkar & Bruce Morton, 2014). Mother and child SR
congruence was tested using a separate linear regression model for each
domain; variables were z-scored to compare across models. Additional
exploratory analyses investigating the effects of maternal education and
gross family income were run by creating separate linear regression
models for each SR domain and exploratory SES variable, each of which
included an interaction term for SR x SES. We also explored the
moderating effect of child sex on the association between mother and
child SR by domain.

Results

Data summarizing mother and child behavior on each of the SR tasks
are presented in Table 2. Zero-order correlations among continuous
variables (for both confirmatory and exploratory analyses) are presented
in Table 3. In support of Hypothesis 1, mother appetite SR was signifi-
cantly associated with child appetite SR in a regression model including
child age and sex, b = 0.52, 95% CI [0.09, 0.4], SE = 0.22, t(63.54) =
2.39, p =.020 (Fig. 1a). With regard to Hypothesis 2, mother attentional

Table 2
Task variable descriptive statistics.
Statistic N M SD Range
Child Measures
Snack Delay (score 0-1 x 4 trials) 88 2.01 1.66 0.00-4.00
Flanker (computed score) 81 2.52 1.91 0.00-7.06
Zoo GNG (% correct) 83 51.69 14.38 8.52-68.24
Fish GNG (% correct) 66 66.27 16.87 0.83-100
Mother Measures
Food Craving Self-Regulation (LC-RC) 80 1.68 1.01 —2.80-3.75
Flanker (% correct, incongruent- 80 —10.03 9.45 —52.00-
congruent)* 0.00
GNG (% correct) 79 95.21 5.62 57.80-99.40

Note. Raw data are shown here; outliers were winsorized at 3 standard de-
viations from the mean for analyses (marked with an *). GNG = Go/NoGo task;
LC = Look Crave condition of the Food Craving Self-Regulation task; RC =
Regulate Crave condition.
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Table 3
Zero-order correlations between continuous variables.

Variable 1 2 3 4 5 6 7

1. Child Snack
Delay score
2. Child 0.24*
Flanker
computed
score
3. Child GNG 0.18 0.57**

composite
4. Mother Food ~ 0.27*  0.31**  —0.02
Craving Self-
Regulation
5. Mother 0.11 0.16 0.06 0.10

Flanker %
correct

6. Mother 0.08 0.21 —0.05 0.10 0.14
GNG

7. Mother 0.15 0.28* 0.30**  0.09 0.26*  0.24*
education
(years)

8. Gross family ~ 0.23*  0.37**  0.41**  0.09 0.01 0.24*  0.54**
income’ ($)

Note. Correlations were run on the pooled estimates from multiply imputed data
sets. GNG = Go/NoGo task.

¥ variable transformed.

" p<.05.

" p<.0L

and inhibitory control were not significantly associated with child
attentional and inhibitory control, respectively (attentional control,
Fig. 1b: b = 0.02, 95% CI [—0.02, 0.02], SE = 0.02, t(67.58) = 0.90, p =
.369; inhibitory control, Fig. 1c: b = —0.34, 95% CI [—1.27, 0.58], SE =
0.47, t(52.69) = —0.73, p = .472). Full models are presented in Table 4.
Fig. 2 shows the 95% confidence intervals of all three models to facilitate
direct comparison.

Additionally, we explored the effects of two separate but comple-
mentary measures of family socioeconomic status (SES; i.e., maternal
years of education and gross family income) on these variables and main
effects. Child attentional control was significantly associated with
maternal education, b = 0.23, 95% CI [0.03, 0.43], SE = 0.10, t(39.55)
= 2.22,p =.032, but not gross family income (p = .20). Neither metric of
SES moderated the association between mother and child measures of
SR (moderation of mother-child appetite SR association by maternal
education, b =0.17,95% CI [—0.01, 0.36], SE = 0.10, t(48.58) = 1.82,p
= .075; all other ps > 0.50). Child sex also did not moderate the asso-
ciation between mother and child SR (ps > 0.29). Full models are
available in the supplementary material available online (https://gith
ub.com/giuliani-lab/mother-child-SR).

Discussion

In this study, we sought to determine the cross-sectional association
between experimental measures of parent and child appetite SR in a
community sample of mother-preschooler dyads, and investigate the
specificity of mother and child SR congruence across three separate
forms of SR (appetite SR, attentional control, and inhibitory control).
This work adds to the literature on the intergenerational transmission of
eating behaviors by investigating the associations between experimental
measures of mother and child appetite SR, and explicitly comparing
maternal influences on child SR across three separate forms of SR in the
hot and cool domains.

In support of our first hypothesis, we found that maternal appetite SR
was significantly and positively associated with child appetite SR;
mothers who displayed better regulation abilities on the Food Craving
Self-Regulation task were more likely to have children who were able to
wait for an extra treat during the Snack Delay task. The size of this effect
was in the same small-to-medium range as has been established in
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Fig. 1. Plots visualizing regression models investigating associations between mother and child SR. Note. Visualization of the three regression models investigating
associations between mother and child SR by domain: (a) appetite self-regulation, (b) attentional control, and (c) inhibitory control. All three regression models
control for child age and sex; dots represent raw data, and shaded regions represent the standard error. SR = self-regulation.

Table 4
Results of the multiple regression analyses by self-regulation domain.
Predictor b se t P R?
a) Appetite self-regulation 0.100
Intercept 0.204 0.957 0.213 0.832
Mother Food Craving SR 0.518 0.217 2.386 0.020*
Child sex 0.442 0.348 1.271 0.208
Child age 0.172 0.233 0.741 0.461
b) Attentional control 0.410
Intercept -3.723 0.975 —3.818 0.000**
Mother Flanker % correct 0.019 0.021 0.904 0.369
Child sex 0.191 0.336 0.569 0.571
Child age 1.550 0.218 7.106 0.000%*
¢) Inhibitory control 0.308
Intercept —2.532 0.523 —4.844 0.000%*
Mother GNG —0.342 0.472 —0.725 0.472
Child sex 0.099 0.170 0.579 0.564
Child age 0.660 0.112 5.894 0.000%*

Note. The dependent variable for all regressions was child self-regulation (SR)
for that domain (appetite SR: Snack Delay score; attentional control: Flanker
computed score; inhibitory control: GNG composite). All parameters were
calculated using pooled estimates from multiply imputed data sets. GNG = Go/
NoGo task.

¥ variable transformed.

" p<.05.

" p<.01.

previous investigations of parent-child associations of general SR. Pre-
vious work investigating parent-child associations of other types of hot
SR—which has only focused on emotion regulation to date—has found
inconsistent intergenerational transmission effects. This finding adds to
this literature by directly measuring mother and child appetite SR, and
demonstrating for the first time that laboratory measures of SR in the

domain of food are associated in mothers and their preschool-age chil-
dren. The broader literature on the intergenerational transmission of
eating behaviors suggests that parent modeling could be one mechanism
through which children acquire this form of regulation, similar to other
forms of emotional SR. Parents can model their strategies for making
healthy food choices and waiting for treats, just as they model strategies
for coping with frustration when something vexing occurs for young
children. Similarly, the ways in which parents feed their children can
impede or facilitate the development of appetite SR in childhood
(Rollins, Savage, Fisher, & Birch, 2016).

Our data did not support our second hypothesis, that there would be
a significant positive association between mother and child measures of
the two domains of general SR that we investigated, attentional and
inhibitory control. We found the relative lack of mother-child congru-
ence for general SR compared to appetite SR to be surprising because the
tasks used to assess mother and child attentional and inhibitory control
were conceptually more similar to each other (i.e., attentional control
was indexed using the Flanker task for both mother and child, and
inhibitory control using the GNG task for both mother and child) than
the ones we used for appetite SR. These results are also in contrast to
previous mother-child investigations of general SR, which found
consistent small-to-moderate positive associations between mother and
child task performance on EF tasks (e.g., Cuevas, Deater-Deckard, Kim-
Spoon, Watson, et al., 2014; Kao et al., 2018) and measures of related
constructs such as effortful control (e.g., Zhou, SooHoo, Zhou, Perez, &
Liew, 2019).

There are several potential reasons for the null associations we
observed in the general SR domain. First, our findings may differ from
the literature because we solely relied on behavioral measures of
different domains of SR rather than using a combination of behavioral
measures, observation, and self-report. Although the attentional and
inhibitory control scores were significantly positively correlated among
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Fig. 2. Associations between mother and child self-regulation by domain. Note. Parameter estimates and 95% confidence intervals for the associations between
mother and child self-regulation (SR) by domain: attentional control [—0.07, 0.26], inhibitory control [-0.22, 0.15], and appetite self-regulation [0.06, 0.48]. All
analyses controlled for child age and sex. All SR variables are z-scored to facilitate direct comparison across domains. Circles indicate parameter estimates.

the children (r = 0.57), they were not among their mothers (r = 0.14). In
addition to precluding the creation of a composite measure, this low
correlation in the mothers may also indicate another issue with the tasks
used in this study. Specifically, the tasks we used in adults may have
captured something different than what we intended to measure—and
different than what we measured in children. This could be for a few
reasons: to begin with, the Flanker scores were calculated slightly
differently for mothers compared to children (a computed score based
on accuracy and reaction time for children, and accuracy only for
mothers), which could have added noise to the data. In addition, the
data were also collected in different environments, because children
were assessed in the lab with their mothers present and mothers did
their tasks while undergoing fMRI. However, the fact that we did find a
significant association between the two appetite SR tasks collected in
these different environments suggests that perhaps it may be more due
to the tasks we used for general SR as opposed to the environmental
context. The low correlation between general SR measures in the
mothers is a limitation of this study, and further work is needed to
explicate the cause. Second, the strength of the association between
parent and child measures of EF has been found to increase with child
age (Cuevas, Deater-Deckard, Kim-Spoon, Wang, et al., 2014), so it may
very well be that the non-significant associations between mother and
child measures of general SR we observed in the relatively narrow age
range of children recruited for this study would increase in strength as
children age. Gathering these measures from a larger sample of mothers
and children with a broader age range would be useful to address this
point; our results can be used as estimates of effect size for these future
studies. Regardless, our finding demonstrating specificity of parent-
child SR association to the appetite domain supports the continued
investigation of SR domains separately.

Limitations and future directions

In addition to those mentioned above, this study had several limi-
tations. First, the tasks used to index appetite SR in mothers and children
were relatively different from each other, compared to those indexing
general SR domains. Future work could investigate this effect using an

adult delay of gratification task (Forstmeier, Drobetz, & Maercker,
2011) with parents. Second, the sample was relatively racially and
ethnically homogeneous, which, while representative of the local
metropolitan area, limits generalizability of these findings. Third,
although the size of the current sample was similar to other studies in
this domain, it was underpowered to detect moderations of these main
effects that may have explicated some of the null findings. We estimated
a medium effect size to determine the number of participants needed to
achieve 80% power; however, many more participants may have been
needed to detect smaller effects. Fourth, it is also important to consider
the construct validity of this study, because the tasks used to measure SR
may not fully capture the domains they represent. The Snack Delay task,
for example, is scored on appetitive behavior but not the affective
experience of waiting for the snack. Future work should use videos of
this task to assess negative affect and strategies used during waiting.
These tasks also did not assess the full breadth of appetite SR, which
includes both prompting and stopping energy intake across healthy and
unhealthy foods (Russell & Russell, 2020). In addition, we did not gather
participants’ hunger levels before any of the sessions, which may have
affected performance. Fifth, this study also did not investigate fathers’
unique contribution to children’s SR. As a majority of the children in this
study lived with their fathers, perhaps data from the fathers or other
significant caregivers could help explain the lack of congruence between
mother and child attentional and inhibitory control measures. Lastly,
the cross-sectional nature of these data prevent us from assuming any
causality.

While the present findings provide initial cross-sectional empirical
evidence that appetite SR in mothers is transmitted to their children, a
longitudinal investigation is needed to establish the causal relationship
between mother and child appetite SR. Future research should also
consider factors that influence the association between mother and child
appetite SR, which may be important targets for supporting the devel-
opment of healthy eating habits. Parenting behaviors, including parent
feeding practices and parent modeling of appetite regulation, should be
considered as possible mediators. In addition to enrolling a more diverse
sample of primary caregivers, future work should also investigate the
parent-child congruence of appetite regulation in families affected by
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malnutrition or food insecurity, as this may be an important consider-
ation for early prevention and intervention for children. The exploratory
finding indicating that mother education accounted for significant
variance in child attentional control above and beyond mother atten-
tional control suggests that future work should also investigate what
about maternal education supports attentional control in children (e.g.,
parenting behaviors, early childhood educational opportunities).

Conclusions and applied implications

This study adds to the growing literature on the intergenerational
transmission of self-regulation. We assessed multiple domains of SR in
both mothers and their preschool-age children, and found that mother-
child congruence of SR was specific to the appetite domain in this
sample: food craving self-regulation in mothers showed a small but
significant positive association with delay of gratification in their chil-
dren. In contrast, the two domains of non-food SR investigated in this
study (i.e., attentional and inhibitory control) were not significantly
associated between mothers and children in our sample. These findings
provide initial evidence for the intergenerational transmission of
experimental assessments of appetite SR, as well as highlighting the
utility and importance of directly assessing multiple domains of SR in
parent-child dyads.

The significant association between appetite SR in mothers and
children also has direct implications for caregiving practices and inter-
vention. Informing caregivers that their own patterns of appetite SR can
influence their children’s behaviors in this domain may motivate them
to change how they interact with food to benefit the health of their
children. For example, parents could choose to engage in more explicit
modeling of healthy appetite SR for their children, drawing awareness to
when they are regulating their own desires in service of improved health
(e.g., “That ice cream was delicious, and I know that if I have another
scoop I won’t feel good — so I am going to stop here.”). In addition, these
results suggest that it may be more effective for interventions designed
to improve appetite SR in children to target the entire family instead of
just the child. When children begin to learn appetite SR, seeing their
parents engage in the same behavior may reinforce their own nascent
abilities. Further, it may also be useful to identify parents who struggle
with appetite SR as candidates for preventative interventions to support
healthy child eating behaviors that include an appetite SR component.
These could be implemented as early as pregnancy, with the goal of
supporting healthy eating and relationships with food for the growing
family.
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