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Abstract

Children's behavior changes from day to day, but the factors that contribute to
its variability are understudied. We developed a novel repeated measures para-
digm to study children's persistence by capitalizing on a task that children com-
plete every day: toothbrushing (N = 81; 48% female; 36—47 months; 80% white,
14% Multiracial, 10% Hispanic, 2% Asian, 1% Black; 1195 observations collected
between January 2019 and March 2020). Children brushed longer on days when
their parents used more praise (¢ =.23) and less instruction (¢ = —.22). Sensitivity to
mood, sleep, and parent stress varied across children, suggesting that identifying
the factors that shape an individual child's persistence could lead to personalized

interventions.

To become healthy and successful adults, children need
to persist on tasks that are not always easy or fun, like
studying, exercising, or brushing one's teeth (Duckworth
etal., 2007; Mischel et al., 1989). Children's ability to per-
sist develops gradually (Oeri & Roebers, 2020; Saudino
et al., 1996; Zhou et al., 2007). Toddlers are notoriously
strong-willed and easily distracted; yet just a few years
later, they are expected to persist through challeng-
ing tasks like learning to read. Development is not al-
ways linear: children have good days when they easily
persist through tasks, and bad days when they strug-
gle to complete tasks they could do easily the day be-
fore. Understanding the psychosocial and physiological

factors that shape within-child variability in young chil-
dren's persistence is critical for developing personalized
interventions to help children be the best versions of
themselves.

In the present study, we measured fluctuations in
3-year-olds’ persistence by capitalizing on an ecologi-
cally valid daily task that 3-year-olds are just learning
to do on their own: brushing their teeth. Toothbrushing
is the ideal task because it is a daily behavior that par-
ents want to support, and requires persisting on a task
that is not especially fun, but is necessary for the devel-
opment of a healthy habit. Toothbrushing is also not
cognitively challenging, so individual differences in

Abbreviations: EM A, ecological momentary assessment; FDR, false discovery rate; PSS, Perceived Stress Scale; SES, socioeconomic status.
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brushing are unlikely to be related to IQ. In other words,
variation in toothbrushing persistence is not likely to be
driven by variation in perceived difficulty or interest,
as might occur if we studied daily puzzle completion.
Furthermore, toothbrushing is also an activity done by
children all over the world, making this paradigm poten-
tially useful in many cultures.

What might influence whether a child brushes longer
on a given day? When children decide whether or not to
persist, they consider information about expected util-
ities (cost and rewards), which is often communicated
via adults’ behavior (Bandura, 1977; Leonard et al., 2017,
2020, 2021; Lucca & Sommerville, 2018; Lucca et al.,
2019, 2020). For example, infants and preschoolers pay
attention to adults’ actions and outcomes and rationally
try harder after watching adults’ efforts lead to success
rather than failure (Leonard et al., 2020; Lucca et al.,
2020). Children also listen to adults’ explicit messages
about effort: 18-month-olds put in more effort on a gear-
stacking task if their parents praise their effort, rather
than their abilities (Lucca et al., 2019). However, to date
no study has looked at how adult behavior varies from
day to day, and in turn influences day-to-day fluctua-
tions in children's persistence. Furthermore, most of the
work on children's rational learning ignores how physi-
ological states influence behavior, presumably because
it is difficult to study children when they are not in a
good mood or able to concentrate. Here, we used a novel
repeated measures paradigm to investigate four major
factors that we predicted would fluctuate from day to
day, could be reported with high ecological validity, and
based on prior literature, could impact how long chil-
dren would brush their teeth: parent talk, parent stress,
child mood, and child sleep.

A great deal of work has looked at the relationship
between adult talk and children's persistence across chil-
dren. Longitudinal studies have shown a correlation
between positive, autonomy-supporting parenting and
children's persistence (Deater-Deckard et al., 2006; Frodi
et al.,, 1985; Kelley et al., 2000; Prendergast & MacPhee,
2018). More specifically, longitudinal and cross-sectional
studies find that parent praise for effort, rather than abil-
ity is correlated with children's persistence (Gunderson
et al., 2013; Lucca et al., 2019). Experimental work has
shown a causal impact of specific adult talk. For exam-
ple, when adults verbally reinforce children's on-task
behavior, children try harder (Krantz & Scratch, 1979;
Van Hecke & Tracy, 1987). Furthermore, when adults
praise children's effort over their ability in laboratory
tasks (Cimpian et al., 2007, Mueller & Dweck, 1998),
children persist longer. When adults directly instruct
children on what to do, it can help children learn ex-
plicit information (e.g., learning vocabulary; Dickinson
et al., 2019; Klahr & Nigam, 2004), but can hurt their
learning in exploratory learning contexts (e.g., finding a
non-obvious function of a toy; Willard et al., 2019; Yu
et al., 2018). There is some limited evidence that parent

talk fluctuates from day to day, with downstream conse-
quences on child behavior. For example, on days when
parents are stressed, they report being less encouraging
of their 8- to 12-year-old's engagement in physical activ-
ity (Dunton et al., 2019). However, no study has directly
measured fluctuations in parent behavior and their pre-
schooler's behavior over time. Thus, it remains unknown
whether or how fluctuations in parent behavior shape
fluctuations in children's persistence. On the one hand,
impacts of parenting may be cumulative, with day-to-
day variability having little influence on children's be-
havior. On the other hand, children may dynamically
adjust their behavior, and persist longer, in response to
parent behaviors in a given moment.

Children's moods also impact their behavior.
Experimentally inducing a pleasant or excited mood in
preschoolers leads to greater task persistence (Masters
& Santrock, 1976; Ridgeway & Waters, 1987). Children's
mood may affect persistence both through internal and
social mechanisms: positive mood induction causes pre-
schoolers to set more ambitious goals (Hom & Arbuckle,
1988) and to be more compliant with their parents’ re-
quests to complete an effortful task (Lay et al., 1989).
Parents can help regulate their children's emotions
through modeling emotion regulation themselves and
displaying positive affect (Morris et al., 2017). However,
it remains unclear whether day-to-day fluctuations in
child mood relate to daily fluctuations in persistence, or
how variations in parent affect and behaviors relate to
variations in child mood.

Children's broader physiological states may also im-
pact their persistence on a given day (Bandura, 1977).
Work in adults suggests that sleep directly impacts per-
sistence. After one night of sleep loss, adults rate tasks
as more effortful (Drummond et al., 2005; Hockey
et al., 1998) and prefer lower effort over higher effort
tasks, even at the cost of rewards (Engle-Friedman
et al., 2003; Libedinsky et al., 2013). Sleep deprivation
alters the neural circuits involved with reward valua-
tion, emotional control, and cognitive control, all of
which play key roles in effort-based decision making
and persistence (Chee & Chuah, 2007, Gujar et al.,
2011; Massar et al., 2019; Yoo et al., 2007). Although
the link between sleep and persistence has not yet
been studied in children, sleep does impact-related be-
haviors. Toddlers who skip their nap are less able to
self-regulate during a challenging task (Miller et al.,
2014). Preschoolers with more variable sleep duration
are rated by their teachers as adjusting more poorly to
preschool (Bates et al., 2002). In school-aged children
and adolescents, sleep is related to mood (Konen et al.,
2016), working memory (Konen et al., 2015), and per-
formance on standardized tests the next day (Cusick
et al., 2018). Young children might be especially vulner-
able to the negative consequences of sleep on behavior,
as their brains are undergoing rapid large-scale devel-
opment (Cao et al., 2020; Dewald et al., 2010).
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Taken together, prior work points to variation in par-
ents’ behavior and stress, as well as children's mood and
sleep, as potential influences on fluctuations in children's
persistence. To understand how fluctuations in these fac-
tors relate to fluctuations in persistence, it is important
to measure all variables with high temporal sampling.
Technological advances, including the widespread avail-
ability of mobile phones, have made daily measurement
more feasible. Ecological momentary assessment (EMA)
designs collect intensive repeated measures data in ev-
eryday settings, as participants go about their daily lives
(Shiffman et al., 2008). EMA has been used in preschool-
ers to explore fluctuations in self-regulation via parent
report (Ludwig & Rauch, 2018; Ludwig et al., 2016) and
in toddlers to show how children's physical and social
context influence their diet and exercise (Campbell et al.,
2018; Hager et al., 2017), but none have directly measured
young children's motivational or cognitive processes.

In the current study, parents submitted videos of
nightly toothbrushing over 16 days, capturing both chil-
dren's persistence and parent talk. We focused on eve-
ning brushing, rather than morning brushing, because
we did not want to interrupt or delay morning routines.
Parents also completed daily surveys about their stress,
and about child mood and sleep. We examined how fluc-
tuations in parent talk and stress, and child mood and
sleep, separately impacted fluctuations in brushing time.
We ran separate models testing how each individual fac-
tor related to brushing because this approach is directly
applicable to targeted interventions focused on specific
factors. We predicted that children would brush more
when their parents used more praise, and that parents
would use less positive talk when they were stressed. We
predicted children would brush longer if they were in a
better mood, and after they had slept and napped well.

We also explored whether children differed in their
sensitivity to psychosocial and physiological influences
(Boyce & Ellis, 2005; Ellis & Boyce, 2008), and whether
their broader social context (socioeconomic status and
parent stress over the last month), influenced their sen-
sitivity. This approach allowed us to explore individual
differences in children's sensitivity to parenting, mood,
and sleep, a critical step toward the creation of per-
sonalized interventions. Part of the data for this study
was collected prior to the onset of the COVID-19 pan-
demic, allowing us to ask questions pertaining to how
parent behavior, and its relation to child behavior, dif-
fered before and after a stressful global event. Finally,
we tested whether parents had insight into which factors
were most important for their own child's fluctuations in
persistence.

MATERIALS AND METHODS

This study was exploratory. The Institutional Review
Board at the University of Pennsylvania approved this

study. Parents provided informed, electronic consent for
their child's participation.

Participants

Families were recruited through partnerships with
local preschools and through social media. Overall, 90
families enrolled in the study with the goal of 85 us-
able participants which would allow us to detect an r
of .3 with power of .8 in across-participant correlations.
One family was excluded for prenatal drug exposure,
three families were excluded for sending in unusable or
no video data; four families dropped out of the studyj;
and one child was excluded for outlying brushing times
(M =135.94 s per night, >3 SD from sample mean; though
results remain similar when this child is included; see
Table S1). The final sample consisted of 81 three-year-
olds (Mage = 40.84 months, range 36—47 months).

The racial and ethnic makeup of the sample was as
follows: 80% white, 14% Multiracial, 10% Hispanic or
Latinx, 2% Asian, 1% Black, and 1% preferred not to
answer. Parents were asked to report their child's gen-
der and were provided four options: female, male, other,
and prefer not to answer. Forty-eight percent of parents
reported that their child's gender was female, and the
rest reported that their child's gender was male. All data
were collected in the United States of America. Ninety-
four percent of families were from Pennsylvania (n = 57),
and New Jersey (n = 19). The remaining families were
from Delaware (n = 2), Massachusetts (z = 1), Maryland
(n=1), and Florida (n = 1). The average parental educa-
tion ranged from 12 to 20 years (M = 16.98, SD = 1.75).
The annual family income ranged from $14K to $200K
(M = $125K, SD = $50K). Data were collected in two
waves: January—June 2019 (n = 24), and March—May
2020 (during the COVID-19 pandemic, n = 57). The two
waves matched on age (#(79) = 0.09, p = .93), gender A,
n=81) = .90, p = .34), and parent education (¢(79) = 0.70,
p =.49). The annual family income was slightly higher in
the second wave (#(75) =2.02, p = .05; wave one M = 107K,
wave two M = 133K). To account for possible differences
between waves, the study start date was included as a
covariate of no interest in multilevel models.

Procedure

Interested parents filled out a screening questionnaire
and were contacted if they had a 3-year-old and their
child passed the following inclusion criteria: no neuro-
logical or psychiatric diagnosis, not born prematurely,
speaks English, and tries brushing their own teeth at
night. Parents also were required to speak and read
English fluently and to have access to a video record-
ing device. Eligible participants were contacted via email
with instructions on how to sign up and consent to the
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study online via REDCap. The online consent was fol-
lowed by baseline questionnaires ($10 compensation;
detailed below). After the surveys, participants were
sent instructions on how to participate in the 16-day
daily text message portion of the study (see Figure S1).
We collected data over 16 days to ensure that we had at
least 5—-8 usable days per child (see Analysis Plan) with-
out over-burdening families. Participants were sent text
message links to surveys in the morning at 8 am (with
a reminder 2 h later if they did not respond) and in the
evening at 8:30 p.m. (with a reminder 1.5 h later if they
did not respond). Participants were compensated $2 per
day for completed surveys and an $8 bonus for complet-
ing all 16 days. The number of daily evening survey days
completed by participants ranged from 7 to 16, with 73%
completing all 16 days (M = 15.33, SD = 1.63; n = 2 for
7 days; n=1for 11 days; n =3 for 13 days; n =6 for 14 days;
n =10 for 15 days; n = 59 for 16 days), and the number of
completed morning survey days ranged from 11 to 15,
with 85% completing all 15 days (M = 14.74, SD = 0.72;
n=1for 11 days; n=1 for 12 days; n =4 for 13 days; n=06
for 14 days; n = 69 for 15 days).

Parents reported their total annual income and edu-
cation level, as well as the education level of their part-
ner if applicable (99% of parents reported the education
level of their partner; education level was averaged if
available for both parents; one variable was used if the
other was not available). Parent average education and
income were normalized and averaged to create a com-
posite measure of socioeconomic status (SES; Bradley &
Corwyn, 2002). Parents filled out the 10-item Perceived

Stress Scale (PSS; Cohen & Williamson, 1988) which in-
dexes parents’ feelings of stress in the last month. The 10
items were summed to create the total PSS score.

Daily measures
Persistence

Parents sent in a video of their child brushing their
teeth every night as part of the evening survey (see
Figure 1; Table S2 for details on daily measure admin-
istration). Parents were instructed to start recording
the video before the toothbrush was in their child's
mouth and to stop recording when they took the tooth-
brush back from the child (see Figure Sl for exact in-
structions). Parents were instructed to let their child
brush by themselves for as long as they could before
the parent stepped in to finish the job (77% of partici-
pating families said that having their child brush first
before brushing for them was in line with their nor-
mal brushing routine). Persistence was operationalized
as the amount of time the child spent brushing their
teeth. Using Vcode, two coders (blind to hypotheses)
coded all videos for the amount of time that the child
spent brushing their teeth (see Supporting Information
for exact coding scheme). A third coder arbitrated dis-
crepancies over 10 s for time brushing between the two
coders. Coder scores were highly correlated (r = .99,
p < .001). Time brushing from the two coders was av-
eraged for analyses. If children did not brush their

Q50 o
50
Q 9 Q
2 o £
940 g 8.’
= = .= 40
e 7 <
n 3 (%))
> >
f (@) fu
m 30 o m .
) 5 & o
E £
= 20 =
3 20
o 1 2 3 4 5 6 7 8 9 10 11 12 14 15 3 5 7 9 1
Day Child mood
FIGURE 1 Toothbrushing procedure and data. (a) Screenshots of child participants (with parent permission). (b) An example participant's

time spent brushing data (black, left axis) and mood data (pink, right axis) as a time series. (c) The same participant's brushing data and mood

data as a correlation
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teeth for a night, resulting in no video, parents were
instructed to let us know. Children were given a “0” if
they did not brush at all even after the parent tried to
initiate the activity (e.g., “My son refused to brush his
own teeth tonight”, n = 6 nights) and were marked as
missing data if the parent was not able to record (e.g.,
child was at a sleepover).

Parent talk

All video data were transcribed. One coder coded par-
ent speech from video and the second coder coded par-
ent speech from transcription, and used the video if the
context or tone of the transcribed speech was unclear.
Agreement between coders was 99%: of 9391 utter-
ances, the coders disagreed on 30. A third coder arbi-
trated these disagreements. We coded praise into three
different categories based on Gunderson et al. (2013):
“process praise” (e.g., “good job”), “person praise”
(e.g., “good girl”), and “other praise” (e.g., “very
good”, “nice”). The majority of praise was classified
as “other praise” (462 instances) and “process praise”
(349 instances). There were few instances of “person
praise” (e.g., “good girl”; 32 instances). However, we
did not have the power to analyze the effect of specific
types of praise on brushing, so focused our analyses
on total praise (the total of all three types of praise).
We coded distraction (e.g., singing, reading a book, in-
voking pretend play) based on prior work showing that
self-distancing promotes children's persistence (White
et al., 2017), however, distraction was used so infre-
quently (442 occurrences in 30/82 parents) that we did
not have the power to analyze it within or across chil-
dren. We coded utterances such as “Brush the backs!”
and “keep brushing” as instruction (note that the ma-
jority of these utterances were general phrases to keep
the child on-task like “keep going” and “brush”; see
https://osf.io/8njht/ for full transcript). We coded any
off-topic or uncategorizable comments (e.g., “How is
it going?”) as other speech, however, we did not have
strong hypotheses as to how this heterogeneous speech
category would relate to brushing, so we did not ana-
lyze it.

Out of 9145 total utterances from parents, 9% were
praise, 5% were distraction, 50% were instruction, and
36% were other. The full coding scheme is shown in
Table S3. We constructed a measure of total talk for
each subject on each night as the count of total par-
ent utterances per night. To explore the relationship
between specific types of parent talk and children's
persistence, we created measures of percent praise and
percent instruction as the amount of each category of
talk divided by total talk per person per night. Parent
talk measures were positively and significantly cor-
related (see Table S4).

CHILD DEVELOPMENT

One family was excluded from parent talk analyses
due to poor audio quality in videos. Nights when some-
one besides the parent was supervising the brushing were
excluded (n = 4 nights). Children whose parents never
used praise or instruction were excluded from multilevel
models with those variables, as they could not provide
information on how fluctuations in that type of parent
talk were associated with fluctuations in brushing be-
havior (n = 17 for praise; n = 1 for instruction). Children
whose parents never used praise did not differ from chil-
dren whose parents did use praise on SES, gender, parent
perceived stress, or parent average stress (all ps > .6).

Parent stress

Parents reported on their stress in the evening survey.
They were asked “What is your stress level right now?”
They could answer on a 0 (not stressed at all) to 10 (ex-
tremely stressed) scale (increments of 1). We measured
parent stress with one item to lower parent demands and
reduce dropout. We also asked about parent mood, but
fluctuations in parent mood were too closely related to
fluctuations in parent stress to have separable effects on
parent or child behavior (b = —0.50, p <.0001; see Figure
S2). Hence, we focused our analyses on parent stress
based on previous work linking lower parent stress to
positive parenting behaviors (Dunton et al., 2019).

Child mood

Parents reported on their child's mood in the evening
survey. They were asked “What is your child's mood
right now?” and could answer on a 0 (extremely bad) to
10 (extremely good) scale. We measured child mood with
one item to minimize demands on parents and reduce
dropout.

Sleep duration

We chose to use parent report of child sleep since this
measure is accurate, and more inexpensive and feasible
for 3-year-olds (who often take off wearable electronic
trackers) compared to continuous sleep tracking meth-
ods like actigraphy (Iwasaki et al., 2010). Parents re-
ported on the time their child went to bed in the evening
survey and the time their child woke up in the morning
survey, as well as how many times and the total duration
that their child was up during the night. Parents also re-
ported whether their child took a nap that day (on the
same day as toothbrushing) and the length of the nap.
We calculated children's sleep based on their bedtime
and wake up time, subtracting any time they were awake
at night, and adding in the nap of the current day.
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To reduce the possibility that parents would infer our
hypotheses, we also asked questions about how much
children ate for dinner.

Post-study parent predictions of child behavioral
fluctuations

At the end of the 16-day study, parents responded to the
following question by text message: “Which of the fol-
lowing variables (pick as many as apply) do you think
related to your child's day-to-day variance in how long
they brushed their teeth each night? How much I encour-
aged them, how much sleep they got the night before,
my mood, their mood, my stress, the time of day that
they brushed, how much they ate for dinner, or other.”
Parent prediction data were available for 64 participants
because it was first collected midway through the first
wave of the study.

Analysis plan

Fluctuations in brushing time, parent talk,
parent stress, child mood, and child sleep

First, we computed an intraclass correlation to identify
the proportion of between-person and within-person vari-
ance in daily brushing time. We analyzed the intensive re-
peated measures data (7-16 days nested in 81 participants)
using multilevel models that were parameterized to sepa-
rate within-person and between-person associations by
splitting predictors into time-invariant (between-person)
and time-varying (within-person) components (Bolger &
Laurenceau, 2013). There were no significant relationships
between the number of evening surveys completed and the
key variables: average child sleep (#(79)=.10, p=.37), mood
(r(79) = .15, p = .17), parent stress (1(79) = —.10, p = .36),
percent praise (1(78) = —.07, p = .54), percent instruction
(r(78) = .19, p = .09), or brushing ((79) = —.10, p = .38).

Models were fit using the nlme package in R (Pinheiro
et al., 2018) using maximum likelihood estimation.
Statistical significance was evaluated at p = .05. Children
were included in multilevel models if they had at least
five data points for the two variables of interest, fol-
lowing guidelines from Bolger and Laurenceau (2013).
Time-invariant person-level variables for usual percent
praise, percent instruction, parent stress, child mood,
child sleep, and brushing were calculated as the arith-
metic mean across each individual's repeated measures.
Time-varying, day-level variables were calculated for
percent praise, percent instruction, parent stress, child
mood, child sleep, and brushing as deviations from those
person-specific means. In these models, we controlled for
day of study (0-15) and study start date (day 0—day 483,
to control for any differences associated with the timing
of participation relative to the COVID-19 pandemic).

We constructed a multilevel model (Level 1) of per-
cent parent praise and brushing as:

TimeBrushing;, = ; + f,;Praise;, + ,,DayOfStudy;, + ¢,

where TimeBrushing,, is the time spent brushing for child
i on day #; ), indicates the expected time brushing on a
typical day with an average percent of praise; f,, indicates
differences in time brushing associated with changes in
day's praise; f3,; indicates differences in time brushing as
the study progressed to control for time as a third variable
(Bolger & Laurenceau, 2013); ¢, are day-specific residuals
that were allowed to be autocorrelated (AR1).

Person-specific intercepts and associations (from the
Level 1 model) were specified (at Level 2) as:

Boi = Yoo + Yo UsualPraise + y,StudyStartDate + u,;, and

Bii =10 +uy;

where the ys are sample-level parameters and the us are re-
sidual between-person differences that may be correlated,
but are uncorrelated with ¢,. The parameter y,,, indicates
how usual praise was associated with the usual time spent
brushing. The parameter y, indicates how study start date
(within each wave, there were multiple study start dates)
was associated with the usual time spent brushing. Effect
sizes were computed for multilevel models using “lme.
dscore” from the EM Atools package in R (Kleiman, 2017).

We constructed four more models by replacing par-
ent percent praise with parent percent instruction, par-
ent stress, child mood, and sleep to see how these factors
also influenced day-to-day fluctuations in children's time
brushing, as well as their usual time spent brushing. To
examine how predictor variables related to each other,
we ran separate models predicting each variable (percent
praise, percent instruction, parent stress, child mood, child
sleep) from the other variables. Results were false discov-
ery rate (FDR; Yekutieli & Benjamini, 1999) corrected at
p <.05 for multiple comparisons for the p-values predicting
within-child relationships across the five models (i.e., we
FDR-adjusted the five p-values for multiple comparisons).

Estimates from Level 2 in the multilevel model were
used to explore how average brushing relates to average
parent percent praise, parent percent instruction, par-
ent stress, child mood, and sleep controlling for within-
subject effects, start date, and day of study. Results were
FDR-corrected for multiple comparisons at p < .05 for
the five p-values predicting across-child relationships
across predictor models.

Between-subject relationships with
demographics and daily measures

We ran individual correlations relating child age, gen-
der, SES, and parent perceived stress to average brushing
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time, percent praise, percent instruction, parent stress,
child mood, and sleep, as well as variability in each of
these measures. We calculated variability as the coeffi-
cient of variation (standard deviation across days divided
by mean across days; a unit-free variable; e.g., Levitt
et al., 2004; Lydon-Staley et al., 2020). We chose this ap-
proach so as not to rely solely on standard deviation,
because standard deviation is often related to the mean
(Baird et al., 2006; van Geert & van Dijk, 2002). Results
were FDR-corrected at p < .05 for multiple comparisons
separately for models relating averages and variability.

Individual differences in sensitivity

Individual differences in sensitivity to predictor varia-
bles were explored in children for whom data were avail-
able for eight or more nights (n = 61 for parent percent
praise, n = 77 for parent percent instruction and sleep,
n = 78 for parent stress and child mood). Participants
with fewer than eight data points to contribute to a given
model were excluded from these analyses because they
lacked sufficient data to give a reliable individual esti-
mate (Jenkins & Guintana-Ascencio, 2020). Children
whose parents exclusively used one type of talk were
also excluded from models looking at percent of praise
or instruction due to lack of variance (n = 1 for percent
instruction).

We estimated each individual's sensitivity to each of
the five predictor variables (percent praise, percent in-
struction, parent stress, child mood, and child sleep) by
extracting standardized p’s from person-specific linear
models predicting brushing time with each of the pre-
dictor variables separately, controlling for the day of the
study. We examined whether sensitivity to each factor
was related to sensitivity to other factors and demo-
graphic variables (results are FDR-corrected at p < .05
for multiple comparisons).

Parent predictions of child behavioral
fluctuations

We first calculated the percent of parents who endorsed
each of the key predictor variables (encouragement, par-
ent stress, child mood, and sleep) as influential on their
child's brushing. We asked parents about encouragement
generally rather than specific types of encouragement
(e.g., praise) because we thought parents would find
this general prompt more interpretable. To test whether
parents’ guesses were accurate, we compared the abso-
lute value of the standardized p of the guessed predictor
variable with brushing between children whose parents
said the guessed predictor mattered versus those whose
parents said the guessed predictor did not matter. We
allowed for effects to be both positive and negative be-
cause the direction was not stated in the question, that is,

parents could believe that they need to encourage their
children more when their children are brushing less well.
Analyses were restricted to children who had enough
data for sensitivity analyses (see above), and whose par-
ents responded to the question about predicted sensitiv-
ity (n = 48 for encouragement analyses with praise, n = 62
for parent stress, child mood, and child sleep).

Impact of COVID-19

To test whether the onset of the COVID-19 pandemic
systematically impacted our data, we compared the av-
erage and coefficient of variation of brushing time, child
sleep, child mood, parent mood, and parent talk vari-
ables between the first and second data collection waves
(data collected in wave two were collected at the begin-
ning of the March 2020 lockdown in the Philadelphia re-
gion, where the majority of our data was collected). We
also tested for interactions in the multilevel models to
determine whether the relationship between predictor
variables and day-to-day brushing differed by study en-
rollment date (which linearly controls for the impact of
COVID-19, which we predicted might differ across time).
Finally, we tested whether parent self-report of stress at
the onset of the study (on the PSS) differed before and
after the onset of COVID-19.

RESULTS
Within-child variability in brushing

Brushing time varied substantially within and across
children (Intraindividual M = 28.39 s, range = 4.55—
74.07 s, SD = 13.56 s; intraindividual coefficient of vari-
ation M = 0.51, range = 0.19-1.12, SD = 0.21; see Table
S5 for variability in predictor variables). Fifty-nine per-
cent of toothbrushing time variance was attributable
to within-person variation and 41% was attributable to
between-person variation. Brushing time significantly
decreased across days of the study (see Table 1), poten-
tially due to the novelty of being filmed while brushing
the first few nights. Multilevel model results indicate
that children brushed longer on nights when parents
used a higher percent of praise (b = 17.83, FDR-corrected
p=.008; Figure 2a). On nights when parents used a higher
percent of instruction, children brushed less (b = —6.61,
FDR-corrected p = .008; Figure 2b).

Children brushed longer when they were in a better
mood, but this result did not survive FDR correction
(h=0.64, p=.03, FDR-corrected p = .11; Figure 2c). There
was a non-significant positive relationship between sleep
and brushing time: children brushed slightly, but not
significantly, longer when they slept more the night (and
day, if they napped) before they brushed (»=0.85, p = .08,
Figure 2d). Within-child variation in brushing time was



CHILD DEVELOPMENT | [

LEONARD ET AL.

TABLE 1 Multilevel models predicting brushing time. Estimates are not standardized. Usual sleep includes naps
Estimate (b) SE df t y d

% Praise

Intercept 38.27 4.08 799 9.37 <.001

Day's % praise’ 17.83 5.55 799 3.21 .001 23

Usual % praise -12.99 24.61 60 -0.53 .60

Start date -0.01 0.01 60 -1.15 25

Day of study —-0.54 0.14 799 —3.88 <.001 =27
% Instruction

Intercept 35.88 3.36 946 10.69 <.001

Day's % instruction” -6.61 1.99 946 -3.32 <.001 -22

Usual % instruction” -16.13 7.61 5 -2.12 .04 -.49

Start date -0.01 0.01 75 —-0.82 41

Day of study —-0.57 0.12 946 —4.74 <.001 =31
Parent stress

Intercept 35.09 3.39 1106 10.34 <.001

Day's parent stress —-0.40 0.26 1106 -1.54 12

Usual parent stress —-0.56 0.97 78 -0.58 .56

Start date -0.01 0.01 78 —-0.87 39

Day of study -0.56 0.11 1106 =5.10 <.001 =31
Child mood

Intercept 35.06 3.30 1106 10.63 <.001

Day's mood” 0.64 0.29 1106 2.21 .03 13

Usual mood 2.98 1.57 78 1.89 .06

Start date -0.01 0.01 78 -0.94 .35

Day of study —-0.55 0.11 1106 -4.97 <.001 -.30
Child sleep

Intercept 35.88 3.29 994 10.89 <.001

Previous night's sleep + same day's nap 0.85 0.49 994 1.74 .08

Usual sleep 0.38 1.76 76 0.22 .83

Start date -0.01 0.01 76 -1.30 .20

Day of study —-0.55 0.12 994 —4.65 <.001 -29

*Uncorrected p < .05 for variables of interest; **FDR-corrected at p < .05 for within-child variables of interest and between-child variables of interest separately.

not significantly predicted by parent stress (b = —0.40,
p = .12, Figure 2e).

Within-child variability in relationships among
predictor variables

Multilevel models revealed that fluctuations in parent
stress were related to fluctuations in child mood: parents
were less stressed when children were in a better mood
(b =-0.32, p < .001, FDR-corrected p < .001; see Table
S6), and vice versa (b = —0.33, p < .001, FDR-corrected
p < .001). Variability in child sleep was related to vari-
ability in child mood: when children slept more, they
were in a better mood (b =0.24, p <.001, FDR-corrected
p = .002). Variability in child sleep was also related to

variability in parent stress: when children slept more,
their parents were less stressed (b = —0.15, p = .02, FDR-
corrected p = .21).

Contrary to our prediction, fluctuations in parent
stress were not related to fluctuations in the percentages
of parent praise or instruction (Table S6). Furthermore,
fluctuations in child sleep and mood were not related
to fluctuations in the percentages of parent praise or
instruction. As expected, because we were looking at
percentages of total talk, parent talk types traded off
against each other: on nights when instruction made up
a greater percent of what parents said, they used a lower
percent of praise (b = —0.18, p < .001, FDR-corrected
p < .001), and on nights when praise made up a greater
percent of what parents said, they used a lower percent of
instruction (b = —0.55, p <.001, FDR-corrected p < .001).
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FIGURE 2 Prototypical (black line) and person-specific (light gray lines) within-person associations between brushing time and daily (a)
percent praise, (b) percent instruction, (c) child's mood (on scale of 0 [extremely bad] to 10 [extremely good]), (d) child's sleep (in hours), and (e)

parent stress (0 [not stressed at all] to 10 [extremely stressed])

Between-child relationships among brushing,
predictor variables, and demographics

Across children, average percent parent instruction
was negatively associated with average brushing time,
but this result did not survive FDR correction (Table I:
b=-16.13, p = .04, FDR-corrected p = .36). Average child
mood was positively, but not significantly, associated
with average brushing time (Table 1: b = 2.98, p = .06,
FDR-corrected p = .36). Average brushing time did not
relate to child age, gender, parent average perceived
stress, or SES (see Table S7).

Variability in brushing time (coefficient of vari-
ation) was negatively related to SES: children from
lower SES backgrounds had more variable brushing
times (r(79) = —.43, FDR-corrected p = .01; Table S8).
Parents who indicated higher perceived stress at the
beginning of the study had higher stress (r(79) = .51,
FDR corrected p < .001) and lower variability in par-
ent stress throughout the study (#(79) = —.38, FDR
corrected p = .04). No other relationships among de-
mographics and EMA measure averages and variabil-
ity were significant after FDR correction (Tables S7
and S8).

Individual differences in brushing sensitivity to
predictor variables

Sensitivity to mood was negatively related to sensitivity
to parent stress: Children who brushed more when they
were in a good mood brushed less when their parents were
stressed (Table 2, r(76) = —.45, p < .001, FDR-corrected
p =.002). Children who brushed more when their parent
used a greater percent of praise, brushed less when their
parent used a greater percent of instruction (Table 2,
r(58) = —.53, p <.001, FDR-corrected p = .002). All other
relationships between sensitivity to fluctuations in pre-
dictor variables and demographics did not survive FDR
correction for multiple comparisons (see Table 2; Table
S9 for outlier analyses—results do not change).

Parent predictions of child brushing sensitivity

In order from most commonly endorsed to least com-
monly endorsed, parents thought the following factors
impacted their children's brushing: child mood (92%),
parent encouragement (65%), parent stress (50%), child
sleep (18%). However, for the parents who thought that
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TABLE 2 Individual differences in brushing sensitivity. Correlations are shown between demographics (age, gender, socioeconomic status
[SES], and parent perceived stress [PSS]) and standardized fs from models relating brushing to each predictor variable, controlling for day of
the study
1 2 3 4 5 6 7 8
1. Age
2. Gender 15
3. SES .01 -.05
4. PSS .00 .04 —-.06
S. Sleep sensitivity -12 .14 -.07 .08
6. Mood sensitivity -.10 -.01 -.02 -25 21
7. Parent stress 04 02 10 -.08 -12 -45"
sensitivity
8. % Praise sensitivity =21 -.02 -.05 -.01 .01 -.12 .26*
9. % Instruction -.01 -.01 -.06 —.14 -12 22 -.26* -53"
sensitivity

Note: *Uncorrected p <.05; **FDR-corrected p <.05.

their child's mood mattered for brushing, their child's
sensitivity to mood (absolute value of ) was not higher
than for children whose parents did not think their child
mood mattered (#(60) = —0.63, p =.55). The same was true
for parent encouragement (percent praise: #(48) = —1.59,
p = .12), and parent stress (¢(60) = 1.10, p = .28). Parents
who thought that child sleep did not matter for brush-
ing actually had children on average for whom sleep did
matter for brushing (¢(60) = 2.74, p = .01).

Impact of COVID-19

Some data were collected before the pandemic (n = 24,
January—June 2019), and some were collected during
the early stages of the COVID-19 pandemic (n = 57,
March—May 2020). Parent perceived stress (reported via
a questionnaire at the beginning of the study) was higher
during the pandemic (#(79) = 2.55, p = .0l), but parent
average daily stress did not differ between pre-COVID
and COVID epochs (#(79) = 1.17, p = .25). Praise and in-
struction percentages did not differ between pre-COVID
and COVID epochs (percent praise: #(78) = —1.01, p = .32;
percent instruction: #(78) = 0.34, p = .73) and the relation-
ship between parent talk measures and brushing did
not change by epoch (see Table S10). Children's average
sleep, mood, and brushing time did not differ by study
start date (sleep: #(79) = 1.51, p = .14, mood: #(79) = —0.06,
p = .95, brushing time: #(79) = —0.87, p = .39), nor did as-
sociations among sleep, mood, stress, and toothbrushing
(see Table S10).

Robustness to analytical decisions

Due to the exploratory nature of this study, we checked
whether our main results were robust to analytical deci-
sions. We ran one model to test whether percent praise,
percent instruction, and child mood uniquely predicted

fluctuations in persistence above and beyond other fac-
tors. In this model, which included 62 children with data
on all variables, within-child variation in percent praise
positively predicted brushing (percent praise: b = 13.92,
p = .009; see Table S11). Mood also positively predicted
brushing (b =0.93, p =.02). The relationship between per-
cent instruction and within-child brushing was close, but
not significant (b = —5.05, p = .056).

We also ran multilevel models including one partici-
pant with outlying brushing time (M = 135.94 s per night,
>3 SD from sample mean) and found that percent praise
still positively related to brushing and percent instruc-
tion still negatively related to brushing (percent praise:
b =12.60, p = .02, FDR-corrected p = .09; percent direct
instruction: b = —6.84, p = .004, FDR-corrected p = .05;
see Table S1).

We focused on parent daily stress instead of mood
because they were so highly correlated, but when we
averaged the two measures of parent affect together to
predict within-child variations in brushing, results were
still null (b = —0.01, p = .98; see Table S12). Finally, all
coded and deidentified data are publicly available on the
OSF (https://osf.io/bdp78/) and identified video data are
available upon request for other researchers to explore
different coding techniques and run follow-up analyses.

DISCUSSION

Young children's persistence fluctuated substantially
from day to day. Within children, variation in persis-
tence was related to variation in parent talk: Children's
time spent brushing their teeth was positively correlated
with parent praise and negatively correlated with parent
instruction. These results were robust to various analyti-
cal decisions. Fluctuations in child mood were also asso-
ciated with fluctuations in brushing, but this effect was
weaker and more variable across children. Fluctuations
in parent stress and child sleep were not related to
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children's persistence, but were related to child mood.
Some children were more sensitive to fluctuations in pre-
dictor variables than others: Children who were sensitive
to variability in parent stress were also sensitive to vari-
ability in their own mood, and children who were sensi-
tive to variability in parent praise were also sensitive to
variability in parent instruction. Parents were not able
to accurately predict which variables shaped brushing
in their own children, but their guesses were consistent
with the overall importance of parent encouragement
and child mood.

Our work is the first to show that fluctuations in
parent praise relate to fluctuations in child persistence
within a family, providing better evidence than between-
family studies that parent praise relates to children's
behavior, and does not just reflect broader positive as-
pects of a child's environment. Why might praise im-
pact children's behavior in the moment? Drawing upon
a utility framework of effort-based decision making
(Inzlicht et al., 2018; Kurzban et al., 2013), parent praise
might be a reward for effortful action in a given moment.
However, the data are still correlational, and it is also
possible that better child persistence elicits more positive
feedback from parents. Untangling cause and effect is
especially difficult given the current paradigm's reliance
on two cumulative, co-occurring measures. Intervention
studies to induce more praise from parents are necessary
to determine whether praise causally impacts persistence
in naturalistic contexts the way it does in laboratory ex-
periments (Cimpian et al., 2007, Mueller & Dweck, 1998;
Yu et al., 2018).

Parent instruction, on the other hand, may not be an
effective strategy to help children brush, or parents may
use instruction more when a child is off-task. Instruction
may also reduce the time children spend brushing be-
cause they are able to brush more efficiently. However, it
is difficult to assess the quality of brushing from video
data alone. Furthermore, we chose time spent brushing
as the dependent measure because it is what most den-
tists recommend tracking, rather than efficiency, which
is harder to measure. It could also be the case that in-
struction is more helpful in circumstances that require a
high level of skill, like when children are trying to learn
piano.

There was a positive relationship between children's
mood and brushing time, but this result was weak and
variable across children. Past work has found a causal
impact of positive mood on persistence in 4-year-old
children (Masters & Santrock, 1976; Ridgeway & Waters,
1987), suggesting that having a positive mood may lead
to longer brushing on a given day. Positive mood might
increase children's persistence through multiple mech-
anisms, including increasing children's willingness to
comply with parent requests (Lay et al., 1989), decreas-
ing the subjective cost of errors (Pourtois et al., 2017),
increasing self-efficacy (Hom & Arbuckle, 1988), or
changing interactions with parents. Here, we observed
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that fluctuations in mood were also related to fluctu-
ations in parent stress. This relationship is almost cer-
tainly bidirectional: Children's moods may deteriorate
when their parents are stressed, and parents may feel
more stressed when their children are in a bad mood.
Mood and persistence may also reflect similar under-
lying physiological processes like fatigue. Experiments
that induce positive mood in children, possibly through
fun parent—child games prior to brushing, are necessary
to test whether positive mood causes more brushing.

Our results show the advantages of measuring experi-
ences within rather than just across children. None of the
variables that we measured significantly predicted indi-
vidual differences in average brushing time. Thus, it is
not the case that parents who on average use more praise
and less instruction have children who on average brush
more. Measuring individual variation in brushing also
revealed that more variable brushing time was associ-
ated with lower SES, suggesting that repeated measures
may be even more important for characterizing behav-
iors for children in low-SES environments.

There were large individual differences in which fac-
tors were most predictive of brushing. For every predic-
tor, some children showed positive effects, and others
showed negative effects. Some children were sensitive to
affective states, brushing more when they were in a better
mood and less when their parents were stressed. We did
not find an effect of SES on sensitivity to any of the fac-
tors, but the SES range was narrow, with only four fami-
lies reporting incomes less than $62,500 per year. Larger
and more diverse samples are needed to determine what
makes some children sensitive to sleep, some sensitive to
parent talk, and others sensitive to affective states. It is
also possible that more than 2 weeks of data are neces-
sary to precisely detect an individual child's sensitivity.

At the end of the study, parents were asked which fac-
tors influenced their own child's brushing. The major-
ity of parents chose parent encouragement and mood,
consistent with the within-child effects observed in the
study. However, parents were not accurate in guessing
which factors were most important for their own child. It
is possible that parents answered this question based on
their impressions of the quality of their child's brushing
or their skill level, rather than the fine-grained brushing
time that we measured here. These results point to the
potential benefit of providing parents with individual-
ized information about the causes of variability in their
children's behavior.

Data collected before and during the pandemic sug-
gest that the factors that proximally shape variability in
children's persistence are fairly consistent regardless of
broader global contexts and schedule disruptions. It is
possible parents have been able to provide a buffer for
their children against stressors in the world, even if they
internalize the stress themselves, at least in the few min-
utes that we observed in this fairly affluent sample at the
very beginning of the pandemic. Whether these results
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hold as the pandemic has stretched on remains an open
question.

A major contribution of this work is the development
of a new task to measure fluctuations in persistence. We
chose to study fluctuations in persistence in an ecolog-
ical domain in which parents want children to persist:
brushing their teeth. Toothbrushing has no immediate
pay-off and is not especially intrinsically motivating, re-
flecting a feature shared by many tasks that require per-
sistence in both children and adults, like cleaning one's
room and getting dressed. However, we do not know how
the factors that shape persistence here will generalize to
other tasks that require persistence. We intentionally
chose a task that was not likely to be sensitive to individ-
ual differences in cognitive ability, so traditional models
of effort might be less relevant for predicting behavior.
Future work should test whether findings reported here
translate to children's daily fluctuations on a wider range
of tasks that require persistence, including those with
both more immediate and delayed rewards. Notably, this
daily video framework can be extended to study fluc-
tuations in persistence in other domains that are more
cognitively challenging or rewarding, like completing
difficult homework or practicing a musical instrument,
as suggested in Muenks et al. (2018).

This study has a number of limitations. First, al-
though toothbrushing is an ecologically valid task,
its psychometric properties are not yet known and it
may involve skills related to persistence, like executive
function, conscientiousness, and compliance. Second,
our sample is skewed toward higher-income families
within a Western, Educated, Industrialized, Rich, and
Democratic (WEIRD) cultural context, and thus we
cannot address how our findings might differ in other
contexts. Third, although we were able to measure per-
sistence and parent talk objectively with video data, we
relied on parent report for measures of child sleep, par-
ent stress, and child mood. Parent report of child mood
could be biased by their observation of a child's behavior
during brushing. Parent report of both their stress and
child mood may have artificially inflated the relation-
ship between the two. Questions were brief to limit par-
ent time commitment and reduce drop out, but they were
limited in the amount of detail they provided. Many
other unmeasured features of children's environments
may also impact their persistence (e.g., exercise; Ludwig
& Rauch, 2018). Fourth, we did not collect data on the
quality of children's sleep. Although parent report of
young children's sleep has been shown to be comparable
to more intensive measures like actigraphy (Iwasakiet al.,
2010), the use of actigraphy may help with precision for
data on factors like nighttime waking (Lam et al., 2011).
Furthermore, parents whose children attended childcare
may have reported on naps without direct observation
on some days. Fifth, we focused on evening brushing,
but some relationships between predictor variables and
persistence may be stronger during morning brushing

(e.g., the relationship with sleep). Thus, future studies
should probe time of day effects. Sixth, parents may
have modified their own behavior due to being observed,
potentially lowering the ecological validity of their par-
enting practices. Seventh, we do not know if our results
will generalize beyond the pandemic, but comparisons
with pre-pandemic data suggest that major differences
are unlikely. Eighth, we were underpowered to run in-
teractions, which require substantially larger sample size
(e.g., Heo & Leon, 2010), or more complex time lagged
analyses, which may require more time points per child.
Future research with larger samples, and/or more occa-
sions of sampling, should probe whether predictor vari-
ables interact in meaningful ways to impact fluctuations
in brushing (e.g., are children more responsive to social
input after a good night sleep?). Finally, this study was
exploratory in nature and positive results merit replica-
tion in an independent sample.

A major strength of this work was that daily video
data gave us a window into children's lives by capturing
their naturalistic persistence and interactions with their
parents. Our methods allowed us to go beyond measur-
ing children's behavior solely via parent report, or with a
snapshot measure in the laboratory that may be sensitive
to unmeasured fluctuations in children's attention and
motivation. This approach has implications for develop-
mental science broadly. Measuring behavior every day
will lead to a better estimate of average behavior, as well
as estimates of variability in behavior, particularly in
young children who may be difficult to study in labora-
tory settings. These measures may be, for example, more
related to brain structure and function than performance
on a snapshot measure in the laboratory. Intensive re-
peated measures will also be helpful for testing computa-
tional models of cognitive development. Clinically, daily
at-home videos of child behavior can go beyond parent
report to track variation in symptoms like inattention,
hyperactivity, defiance, and oppositional behaviors and
to understand the factors that contribute to variability.
By capturing naturalistic family dynamics, this method
can be helpful for understanding susceptibility and resil-
ience to adversity.

In sum, we found that children's persistence fluctu-
ates from day to day and is shaped by parent behavior.
Our results inform both old and new theoretical models
of persistence. We add nuance to Bandura's theory (1977)
that verbal persuasion impacts persistence by specifically
showing that praise, but not instruction, is associated
with greater persistence. Our work replicates prior work
in the praise literature showing that adult praise moti-
vates children (Brummelman & Dweck, 2020; Cimpian
et al., 2007; Gunderson et al., 2013, 2018; Lucca et al.,
2019; Mueller & Dweck, 1998). We add to this literature
by characterizing naturalistic parent praise over multiple
days: parent praise during the daily task of toothbrush-
ing mostly consisted of generic praise and process praise
(e.g., “nice!” and “great job!”), with few instances of
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person praise (e.g., “good girl”). Furthermore, we show
that the quantity of parent praise positively relates to in-
dividual children's persistence across days, building on
empirical and theoretical work suggesting that general
praise is helpful on tasks focused on continued commit-
ment toward a goal (Eskreis-Winkler & Fishbach, 2020).
Beyond verbal and social input, we show that children's
own physiological states may matter more for some chil-
dren more than others. We also expand on modern theo-
ries of children as utility maximizers (Lucca et al., 2020)
by suggesting that the costs and rewards of effortful ac-
tions may fluctuate from day to day depending on social
feedback and physiological states.

Our work provides a path toward identifying the spe-
cific factors that impact individual children's persistence
to design targeted interventions, some of which parents
may not find obvious. For children who are most sen-
sitive to parent stress, we can recommend interventions
to enhance parent emotion regulation (England-Mason
& Gonzalez, 2020). For children who are most sensitive
to sleep, interventions that target sleep hygiene might be
more effective (Wilson et al., 2014). Group-level inter-
ventions that enhance children's motivation and cogni-
tion have been frustratingly elusive (Bailey et al., 2020;
Diamond & Ling, 2016), and individualization may be
the key to better efficacy.
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