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Abstract

In keeping with transactional conceptualizations of infant sleep development (Sadeh et al., 2010y
the present study examined longitudinal, bidirectional linkages between bedtime parenting (direct
observations of parenting practices and quality) and infant sleep across the first six months
postpartum. In doing so, we also drew from Darling and Steinberg’s (1993) ¢onceptual model to
examine parenting quality as a moderator of linkages between specific bedtime practices and
infant sleep. Multilevel model analyses revealed that the strongest increases in infant nighttime
sleep across the first six months occurred among infants of mothers who engaged in low levels of
nursing at bedtime. Within-person linkages between mothers' emotional availability (EA) at
bedtime, infant distress, and infant sleep were found, such that at time points when mothers were
more emotionally available, infants were less distressed and slept more throughout the night.
Several moderating effects of maternal EA on linkages between parenting practices and infant
sleep were obtained that were consistent with predictions from Darling and Steinberg (1993),
Higher maternal EA in combination with less close contact at bedtime was associated with more
infant sleep across the night on average, and higher EA in combination with fewer arousing
bedtime activities predicted more rapid increases in infant sleep with age. Finally, there was
evidence of infant-driven effects, as higher infant nighttime distress predicted lower EA at
subsequent time points. Results showcased the complex, reciprocal interplay between parents and
infants in the development of infant sleep patterns and parenting behavior during the first six
months postpartum.
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Better quality of sleep is associated with improved cognitive and behavioral development in

childhood (YeMni & Pahl, 2008y However, between one-quarter to one-third of infants have
sleep difficulties (Mindell, Kuhn, Lewin, Meltzer, & Sadeh, 2006y anq infant distress during

night wakings represents a common parental concern (Bayer, Hiscock, Hampton, & Wake,
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2007). Previous research indicates that parenting quality and parental strategies used during
bedtime both have important influences on infant nighttime sleep. Furthermore, transactional
models suggest that infant sleep quality may influence parents' behavior at bedtime (Sadeh,
Tikotzky, & Anat, 2010y However, only one study to-date has simultaneously examined
both parenting quality and practices in this context (Tétl, Kim, Mayer, & Countermine,
2010), and no study has addressed how their interaction may predict infant sleep. The
current study used observational measures to study how parenting quality and practices at
bedtime are uniquely and interactively associated with infant nighttime sleep across the first
six months, and further, how infant nighttime sleep may predict parenting behaviors and
quality. As mothers were the primary caregiver at bedtime in most study families, we
specifically examined mothers' parenting.

Infant Sleep and Developmental Outcomes

During the first six months, sleep patterns undergo dramatic changes. Generally newborns
do not have a pattern to their sleep and it is equally distributed across both day and night
(Davis, Parker, & Montgomery, 2004y gy six months most infants have consolidated
nighttime sleep, which is defined by a reduction in the length and frequency of night
wakings as well as the ability to sleep from bedtime to morning without requiring parental
intervention (Galland, Taylor, Elder, & Herbison, 2012; Henderson, France, Owens, &
Blampied, 2010y 1, many cases, infants are not actually in a sleep state throughout the
entire nighttime, however. They have developed self-regulated sleep, which is the ability to
fall back asleep on their own without signaling to their parents (Henderson etal., 2010y

Although many infants establish these sleep patterns, there is substantial individual
variability (Galland etal., 2012)_

Sleep quality has been found to be a critical predictor of developmental outcomes in early
childhood (Jenni & Dahl, 2008y gjeep promotes neural development and facilitates an alert
daytime state that allows for learning (Sadeh, 2007). Better quality of sleep has been
associated with higher scores on the mental development portion of the Bayley Scales
(Scher, 2005) and less daytime irritability (PeLeon & Karraker, 2007y i jnfancy as well as
better executive functioning in toddlerhood (Bernier, Carlson, Bordeleau, & Carrier, 2010y
Together, this work highlights the importance of sleep in laying a foundation for later
development.

Parenting Practices at Bedtime and Infant Sleep

Parents play an important role in helping their children to develop healthy sleeping patterns,
and a number of studies have identified specific bedtime parenting practices that are
predictive of sleep quality in infants. Several studies have found that parental presence at
bedtime and at night predicts more frequent infant night waking (Cronin, Halligan, &
Murray, 2008 | particular, longer time spent in contact with the infant, such as for feeding
or co-sleeping, has been associated with more frequent and longer night wakings (Mao,
Burnham, Goodlin-Jones, Gaylor, & Anders, 2004)_ The working hypothesis behind these
findings is that when infants consistently fall asleep with their parents present, they may not
learn how to settle to sleep on their own (Cronin etal., 2008y Thys, these infants may
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become reliant on parental intervention upon waking during the night. Nursing has also been
linked to more frequent infant night waking because breastmilk is digested more quickly
than formula. Breastfed infants, therefore, wake up more often in part because they become
hungry more often (Sadeh etal., 2010y Thys the association between feeding and infant
sleep must be examined separately for nursing and bottle-feeding. Finally, there is evidence
that infants' ability to sleep is compromised in stimulating environments, although this work
has not examined parent-created stimulation (Fajardo, Browning, Fisher, & Patton, 1990y
Drawing from these literatures, we examined close contact, nursing, bottle-feeding, and
arousing activities at bedtime as predictors of infant sleep.

In addition to studying concurrent relations between parenting practices and infant sleep, the
present study is unique in examining how parenting predicted change in infant sleep quality
over time, as well as how within-person variation in a mother's bedtime practices was linked
to her infant's sleep. Specifically, we investigated whether infants slept better on nights when
their mothers used less close contact, feeding, and arousing activities at bedtime. To our
knowledge, no prior study has examined how observational measures of parenting predicted
change in infant sleep and how variation within a mother's parenting are linked to variations
in infant sleep.

Parenting Quality at Bedtime and Infant Sleep

In contrast to the amount of published work on parenting practices and infant sleep,
comparatively few studies have examined linkages between parenting quality and infant
sleep. Work examining the association between maternal sensitivity during free play and
infant sleep has been mixed, with some studies finding a significant association (Priddis,
2009y and others not (Scher, 2001y additionally, a recent cross-sectional study found that
more emotionally available parenting at bedtime predicted fewer mother-reported infant
night wakings (Teti etal., 2010y parental sensitivity at bedtime in particular may be critical
for helping infants prepare for nighttime sleep. Because infants are tired at bedtime, they
may require more parental assistance in regulating their arousal and emotions. Furthermore,
as argued by Teti etal. (2010) fajling asleep requires trust in the safety of the environment.
Thus, by using comforting and soothing bedtime routines, mothers may promote better
nighttime sleep. This study sought to further develop this idea by examining parenting
quality at bedtime longitudinally and in concert with parenting practices. Within-person
variation in parenting quality was also studied in order to test whether infants tended to sleep
better on nights when parenting quality at bedtime was higher.

The current study examined parenting quality at bedtime via maternal emotional availability
(EA). EA assesses the overall quality of emotional attunement and communication with the
child and has been shown to be a reliable, valid measure of the quality of the parent-child
relationship in numerous studies (Biringen, Derscheid, Vliegen, Closson, & Easterbrooks,
2014). With its emphasis on the emotional quality of the interaction, maternal EA may be
particularly relevant to the bedtime context, which can be stressful for both parents and
infants.
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Interactive Influences of Parenting Quality and Practices

The work reviewed above highlights that research examining parenting quality and practices
generally has not been integrated. However, theoretical and empirical support exists for
examining their interactive influences. Darling and Steinberg (1993) arqyed that the
emotional quality of a parent's interactions with their child moderates the influence of
specific practices on developmental outcomes. Thus, in the context of a responsive, loving
relationship with their child, a parent's practices may be more effective in promoting their
socialization goals. Although few studies have tested this hypothesis, prior work with older
children has found that mothers' use of power assertive discipline techniques was linked to
greater child competence when mothers were more emotionally responsive to their children
(Towe-Goodman & Teti, 2008) and to poorer outcomes in the context of lower maternal
emotional support (McLoyd & Smith, 2002; Towe-Goodman & Teti, 2008)' Applying this
framework to infant bedtime, we suggest that reduced close contact and feeding at bedtime
may better guide the infant to sleep when accompanied by soothing, sensitive parental
responses to infant signals. In the absence of parental sensitive responsiveness, infants may
be more distressed by parental termination of contact at bedtime. On the other hand, more
arousing activities may exacerbate infant difficulty falling asleep when coupled with less
sensitive parental responses to infant cues.

Infant Sleep Predicting Parenting

Although most research on parenting and infant sleep has focused on parenting as a
predictor of infant sleep, transactional models suggest that poor infant sleep may predict the
very parenting behaviors (e.g., feeding, close contact) that perpetuate more frequent infant
waking (Sadeh etal., 2010y |nfants who have trouble sleeping may elicit more parental
presence at bedtime, which is thought to compromise an infant's ability to develop self-
regulated sleep. Furthermore, frequent infant night waking can lead to sleep disruption that
places parents at risk for increased distress and poorer parenting quality. For example, more
frequent infant night waking is predictive of higher maternal depressive symptoms, and this
association is likely attributable to mothers' sleep loss (Bayer etal., 2007) The parenting of
mothers who are depressed, in turn, has been shown to be characterized by flat affect,
intrusiveness, low contingent responsivity, and inattentiveness (G€lfand & Teti, 1990y
Further, child sleep problems have been found to predict lower maternal sensitivity in a
sample of older children (Bell & Belsky, 2008y |, the current study, infant nighttime sleep
was examined as a predictor of maternal close contact, feeding, and emotional availability at
bedtime.

Current Study

The current study examined how bedtime parenting practices and quality were associated
with infant sleep quality across the first 6 months. This study adds to the existing literature
in several ways. First, parenting and infant sleep quality were assessed via behavioral coding
of video recordings, rather than parental report. Additionally, parenting and infant sleep
quality were studied longitudinally, which allowed for examination of bidirectional linkages
between parenting and infant sleep and of within-person associations between variations in
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parenting and in infant sleep. We also incorporated a measure of arousing activities at
bedtime, which has not been studied previously. Finally, the present study examined
theoretically based (Parling & Steinberg, 1993y jnteractive influences of parenting practices
and quality on infant sleep quality.

In order to isolate the associations between parenting and infant sleep quality, three
covariates were also considered. Maternal depressive symptomology was entered in all
analyses because it has been linked to more intrusive nighttime parenting behavior (Teti &
Crosby, 2012y yel| as lower parenting sensitivity (5elfand & Teti, 1990) nfant co-sleeping
with a parent was considered as a covariate in the analyses predicting infant sleep because
co-sleeping has been associated with more infant nighttime awakenings (Mao etal., 2004y
Lastly, maternal sleep was examined as a covariate in the analyses predicting parenting
because poorer sleep quality or duration may compromise parents' ability to be responsive
and sensitive to their infants.

Hypotheses

The following hypotheses were proposed:

Hypothesis 1: Controlling for covariates, higher maternal emotional availability (EA) at
bedtime will be associated with less infant distress and more sleep across the night
concurrently and longitudinally, at both the within and between-person levels.

Hypothesis 2: Controlling for covariates, less maternal feeding, close contact, and arousing
activities at bedtime will be associated with less infant nighttime distress and more sleep
concurrently and longitudinally, at both the within and between-person levels.

Hypothesis 3: Controlling for covariates, the combination of higher maternal EA and less
feeding, close contact, or arousing activities at bedtime will be associated with the least
infant nighttime distress and most sleep concurrently and longitudinally. The combination of
lower EA and more feeding, close contact, or arousing activities will be associated with the
most nighttime distress and least sleep.

Hypothesis 4: Controlling for covariates, less infant nighttime distress and more sleep will
predict higher maternal EA and less feeding and close contact at bedtime at later time points.
There is no theory suggesting that poorer infant sleep quality would predict more arousing
activities; thus, this relationship was not tested.

Methods

Participants

Participants were part of a longitudinal study of parenting, infant sleep, and infant
development at a university in the Northeast U.S. All procedures were reviewed and
approved by the Institutional Review Board. Mothers were recruited from local hospitals
following the birth of their infants. Parents provided informed consent at the first home visit.
One hundred sixty seven infants and their parents participated in the study when they were 1
month old (Mage=1.21, SD=.16). Follow-up assessments took place when infants were 3
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(Mage=3.10, SD=.31) and 6 months (M,ge=6.14, SD =.41). Due to the labor intensiveness of
the parenting practices and infant sleep quality coding, a representative subsample of
approximately 70% of the participants (116 families) from the original sample was coded.
Because we originally intended to score the entire sample prior to the decision to reduce the
coding burden, there were 7 families for whom nighttime sleep data was coded but who did
not provide scorable bedtime data at any of the time points. This resulted in a final sample of
109 mothers and infants (46% male) who had data for at least one time point on all study
variables and therefore could be included in the analyses. Infants were firstborns in 31% of
the families. Eighty-four percent of mothers were married and living with their infant's
father. Mothers' average age was 29.9 years old (SD = 5.4), and they ranged in age from 19
to 43 years old. Eighty percent of mothers were White, 6% were African-American, 6%
were Latino, 4% were Asian-American, and 4% identified themselves as “Other.” Ninety
percent of mothers completed some post-secondary education, and 57% were employed
outside the home. Median yearly family income was $60,000 (SD = $53,000). The sub-
sample did not significantly differ from the original sample on any demographic or study
variables.

Video collection—At each time point project staff set up video equipment in the families'
homes for one night in order to capture parent-infant interactions at bedtime and nighttime.
Cameras were placed in locations where the infant was taken to prepare for bed, where the
infant slept, and where the infant was taken upon awakening at night. Up to four cameras
could be set up in the home. If the family indicated that an unusual event took place during
the night (e.g., if the infant became ill), a new night of video of collected. For specific details
regarding the video equipment and camera locations, please see Kim & Teti (2014) Thyee
separate coding teams scored bedtime parenting practices, bedtime maternal EA, and
nighttime infant state.

Maternal emotional availability coding—Maternal emotional availability during infant
bedtime was coded using the Emotional Availability Scales (EAS; Biringen Robinson, &
Emde, 1998). This system consists of four scales (sensitivity, structuring, nonintrusiveness,
nonhostility) that are intended to capture the emotional quality of parental interactions with
the child. Coders began scoring maternal EA once mothers and infants appeared on camera,
and considered the bedtime to be complete following 5 consecutive minutes of infant sleep.
EA is more often coded in parent-infant play contexts; thus, EA in this study was scored
using the adaptations to the bedtime context described by Teti etal. (2010) |nterrater
reliability was established between two coders. Intraclass correlations (ICC's) for the scales
ranged from .70-.99. A composite maternal EA score was created by converting the scores
for each scale to zscores and taking the mean. The ICC for composite EA ranged from .98-.
99. Internal consistency for EA was good (a = .74-.77). Eight percent of the sample was
double-coded at each age.

Bedtime parenting practices coding—Feeding (breast or bottle), close contact, and
arousing activities with the infant were scored for presence/absence for each 30 seconds of
the bedtime video. Close contact was defined as the mother holding the infant on her chest.
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Arousing activities were defined as interactions with the infant that increased his/her arousal
level, such as tickling or physical stimulation (e.g., twirling the infant around). Summary
codes reflecting the number of 30 second intervals mothers spent engaging in these practices
were totaled for analysis. Coders began scoring videos once the infant appeared on screen
and concluded when the infant was asleep for 5 consecutive minutes. Interrater reliability
was established between 4 coders. Coders were required to code at least 15 reliability tapes
and achieve an ICC above .70 for every code before they could code tapes on their own.
Average ICC's for nursing, bottle-feeding, close contact, and arousing activities were .99,
1.00, .97, and .89, respectively. Ten percent of the sample was double-coded at 1 and 3
months and 8% at 6 months.

Nighttime infant sleep coding—Infant distress and sleep states and whether the infant
was co-sleeping with a parent were scored for each 30 seconds of the nighttime video.
Distress was defined by infant fussing or crying. Infants were scored as asleep when their
eyes were closed and they were not making any gross motor movements. Co-sleeping was
scored when infants were sleeping on the same surface as a parent. Summary codes
representing the total number of intervals spent distressed, asleep, and co-sleeping were
created from this coding. Coders began the nighttime coding during the 30 second epoch
following the conclusion of bedtime coding and completed coding when infants were out of
bed the following morning. This method of assessing infant sleep-wake state during the
night, labeled videosomnography (Anders & Sostek, 1976y nas some advantages compared
to other measures. It is more objective than parental report and has greater specificity than
actigraphy because the observer uses infant eye opening and vocalizations in addition to
movement to determine state (Sitnick, Goodlin-Jones, & Anders, 2008 prjor work has
found quality of infant sleep as measured from one night of videosomnography to be
associated with parenting at bedtime (Anders, Halpern, & Hua, 1992y

Infant nighttime sleep quality coding was an intensive process that required between 5-10
hours per video, in addition to substantial time training on the coding scheme. Thus, there
were over 30 coders for this project. Coders were required to code at least 8 reliability tapes
and achieve an ICC above .70 for every code before they could code tapes on their own.
Average ICC's for infant distress, infant sleep, and co-sleeping were .82, .93, and 1.0,
respectively. Fifteen percent of the sample was double-coded at 1 and 3 months and 8% at 6
months.

Questionnaires

Maternal depression—At each time point mothers completed the depressive symptoms
subscale of the Symptom Checklist-90-Revised, which has well-established reliability and
validity (SCL-90-R; Derogatis, 1994y The questionnaire consists of 13 items that ask
mothers about their symptoms within the past two weeks. Examples of items include
“feeling hopeless about the future” and “feelings of worthlessness.” Participants respond on
a 5-point Likert-type scale (0 = “not at all”; 4 = “extremely.”) A total was created by
summing mothers' responses.
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Maternal Sleep Quality

Results

Actigraphy—Mothers' sleep quality was assessed across 7 days at each time point using
Mini-Mitter Actigraphy wristwatches (Model AW-64), which contain accelerometers that
measure activity and accompanying software that is used to determine sleep and wake states
from the raw data. In the current study we examined the percent of time mothers spent
asleep at night as well as sleep fragmentation index as potential predictors of bedtime
parenting. The sleep fragmentation index is produced by an algorithm that takes into account
the individual's activity level during sleep as well as how frequently sleep was interrupted by
activity.

Preliminary Analyses

In order to control for variation in bedtime and nighttime length, the summary codes for the
bedtime parenting practices and nighttime infant sleep quality variables were divided by the
total number of intervals coded. Bivariate correlations, means, and standard deviations for
the main study variables are provided in Table 1.

Primary Analyses

To test study hypotheses, multilevel model analyses were run in SAS 9.4 using Proc Mixed.
Two-level models were run. The models testing Hypotheses 1-3 predicted infant nighttime
distress and infant sleep from the parenting variables and included time as the level 1 unit of
analysis that was nested within each mother at level 2. Using multilevel models allowed us
to account for the dependency in the data resulting from repeated observations of the same
individuals. The models testing Hypothesis 4 predicted maternal EA and parenting practices
from the infant variables and included time as the level 1 unit and infant as level 2. All
analyses used maximum likelihood estimation to account for missing data in the dependent
variables. Twenty seven infants were missing nighttime data for at least one time point
because there was not sufficient data to score. However, 88% of the sample had data for at
least two time points. Sixty-six mothers were missing parenting data for at least one time
point because there was not sufficient data. Sixty percent of the sample had parenting data
for at least two time points. Although this is a substantial proportion of missing data,
simulation work indicates that in samples such as ours with more than 50 level 2 units,
having only one measurement at level 1 does not considerably influence parameter estimates
(Bell, Ferron, & Kromrey, 2008) Families with missing data did not differ from the larger
sample.

Models predicting infant nighttime distress and infant sleep quality from
parenting variables—The nested nature of the data required that we separate within-
person associations from between-person associations. Estimates of within-person
associations indicated how deviations in mothers' parenting were associated with their
infant's sleep quality. Estimates of between-person associations represented how the
parenting variables were associated with average infant sleep quality. Interaction terms with
infant age were created in order to examine how parenting quality and practices were
associated with change in infant sleep quality over time. The between- person estimates for
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the parenting practices variables were also multiplied by the between-person estimates for
maternal EA in order to test whether maternal EA moderated the influence of parenting
practices on infant sleep quality. These interactions were multiplied by infant age in order to
test whether maternal EA moderated the influence of parenting practices on infant sleep
quality over time. We examined both linear and quadratic change in the infant sleep
variables. Lastly, we entered between-person and within-person effects for the percent of
nighttime spent co-sleeping variable (M= .15, SD = .30) and maternal depressive symptoms
variable (M= 7.05, SD = 7.16) into the models predicting infant sleep and distress. We also
tested whether these covariates predicted change in infant sleep or distress over time by
multiplying them by infant age.

The equations for the model predicting infant distress are depicted below. The equations for
the model predicting infant sleep were identical.

Level 1

Distressq; =00i+01i Ageq; +52i (Age; * Agey;)
+083; EA 4+ 084;Close contact;
+0Bs: Arousing acts,;
+Bs;Nursing,,;
+07:Bottle feeding,;
+Bs; Cosleeping,,;
+0G9;Maternal depression,;+eg;

Level 2

Boi="o0+701EAi+702Close contact;
+v03Arousing acts;
+~04Nursing; +7o5Bottle feeding;
+706(EA; * Close contact;)
+707(EA; * Arousing acts;)+70s(EA; * Nursing;)
+700(EA; * Bottle feeding;)
+10Cosleeping;
+711Maternal depression;+po;
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Bri=v10+711EA;+712Close contact;
+713Arousing acts;
+714Nursing;+v15Bottle feeding;
+716(EA; * Close contact;)
+717(EA; % Arousing acts;)+7y18(EA; * Nursing;)
+719(EA; * Bottle feeding;)
~+90Cosleeping;
+v21Maternal depression;+py;

B2i="20t721EA;+722Close contact;
+793Arousing acts;
+724Nursing; +25Bottle feeding;
+726(EA; * Close contact,)
+7927(EA; % Arousing acts;)+72s(EA; * Nursing;)
+720(EA; * Bottle feeding;)
+v30Cosleeping;
~+v31Maternal depression;+po;

Model predicting infant distress. The first model predicted the percent of the night the
infant spent distressed. An unconditional model examining linear and quadratic change in
distress was tested first. The results indicated that nighttime distress decreased with age, B =
-.003, p<.0001. The quadratic component was also significant, B=.001, p<.001, and
suggested that across the sample there was a decline in infant distress from 1 to 3 months
with a small uptick from 3 to 6 months. Next, a conditional model including the parenting
variables was fit to the data. At time points when infants co-slept with a parent more than
their average, they were less distressed, B=-.012, p=.058. Additionally, there was a trend
for infants of mothers who were more emotionally available on average to be less distressed
on average, B=-.006, p=.06. At time points when mothers were more emotionally
available than their average, infants were less distressed, B =-.008, p < .001. The estimates
for close contact, arousing activities, nursing, bottle-feeding, and maternal depressive
symptoms variables did not approach significance.

The results provided some evidence suggesting that maternal EA moderated the influence of
maternal parenting practices on change in infant distress over time. There was a significant
interaction between maternal EA, nursing, and quadratic change over time, B=-.006, p<.
05 (Figure 1), which demonstrated that regardless of amount of nursing at bedtime, infants
of more emotionally available mothers showed a decline in nighttime distress from 1 to 3
months with a small uptick at 6 months. However, infants of less emotionally available
mothers who nursed more at bedtime showed the highest levels of distress over time. They
showed a similar quadratic pattern to the infants of more emotionally available mothers
though, with a decline in nighttime distress from 1 to 3 months and an increase from 3 to 6
months. Infants of less emotionally available mothers who nursed less at bedtime showed
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higher levels of distress but a linear decline with age. There were no other significant results
and non-significant terms were removed from the model. The final conditional model (Table
2) showed better fit to the data than the unconditional model, (2 (13, N=109) = 61.8, p<.
001).

M odel predicting infant sleep: The second model predicted the percent of nighttime the
infant spent asleep. An unconditional model examining how infant sleep percentage tended
to change across age was fit to the data first. The linear estimate indicated that infant sleep
increased over time, B=.039, p<.001. However, the quadratic estimate indicated that
amount of infant sleep increased sharply from 1 to 3 months and then leveled off, B=-.009,
p<.001. Next, a conditional model was fit that included all of the parenting variables
described previously in order to test the study hypotheses. Arousing activities at bedtime
were associated with less sleep, B=-.188, p< .05, and there were trends for infants to sleep
less on average when they spent more time co-sleeping with a parent, B=-.040, p= .10 and
when they spent more time in close contact with their mother at bedtime, B=-.076, p=.07.
In addition, at specific time points when infants spent more time in close contact with their
mother at bedtime there was a trend for them to sleep less, B=-.070, p= .08, and at specific
time points when mothers were more emotionally available, infants slept more, B=.052, p
< .01. Terms for bottle-feeding, nursing, and maternal depressive symptoms did not
approach significance.

Several interactions between quality of mothers' bedtime parenting and specific parenting
practices were significant. Less close contact at bedtime on average predicted more sleep for
infants whose mothers were more emotionally available, but infants of less emotionally
available mothers slept less regardless of how much close contact they received, B=-.099, p
<.05 (Figure 2). There was also some evidence that parenting at bedtime predicted change
in infant sleep over time. Infants whose mothers nursed them less on average at bedtime
showed a steeper increase in the percentage of nighttime they spent asleep over time than
infants who nursed more, B=-.056, p< .01 (Figure 3a). There was also a significant
interaction between maternal EA, arousing activities, and quadratic change, B=.389, p=.
05 (Figure 3b). This interaction demonstrated that infants of mothers who were more
emotionally available and who used fewer arousing activities at bedtime tended to show a
steeper increase in nighttime sleep over time than other infants. There were no other
significant results and non-significant terms were removed from the model. The final
conditional model (Table 3) showed better to the fit to the data than the unconditional model,
(2 (19, N=109) = 40.6, p< .01).

Models predicting parenting from infant nighttime distress and infant sleep
quality—The next set of analyses examined whether the percent of nighttime the infant
spent distressed or asleep predicted later parenting practices and EA (Hypothesis 4). Within-
and between-person estimates were created for infant nighttime distress and sleep. The
within-person variables were then lagged in order to test whether infant distress and sleep at
a given age point predicted later parenting. We also created within- and between-person
effects for mothers' average percent of sleep per night (M= 84.25, SD = 6.00), sleep
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fragmentation (M= 33.25, SD = 10.39), and depressive symptoms (M= 7.05, SD=7.16) in
order to examine these variables as covariates.

The equations for this model predicting maternal EA are depicted below. The equations for
the models predicting the parenting practices variables were identical.

Level 1

EAn=Bom+BimInfant distressqn,
+0BamLagged infant distressg,,
~+BsmInfant sleep,,,
+BamLagged infant sleep,,,
+B5_emMaternal sleep variables,,,

+B7mMaternal depression,,,,+eam

Level 2

Bom="Y00+"01Infant distress,,
+702Infant sleep,,
+v03—4Maternal sleep variables,,

+vosMaternal depression,,,+/om

The results indicated that neither infant distress nor sleep predicted parenting practices.
However, there were significant effects for the model predicting maternal EA. A conditional
model including the covariates and the lagged, within-person, and between-person effects
for infant nighttime distress and sleep was fit. Higher infant distress predicted lower
maternal EA at the following time point, B=-10.89, p < .01. There was also a significant
within-person effect for infant nighttime distress, B=-14.89, p= .05, and the effect for
between-person distress approached marginal significance, B=-14.82, p=.10. There was a
trend-level association between more infant sleep and higher maternal EA, B=1.93, p=.07.
Terms for lagged infant sleep as well as mothers' sleep quality and depressive symptoms did
not approach significance and therefore were not included in the final model. The fit of the
conditional model (Table 4) was significantly better than that of an empty model, (2 (5, N =
109) =17.2, p< .01).

Discussion

Overall, these results suggest that the quality of maternal interactions as well as the activities
mothers engage in with their infants at bedtime are associated with nighttime distress and
sleep in early infancy. Parenting quality also appears to moderate the effect of parenting
practices on infant distress and sleep in the manner theorized by Parling & Steinberg (1993)
However, the findings also suggest that infant nighttime distress is linked to later parenting
quality. These results have important implications for recommendations that are made to
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parents for how to promote healthy sleep development in early infancy, and for
understanding the role that infant nighttime behavior may play in influencing parenting.

Maternal EA and Infant Nighttime Distress and Sleep

First, the results supported Hypothesis 1 that higher maternal EA would be associated with
less infant distress and more sleep. At time points when mothers were more emotionally
available than their average, infants spent more of the nighttime asleep and less of it
distressed. To our knowledge, this is the first study to show a within-person association
between maternal care and infant sleep quality. These results demonstrate that there is an
association between maternal EA and objective measures of infant sleep patterning and
therefore replicate and extend earlier work identifying an association between EA and
maternal report of infant sleep quality (Teti et al., 2010y Maternal sensitivity and
responsiveness in the bedtime context may best promote a sense of security and comfort in
the infant that allows for deeper and more restful sleep and lessens the likelihood that the
infant calls out to the parent in distress.

Parenting Practices and Infant Nighttime Distress and Sleep

In Hypothesis 2, we predicted that infants of mothers who engaged in less feeding, close
contact, and arousing activities at bedtime would show less nighttime distress and more
sleep. This hypothesis was partially supported. There were no direct linkages between
parenting practices and infant nighttime distress, but one direct and two trend-level
associations between parenting practices and infant nighttime sleep. First, infants of mothers
who used fewer arousing activities at bedtime spent more of the nighttime asleep. This was
consistent with our expectation that when mothers engage in more stimulating activities at
bedtime, it may be more challenging for infants to achieve a restful state throughout the
night. Similarly, we found a trend for infants who spent more of bedtime in close contact
with their mothers to sleep less, supporting theory suggesting that when infants spend more
time before bed in close contact with their parents they become reliant upon parental contact
to return to sleep upon awakening at night. These infants may be awake longer, therefore,
because they have more difficulty self-soothing to sleep. This effect was also seen at the
within-person level, as there was a trend for infants to sleep less at time points when mothers
engaged in more close contact than their average at bedtime.

We found one longitudinal association between parenting practices and infant sleep. This
finding showed that less time spent nursing at bedtime on average was associated with more
rapid improvement in infant sleep over time. This result also supports theory suggesting that
when infants spend more time in contact with parents, such as for feeding, they may begin to
rely on parental contact to return to sleep. Furthermore, this result is consistent with prior
work showing that breastmilk is digested more quickly and therefore infants who are
breastfed rather than bottle-fed wake up more often to eat as a result (Sadeh etal., 2010y
The relative lack of direct effects for parenting practices may be because the emotional
quality of mother-infant interaction was a more critical determinant of how well the infant
slept. Several interactive effects detected in our study, to which we turn next, support this
premise.
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Interactive Effects on Infant Nighttime Distress and Sleep

Hypothesis 3 concerned interactive effects between parenting practices and quality
predicting infant nighttime distress and sleep. We found support for this hypothesis via
several interactions. Less close contact at bedtime on average was associated with more
infant sleep when mothers were more emotionally available, whereas infants of less
emotionally available mothers slept less regardless of close contact. There was an identical
interaction between maternal EA and arousing activities, but it was qualified by a three-way
interaction with change over time that we will discuss next. These results support earlier
findings suggesting that less close contact at bedtime is related to better infant sleep. They
also support Darling and Steinberg's (1993) theory that parenting practices are most effective
in the context of loving, responsive parenting. However, these two interactions did not
support the idea that the combination of lower EA and more feeding, close contact, or
arousing activities would predict the poorest infant sleep quality. Rather, lower maternal EA
on its own was linked to less sleep and there was not an addictive effect of close contact or
arousing activities.

We found two significant interactions between parenting practices and developmental
change in infant distress and sleep. First, infants of mothers who were more emotionally
available and used less arousing activities at bedtime showed the steepest increase in the
percent of nighttime spent asleep, compared to other infants. Thus, infants whose mothers
were more emotionally available and engaged in fewer arousing activities developed
consolidated sleep earlier in development. Arousing activities seemed to negate any benefit
of higher maternal EA. The other significant interaction showed that infants of less
emotionally available mothers who nursed more at bedtime showed the highest levels of
distress over time, although similar to infants of more emotionally available mothers these
infants showed a decline in distress from 1 to 3 months and a slight uptick from 3 to 6.
These results support our earlier findings that higher EA is associated with better sleep
quality and suggest that the combination of more nursing with lower EA is linked to more
infant nighttime distress. This may be because infants come to rely on being nursed back to
sleep and become distressed to elicit parental nighttime intervention, and also because
infants of less emotionally available mothers may not achieve the same level of comfort,
safety, and security for sleep as infants of more emotionally available mothers.

Infant Nighttime Distress and Sleep Predicting Parenting

We found evidence in support of Hypothesis 4, that infant nighttime distress and sleep would
predict parenting. When infants were more distressed than their average, mothers were less
emotionally available at the following time point. This is in line with prior work indicating
that young children who experience higher distress may be challenging to care for (van den
Bloom, 1994). Furthermore, it suggests that mothers are sensitive to variations in their
infants' distress. Infant sleep, however, did not predict later maternal EA. Infant nighttime
distress may be more salient to mothers than infant sleep because distress typically recruits a
parental response. Finally, neither infant nighttime distress nor sleep predicted parenting
practices, and thus there was no evidence supporting an infant-driven model of bedtime
parenting practices.
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Implications

Altogether, the results suggest that maternal parenting quality and practices at bedtime are
associated with infant nighttime distress and sleep. Understanding how parents may
influence the development of infant sleep patterns, as well as which infants may be at risk
for lower parenting quality, has important implications for promoting healthy behavioral and
cognitive outcomes in children. The findings could inform early intervention, as they suggest
that infants are sensitive to variation in their mother's care and that mothers are sensitive to
variation in infant distress. This indicates that infants would be responsive to positive
changes in their mother's parenting behavior, and that teaching mothers ways to reduce
infant nighttime distress may have a compounding effect that benefits parenting further over
the long term. In addition to promoting parental sensitivity to infants at bedtime, clinicians
could encourage reduction of physically stimulating activities in this context at all ages.
However, it may be more difficult for parents to reduce feeding at the earlier ages in
particular. Instead infants may benefit from feeding earlier within the bedtime routine such
that feeding directly to sleep is less likely. Furthermore, the results support the use of
observational methods of parents and infants in the bedtime and nighttime contexts and
suggest that meaningful measures of parenting and child regulation can be captured from
one night of video. In particular, they highlight the usefulness of studying arousing activities
at bedtime as a predictor of infant sleep quality.

Limitations and Future Directions

There are several limitations of our study. First, the sample was largely Caucasian
Americans. Parenting practices and sleep arrangement choices are strongly linked to culture
and therefore it is likely that the results would be different across other cultural groups.
Further work examining these research areas in other groups is imperative for determining
the type of parenting that best supports infant sleep in the cultural context in which the infant
is growing up. We must also knowledge the role that genetics may have played in the results;
it is possible that genetically-based characteristics passed down from the mother to the child
account for the link between parenting and infant sleep. Additionally, because paternal
involvement at bedtime was limited at this young age, we focused on mothers. However, it is
likely that fathers also influence infant sleep, and potentially in different ways from mothers.
This will be an important avenue for future research, particularly when children are older
and fathers may be more involved. A substantial portion of the sample also did not have
bedtime data at every time point because the parents did not turn on the cameras in time. In
future studies more cameras may be set up and could be left on by project staff so that
families do not need to remember to do this.

In addition, in order to reduce the burden both on the families and on behavioral coders, the
parenting and infant sleep data were collected across one rather than multiple nights at each
time point. Future work may benefit from data collection across multiple nights at each age
in order to better account for individual variability in both parenting and sleep. Data
collection across multiple nights would also allow for the opportunity to study potential
mediators of the associations between infant distress and parenting the following day, such
as parental sleep deprivation, mood, and affect. Studying these factors on a daily scale rather
than across months may allow for a more precise examination of lagged associations.
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Conclusions

Our results shed further light on potential determinants of change in infant sleep quality
across the first 6 months of life. Maternal parenting quality, parenting practices, and their
interaction emerged as important predictors of infant nighttime distress and sleep across
time, and infants were sensitive to variation within their mother's caregiving. However,
infant nighttime distress also predicted quality of maternal parenting, highlighting the
complex interplay between mothers and infants in the development of infant sleep patterns.
Future investigations into these mutual influences should help clarify how parenting and
infant sleep operate in concert to predict cognitive and behavioral outcomes in childhood.
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Table 2
Estimates for model predicting infant nighttime distress percentage

Estimate SE. t(N=109)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fixed Effects
Intercept .008 002 453**
Linear Change -.004 001 _ggg**
Quadratic Change .001 000  459**
Mean Co-sleeping -.006 .004 -1.37
Deviations in Co-sleeping -.012 006 _q907
Mean Maternal EA -.006 003 1907
Deviations in Maternal EA -.008 002 3g7**
Mean Nursing -.008 .009 -87
Deviations in Nursing .001 .006 .20
Mean Maternal EA x Mean Nursing 011 016 .72
Mean Maternal EA x Linear Change .002 001 551*
Mean Nursing x Linear Change -.003 .003 -1.29
Mean Maternal EA x Mean Nursing x Linear Change .006 .004 142
Mean Maternal EA x Quadratic Change -.000 001 -55
Mean Nursing x Quadratic Change .004 002 o5
Mean Maternal EA x Mean Nursing x Quadratic Change -.006 003 9o3*
Random Effects
Intercept .0001 0000 9 3g**
Residual .0001 0000 701**

Note.
HA
Significantat p< .01
*
Significant at p< .05

fSignificant at p<.10
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Table 3
Estimates for model predicting infant nighttime sleep percentage

Estimate SE. t(N=109)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fixed Effects
Intercept .854 013 507"
Linear Change .038 004 ga3™*
Quadratic Change -.008 002 _399**
Mean Co-sleeping -.040 031 1607
Mean Maternal EA .017 024 74
Mean Arousing Activities -.188 853 _991*
Mean Nursing .016 052 .30
Mean Close Contact ~ -.076 043 1797
Deviations in Co-sleeping -.064 .054  -1.17
Deviations in Maternal EA .052 017 301
Deviations in Arousing Activities .035 341 10
Deviations in Nursing .002 .054 .04
Deviations in Close Contact -.070 040 1767
Mean Maternal EA x Mean Arousing Activities -3.07 108  _pg5**
Mean Maternal EA x Mean Close Contact -.099 052 _193*
Mean Maternal EA x Linear Change .004 .006 .60
Mean Arousing Activities x Linear Change -.436 324 -1.34
Mean Nursing x Linear Change -.056 018  _306™F
Mean Maternal EA x Mean Arousing Activities x Linear Change -.556 370 -1.50
Mean Maternal EA x Quadratic Change -.002 .004 -53
Mean Arousing Activities x Quadratic Change 231 159 145
Mean Maternal EA x Mean Arousing Activities x Quadratic Change .389 200 195
Random Effects
Intercept .0019 0011 170
Residual ~ .0090  .0012 793**

Note.
Aok

Significant at p< .01
*

Significant at p< .05

fSignificant at p<.10
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Table 4

Estimates for model predicting maternal EA

Estimate SE. t(N=109)
Fixed Effects
Intercept -.092 .087  -1.05
Mean Infant Sleep 1.93 106 qgo7
Deviations in Infant Sleep .359 768 .47
Mean Infant Distress ~ -14.82 882 _1gg’
Deviations in Infant Distress -14.89 7371 02"
Lagged Infant Distress ~ -10.89 382  pg5**
Random Effects
Intercept ~ .3275  .0794 4q3**
Residual 2082 4570 456**

Note.
Ak
Significant at p< .01
*
Significant at p< .05

fSignificant at p<.10
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