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Abstract

Infant sleep consolidates rapidly during the first half year of life in the context of a dynamic, 

bidirectional exchange between infant characteristics and the caregiving environment. The current 

study examined relations among mothers’ emotional availability (EA) at bedtime, infant 

temperament, and objectively assessed infant sleep development from 1 to 6 months, and in 

particular focused on whether infant temperament moderated linkages between EA at bedtime and 

infant sleep development. The sample consisted of seventy-two mother-infant dyads, and measures 

included actigraphy-assessed infant sleep at 1 and 6 months, observed maternal EA coded from 

bedtime videos at 3 and 6 months, and maternal reports of infant temperament at 3 and 6 months. 

Analysis showed significant positive effects of maternal EA at bedtime on developmental changes 

in infant sleep minutes. Additionally, infant temperamental surgency moderated the influence of 

EA at bedtime on the increase in infant sleep minutes. In other words, highly surgent infants 

increased their sleep time more than other infants if their mothers were emotionally available at 

bedtime. Results were discussed in terms of the transactional model of infant sleep development.
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1. Introduction

Infant sleep consolidates rapidly during the first half year of life, lengthening in nighttime 

sleep and reducing in waking frequency and duration (Burnham, Goodlin-Jones, Gaylor, & 

Anders, 2002; Henderson, France, & Blampied, 2011). While infant sleep follows a 

maturational trend and displays moderate stability over time (Anders & Keener, 1985; Scher, 

Epstein, & Tirosh, 2004), individual differences in sleep development are considerable 

(Burnham et al., 2002). Drawing from the transactional model of child development 

(Sameroff, 1989), Sadeh and colleagues proposed that infant sleep is influenced by dynamic, 

bidirectional exchanges between intrinsic infant characteristics and the caregiving 
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environment (Sadeh & Anders, 1993; Sadeh, Tikotsky, & Scher, 2010). Although this model 

has been around for over two decades, most studies to date have examined the effect of 

parenting practices on infant sleep separately or additively from the effect of infant 

temperament on infant sleep, inadvertently dismissing their interaction effect. Moreover, 

despite the vast literature on parenting practices and infant sleep, parenting quality at 

bedtime has been rarely examined (Sadeh et al., 2010). The present study investigated the 

influences of bedtime parenting quality (emotional availability), infant temperament, and 

their interaction on the developmental changes in objectively assessed infant sleep from 1 to 

6 months of life.

1.1. Parenting and Infant Sleep

Environment contributes substantially to sleep behaviors of infants and young children, 

according to recent behavioral genetic studies (Ando et al., 2006; Brescianini et al., 2011; 

Fisher, van Jaarsveld, Llewellyn, & Wardle, 2012; Touchette et al., 2013). Among 

environmental influences, parent-infant interactions at bedtime and during the night have 

been identified as significant predictors of infant sleep problems (Sadeh & Anders, 1993). 

For example, high level of parental involvement, short response latency to infant 

awakenings, and active soothing at bedtime have been related to frequent infant night 

wakings in correlational and experimental studies (Johnson, 1991; Mindell, Telofski, 

Wiegand, & Kurtz, 2009; Sadeh et al., 2010).

Most studies of linkages between parenting and infant sleep have focused on parenting 

practices, or what parents do, rather than on parenting quality (e.g., sensitivity, warmth, non-

intrusiveness, etc.). At least two studies have shown that daytime parenting quality such as 

sensitivity (Priddis, 2009) and reduced dyadic tension (Minde, Faucon, & Falkner, 1994) 

was associated with better quality of infant sleep. Other studies (Teti, Kim, Mayer, & 

Countermine, 2010; Scher, 2001) have examined parenting quality as operationalized as 

emotional availability (EA) and infant sleep. The EA framework (Biringen, 2000) integrates 

attachment theory’s emphasis on parental sensitivity and infants’ secure base behavior, and 

emotional availability theory’s emphasis on dyadic affective attunement and emotional 

communication. Parental EA examines the ability of parents to understand their children’s 

cues and to give appropriate emotional responses, and it incorporates dimensions such as 

sensitivity, structuring, non-intrusiveness, and non-hostility. Parental EA has been 

demonstrated to contribute to child development in various domains and to child-parent 

attachment (Biringen, 2000; Easterbrooks, Bureau, & Lyons-Ruth, 2012). Child EA reflects 

the child’s affective quality and secure base behavior, and consists of dimensions of 

responsiveness to and involvement with the parent (Biringen, 2000). Using this framework, 

Scher (2001) found that higher levels of daytime infant EA, rather than parental EA, 

predicted more (not less) sleep disruptions in 12-month-old infants.

Only one published study to date has examined maternal EA at bedtime. Teti et al. (2010) 

adapted the Emotional Availability Scale (EAS; Biringen, Robinson, & Emde, 1998), which 

was originally developed in context of daytime parent-child interactions, to assess parenting 

quality at bedtime. In their study, mothers judged to be emotionally available were those 

who recognized and responded to infant cues appropriately (sensitivity), guided infants 
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toward sleep using soothing bedtime routines (structuring), restrained from initiating active 

plays or talks with infants (non-intrusiveness), and expressed no overt or covert impatience 

or irritation (non-hostility). The study found that bedtime EA, but not specific parenting 

practices, predicted fewer infant sleep disruptions reported by mothers. The investigators 

proposed that maternal EA at bedtime would promote infants’ feelings of security and trust 

in their sleep environment, which in turn would help infants adapt to separation from their 

attachment figures during sleep. A potential weakness of their study, however, was the use of 

mothers’ reports of infant sleep (a daily sleep diary) rather than a more “objective” measure. 

Research showed that parental reports of infant sleep may provide useful estimates for sleep 

onset but tend to underestimate infant awakenings and overestimate actual sleep time (Scher, 

Epstein, Sadeh, Tirosh, & Lavie, 1992), perhaps because parents are unlikely to notice infant 

wakings that occurred without signaling. On the other hand, although movement-based 

actigraphy does not perfectly differentiate quiet wakefulness from sleep, it has been 

validated against polysomnography and used as a noninvasive, continuous measure of infant 

sleep (So, Buckley, Adamson, & Horne, 2005). Therefore, it is necessary to examine the 

effect of maternal EA during the bedtime period on infant sleep quality and quantity 

assessed by actigraphy. We hypothesized that higher maternal EA would predict increased 

sleep quantity and quality, above the effect of sleep maturation.

1.2. Infant Temperament and Infant Sleep

The development of infant sleep is likely to be influenced not only by parenting, but also by 

infant intrinsic characteristics, such as temperament, maturation, and other biomedical 

factors (Sadeh & Anders, 1993; Sadeh et al, 2010). Temperament has been variously 

conceptualized and defined (Buss & Plomin, 1984; Chess & Thomas, 1984; Goldsmith & 

Campos, 1982; Shiner et al., 2012). The present study makes use of Rothbart’s 

conceptualization of temperament, which defines it as “constitutionally based individual 

differences in reactivity and self-regulation, in the domains of affect, activity, and attention” 

(Rothbart & Bates, 1998, p. 100). This model describes infant temperament with three 

“superfactors” (Positive Emotionality/Surgency, Negative Affectivity, and Orienting/

Regulation) (Gartstein & Rothbart, 2003), each of which contains a number of 

subdimensions. Our choice of Rothbart’s temperament model was based on its emphasis on 

the hierarchical structure of temperament and its conceptualization of temperament as 

indexing infant capacities for self-regulation (Shiner et al., 2012).

No published study has to date examined linkages between infant sleep and infant 

temperament using Rothbart’s measurement model. However, a number of previous studies 

using other temperament measures have found linkages between infant sleep and specific 

temperament dimensions that appear to map straightforwardly onto one of the three Rothbart 

superfactors. For example, infants characterized by positive mood, high approach, and high 

sociability have been found to sleep longer at night or have fewer sleep problems than 

infants characterized by negative mood, high withdrawal, and poor regulatory capacity 

(Atkinson, Vetere, & Grayson, 1995; Halpern, Anders, Garcia Coll, & Hua, 1994; Scher, 

Tirosh, & Lavie, 1998; Spruyt et al., 2008Weissbluth, 1981). Positive mood, high approach, 

and high sociability appear to map straightforwardly onto Rothbart’s temperament 

superfactor of Positive Emotionality/Surgency, which describes infants who are emotionally 
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positive, physically and verbally active, easily excited by and likely to approach novel or 

social stimuli. However, other temperament dimensions which are also nested in Rothbart’s 

model under Positive Emotionality/Surgency have not been associated with better infant 

sleep. For example, Kelmanson (2004) reported that infants with high activity level 

(characteristic of surgent infants) showed more variability in nighttime sleep than did infants 

with low activity level (Kelmanson, 2004). In addition, Carey (1974) and Sadeh et al. (1994) 

reported that infants and toddlers with low sensory thresholds (also characteristic of surgent 

infants) tended to wake up more frequently at night. Moreover, unlike negative affectivity 

and orienting/regulation, for which higher and lower scores, respectively, indicate poorer 

regulatory capacity, the link between surgency and regulatory capacity is unclear (Gartstein 

& Rothbart, 2003). Thus, hypotheses regarding the link of surgency and infant sleep 

development were withheld.

Other studies of temperament-sleep linkages have reported associations between high infant 

irritability and inhibition and frequent infant awakenings at night (Halpern et al., 1994), and 

between high infant negative mood and short sleep duration (Kelmanson, 2004; Weissbluth, 

1981). These dimensions appear to map onto Rothbart’s temperament superfactor of 

Negative Affectivity, which incorporates infants’ sadness, fearfulness, withdrawal, easy 

frustration due to limitations, and difficulty in recovering from stress. Therefore, we 

expected that higher negative affectivity would predict decreased sleep length and sleep 

quality from 1 to 6 months. Finally, previous research has associated higher-quality infant/

toddler sleep with higher infant persistence, adaptability, soothability, and rhythmicity, and 

lower infant distractibility (Kelmanson, 2004; Sadeh, Lavie, & Scher, 1994; Scher et al., 

1992; Scher et al., 1998). These temperament factors correspond to Rothbart’s superfactor of 

Orienting/Regulation, which taps infants’ attention span, low-intensity pleasure, and 

soothability. Based on these findings and the hypothesis of overlapping regulatory systems 

of sleep, affect, and attention (Dahl, 1996), we expected that better orienting/regulation 

would predict increased sleep length and quality.

1.3. Temperament as a Potential Moderator in the Relation of Parenting and Infant Sleep

In addition to examining direct linkages between the emotional quality of bedtime parenting, 

infant temperament, and infant sleep, we were also interested in exploring infant 

temperament as a potential moderator of associations between parenting quality and infant 

sleep. Indeed, as a constitutionally based individual characteristic, temperament has been 

hypothesized to be a potential moderator of socialization experience (Rothbart & Bates, 

2006). Children with different temperamental profiles may be sensitive to different types of 

parenting (Sanson & Rothbart, 1995). Two extant theoretical models that inform 

expectations about the moderating impact of infant temperament on parenting-infant sleep 

relations are the diathesis-stress model and the differential susceptibility model. The 

diathesis-stress model proposes that individuals with highly reactive temperamental profiles 

will be more vulnerable to negative environment than those with less reactive profiles 

(Monroe & Simons, 1991). The differential susceptibility hypothesis (Belsky & Pluess, 

2009) expands upon the diathesis-stress hypothesis and proposes that temperamentally 

highly reactive individuals will not only be strongly and detrimentally affected by negative 

environmental influences but, for the same reason, be strongly and positively affected by 
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favorable environmental influences. In terms of specific temperament factors, high negative 

affectivity has been identified by many studies as either a marker of vulnerability or 

plasticity in response to rearing influences (for review, see Belsky & Pluess, 2009). Other 

studies have shown that exuberance (similar to Rothbart’s superfactor of surgency) and 

effortful control (including attentional focusing and inhibitory control of behavior) can serve 

as moderators of parenting effects on child socioemotional development and behavior 

problems (for review, see Kiff, Lengua, and Zalewski (2011), and Rothbart and Bates 

(2006)).

Despite the wealth of studies demonstrating that child characteristics moderate the effect of 

parenting on child outcomes, there has been no study, to our best knowledge, examining the 

moderating role of infant temperament in the relation between parenting quality and infant 

sleep. Such a study is overdue. Infant sleep matures remarkably during the first half year of 

life; however, rates of sleep maturation are not uniform (Burnham et al., 2002; Henderson et 

al., 2011), which may be due to differences in parenting quality at bedtime, infant 

temperament, and their interactions. The current study thus examined temperament as a 

potential moderator of links between maternal EA at bedtime and objectively assessed infant 

sleep development from 1 to 6 months. Infant sleep at 1 month was controlled, and as a 

result, the study focused on residualized changes in infant sleep, which reflected how an 

infant’s sleep developed relative to group trends of sleep maturation. We did not specify a 

certain interaction pattern. The following pattern, if emerging, would be compatible with the 

diathesis-stress model: low maternal EA at bedtime would predict decreased sleep length 

and quality from 1 to 6 months only for infants with high negative affectivity or poor 

regulatory capacity, but would not predict sleep development for infants with low negative 

affectivity or good regulatory capacity. Another pattern, if emerging, would be compatible 

with the differential susceptibility hypothesis: compared with infants with low negative 

affectivity or good regulatory capacity, infants with high negative affectivity or poor 

regulatory capacity would develop longer and better sleep if their mothers showed high EA 

at bedtime, but they would develop shorter and poor sleep if their mothers showed low EA. 

Again, because of the ambiguous link between surgency and regulatory capacity, hypotheses 

concerning the potential moderating role of surgency were withheld.

2. Method

2.1. Participants

Data were drawn from a longitudinal study of parenting, infant sleep, and infant 

development, Project SIESTA II (Study of Infants’ Emergent Sleep TrAjectories II). The 

study has been approved by the institutional review board in the authors’ university. 167 

families from central Pennsylvania were recruited through local hospitals when mothers 

were pregnant. Infants and both parents participated in the study when infants were one 

month old until 24 months.

All the families that had complete data on the Infant Behavior Questionnaire-Revised (IBQ-

R, Gartstein, & Rothbart, 2003) and maternal EA at bedtime at both 3 and 6 months and 

infant sleep actigraphy at both 1 and 6 months were included in the current study, which 

resulted in a final sample of 72 families. We chose not to impute missing data, because we 
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wished to base our findings on EA and infant sleep data that we actually observed, not 

imputed from covariates. Number of families that had data for key variables and 

demographics of the final sample are listed in Table 1. The final sample did not differ from 

the total sample in terms of key variables (including infant temperament, maternal EA, and 

infant sleep), infant gender, maternal age, number of children the mother has, mothers’ 

education, family income, or mothers’ depressive symptoms. However, mothers in the final 

sample were more likely to be European American (89% vs. 78%) and married and living 

with partner (89% vs. 75%), but less likely to be employed at 1 month (51% vs. 71%) 

compared with mothers in the total sample.

2.2. Procedures

Families in the larger study were visited at home for three times during one full week when 

the children were 1, 3, 6, 9, 12, 18, and 24 months, while the current study used data of 1, 3, 

and 6 months. Bedtime parenting videos were usually taken on the first night of each week.

2.3. Measures and coding

Demographic data—When infants were 1 month, parents filled out demographic 

questionnaires which collected information on the infant’s day of birth, gender, parental age, 

education, employment, family annual income, ethnicity, number of siblings, etc.

Infant sleep—Infants wore the Mini-Mitter Actigraphy wristwatches (Model AW-64) on 

their calves throughout the home visit week. This device recorded infants’ physical activity 

level, from which information on infant sleep and awakenings was derived. After the visit, 

the recordings from Actigraphy were downloaded onto the project computer and read by the 

software Actiware version 5.59. Summary scores of infant sleep were calculated by 

averaging data across the seven days in order to provide more reliable data than single-day 

data. Three sleep variables were used in current analysis to reflect two distinct 

characteristics of sleep: quantity and quality (Pilcher, Ginter, & Sadowsky, 1997): average 

infant nocturnal sleep minutes (total duration of infant sleep subtracted by infant awake 

minutes between sleep onset and final wakeup) was the indicator for sleep quantity, while 

average wake minutes (total duration of waking time between sleep onset and final wakeup) 

and average sleep efficiency (identical to percent of sleeping time between sleep onset and 

final wakeup) were indicators for sleep quality.

Infant temperament—Temperament at 3 and 6 months was measured by mothers’ report 

on the revised version of the Infant Behavior Questionnaire (IBQ-R, Gartstein & Rothbart, 

2003), one of the mostly widely used measurement of infant temperament. IBQ-R is a 191-

item, comprehensive measure of infant temperament designed for use among infants under 

12 months. It yields three broad-band factors of Positive Emotionality/Surgency, Negative 

Affectivity, and Orienting/Regulation. The three superfactors were used as summary scores, 

calculated by averaging scores of primary loading scales (Gartstein & Rothbart, 2003). The 

superfactor Negative Affectivity was the average score of subscales of Sadness, Distress to 

Limitations, Fear, and reverse-scored Rate of Recovery (α = .68 at 3 months and .62 at 6 

months). The superfactor Positive Emotionality/Surgency was the average of subscales of 

Approach, Vocal Reactivity, High Intensity Pleasure, Smiling and Laughter, Activity Level, 
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and Perceptual Sensitivity (αs = .81 at both 3 and 6 months). The superfactor Orienting/

Regulation was the average of subscales of Low Intensity Pleasure, Cuddliness/Affiliation, 

Duration of Orienting, and Soothability (α = .58 at 3 months and .60 at 6 months). IBQ-R 

has established good internal consistency and inter-parent agreement, as well as convergent 

validity with behavioral measurements of temperament (Gartstein & Rothbart, 2003; Parade, 

& Leerkes, 2008).

Maternal Emotional Availability (EA)—Video and audio equipment was set up in 

participating families’ homes where bedtime and infant sleep usually took place. A Bosch 

Divar XF 8-Channel Digital Versatile Recorder was used for video and audio recording, 

infrared security cameras by ARM Electronics (Model No. C420BCVFIR) for video 

information collecting, and Channel Vision microphones (Model No. 5104-MIC) for audio 

information collecting. In most homes, two to four cameras were set up to capture the 

parent-infant interaction during bedtime and nighttime. At least one camera was set up 

above the infant’s crib or bed where infant sleep took place. Other cameras were usually set 

up to capture the infant’s changing table, the chair where parents fed the infant, or an 

overview of the infant’s room, depending on parent-reported locations of bedtime and 

nighttime. Parents were instructed to turn on the camera about one hour before bedtime 

began and turn off the camera after the infant woke up in the morning to ensure complete 

recordings of bedtime and nighttime infant activities.

Videotaped parent-infant interactions at bedtime that lasted for at least two minutes were 

coded for maternal EA (coders considered shorter videos too brief to provide sufficient 

information about EA), using the Emotional Availability Scales (EAS; Biringen, Robinson, 

& Emde, 1998). Parental EA included four subscales: sensitivity (parent’s capacity to be 

aware of, interpret accurately, and give temporally contingent and appropriate responses to 

the child’s signals, which was derived from the conceptualization of parenting sensitivity by 

Ainsworth and colleagues (1974)), structuring (parent’s capacity to support and scaffold the 

child’s activities while following the child’s needs), non-intrusiveness (parent’s capacity to 

not restrict or interfere with the child’s exploration of the environment during the 

interaction), and non-hostility (parent’s capacity to interact with the child patiently and 

peacefully, without anger or irritation). Child EA (responsiveness and involvement) were not 

used in current analysis, because the behavioral repertoire of infants between 3 to 6 months 

is too limited to reliably code EA from.

The current study utilized the EA coding system which has been adapted to the bedtime 

context in the pilot study (Teti et al., 2010). Maternal sensitivity was rated high when the 

mother detected immediately, interpreted accurately, and responded promptly and 

appropriately to the infant’s signals by fulfilling the infant’s needs such as feeding, soothing, 

and diaper changing, but it was rated low when mothers did not respond to the infant’s 

signals quickly, did not understand what the infant wanted, or her response did not reduce 

the infant’s stress for a long time. Maternal structuring was rated high when the mother 

engaged the infant in bedtime routines in a quiet, soothing, and organized manner that gently 

induced the infant to sleep, but it was rated low when the infant’s bedtime was interrupted 

by activities unrelated to them or when they were left unattended for a long time. Maternal 

non-intrusiveness was rated high when the mother did not initiate arousing activities with the 
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baby or other family members such as tossing baby in the air or yelling/talking loudly to the 

baby or family members, or did not insist that the baby fall asleep when the baby was not 

ready. Maternal non-hostility was rated high when the mother did not display covert or overt 

impatience, frustration, or anger during the bedtime.

The main coder and the principal investigator of the larger study were trained and certified 

on the EAS (3rd edition; Biringen et al., 1998). The interrater reliability (intraclass 

correlations for absolute agreement) for maternal sensitivity, structuring, non-intrusiveness, 

and non-hostility at bedtime at 3 and 6 months ranged from .87 to .99, based on 10% of the 

sample.

2.4. Data Analytic Plan

A series of hierarchical multiple regressions were carried out to predict infant sleep 

development from 1 to 6 months, using infant temperament, maternal EA at bedtime, and 

their interactions as predictors. Because temperament superfactors were highly correlated 

between 3 and 6 months (see Table 3), they were standardized and then averaged across the 

two time points to create reliable indicators of temperament. Maternal EA at bedtime were 

sum scores of standardized values of its four subscales, i.e., sensitivity, structuring, non-

intrusiveness, and non-hostility. Based on the same reason for creating composite 

temperament scores, maternal EA at 3 and 6 months were standardized respectively and then 

averaged. These composite 3-and-6-month temperament scores and EA scores were then 

standardized and multiplied to create interaction terms of temperament and EA. One-month 

sleep variables corresponding to 6-month sleep outcomes were used as control variables. 

Infant gender was also controlled, partly because gender difference emerged in prior work in 

terms of infant sleep state transitions and sleep efficiency (Scher et al., 2004), and also 

because gender difference emerged in the current sample in terms of infant sleep minutes, 

wake minutes, and sleep efficiency (see 1st row in Table 3).

In each regression, infant gender and the 1-month sleep variable were entered at step 1; 

maternal EA at bedtime and one of the three temperament superfactors were entered at step 

2; the interaction of this temperament superfactor and EA was entered at step 3. Therefore 

for each sleep outcome, a set of three regressions was tested. If a superfactor or its 

interaction with EA emerged as a significant predictor, in order to fathom which specific 

temperament dimension underlying the superfactor was relevant, all of the sub-dimensions 

were subject to individual regressions, in which the superfactor was replaced with the one of 

its sub-dimensions.

Because some IBQ-R items inquire about infant sleep, four subscales of the IBQ containing 

sleep-related items—Activity Level, Distress to Limit, Rate of Recovery, and Sadness—and 

the two superfactors to which they contributed—Surgency and Negative Affectivity, were re-

computed without these sleep items. Multiple regressions were then conducted using these 

recalculated scales. Results reported below were obtained using these “purified” 

temperament measures, unless otherwise specified.
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3. Results

3.1. Preliminary Analyses

The descriptives for study variables are listed in Table 2. Repeated measures analysis of 

variance showed that all the infant sleep variables changed significantly over time, according 

to multivariate test’s Wilk’s Lamda and univariate tests of within-subject effects. Post-hoc 

(Bonferroni) comparisons showed that, for the current sample, infant sleep minutes 

significantly lengthened from 1 to 3 months (p < .05), with an average increase of 20.63 

minutes, and from 3 to 6 months (p < .001), with an average increase of 80.60 minutes; wake 

minutes were similar between 1 to 3 months but decreased significantly from 3 to 6 months 

(p < .001), with an average decrease of 46.97 minutes; sleep efficiency remained unchanged 

between 1 and 3 months but increased significantly from 3 to 6 months (p < .001), with an 

average increase of 9.17 percent.

Zero-order Pearson correlations (Table 3) showed that three superfactors of infant 

temperament displayed strong to very strong stability from 3 to 6 months (rs = .61 ~. 85, ps 

< .005), and so did maternal EA at bedtime (r = .63, p < .005). Therefore infant temperament 

and maternal EA at bedtime were averaged across 3 and 6 months respectively, and the 

resulting composite scores were used as predictors in later regression analysis. Infant sleep 

minutes were modestly correlated between 1 month and 6 months (r = .37, p < .01), while 

wake minutes and sleep efficiency did not show significant stability across time (r = .12, r = .

16, ns). In terms of correlations between control variables, predictors, and outcome 

variables, infant gender (1 = male, 2 = female) modestly correlated with 6-month infant 

sleep variables (r = .32 for sleep minutes, r = −.27 for wake minutes, r = .32 for sleep 

efficiency, ps < .05), indicating that female infants tended to spend more time sleeping, less 

time waking, and sleep more efficiently (i.e., have higher percent of sleeping time between 

sleep onset and final wakeup) at 6 months than did male infants. Infant temperament factors 

were not significantly correlated with infant sleep at 6 months, but higher 3-month surgency 

was correlated with shorter 1-month sleep minutes (r = −.34, p < .01) and lower 1-month 

sleep efficiency (r = −.29, p < .05). Maternal EA at bedtime was not correlated with infant 

sleep variables.

3.2. Hierarchical multiple regression analyses

Hierarchical multiple regression analyses were conducted to test the hypotheses regarding 

main effects and interactive effects of maternal EA at bedtime and infant temperament on 

developmental changes of infant sleep from 1 to 6 months. In step 1, gender explained 

significant portions of variance in sleep development. Specifically, female infants tended to 

develop longer sleep minutes (βs = .29 ~ .31, ps < .01), shorter waking minutes (βs = −.30 

~ .28, ps < .05), and higher sleep efficiency (β = .34 ~ .35, ps < .01) than did male infants 

from 1 to 6 months. One-month sleep minutes positively predicted 6-month sleep minutes 

(βs = .37 ~ .43, ps < .001), whereas 1-month wake minutes and sleep efficiency did not, or 

only marginally predicted 6-month wake minutes and sleep efficiency, respectively. The 

significance pattern of these control variables remained the same after maternal EA at 

bedtime, temperament superfactors, and their interaction terms were entered in the 

regressions in later steps.
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3.2.1. The effect of maternal EA at bedtime on the development of sleep 
quantity and quality from 1 to 6 months—Before interaction terms were entered into 

regressions, higher 3-and-6-month bedtime maternal EA composite scores significantly or 

marginally predicted increases in infant sleep minutes from 1 to 6 months (βs = .20 ~ .26, ps 

= .03 ~ .08; coefficients varied depending on the temperament factor included in the 

regression), above and beyond the influences of infant sleep baseline levels, gender, and 

temperament. After interaction terms were entered into the regressions, higher maternal EA 

at bedtime remained a significant (β = .21, p < .05) or marginally significant (β = .21, p = .

06) predictor of increase in infant sleep minutes in the regression with temperament 

dimensions of orienting/regulation and negative affectivity, but with not surgency. This 

suggests that higher emotional availability of mothers at bedtime predicted greater increase 

in sleep minutes (quantity) for their babies from 1 to 6 months. However, maternal EA at 

bedtime was not predictive of changes in infant wake minutes or sleep efficiency before or 

after the interaction terms were added, and therefore the hypothesis that maternal EA would 

predict increased sleep quality was not supported.

3.2.2. The effect of infant temperament on sleep development from 1 to 6 
months—Contrary to the hypothesis, 3-and-6-month infant temperament superfactors did 

not predict developmental changes in infant sleep minutes, wake minutes, or sleep efficiency 

from 1 to 6 months, either before or after the interaction term was entered in the regression.

3.2.3. The moderating effect of infant temperament in the links between 
bedtime maternal EA and developmental changes of infant sleep—Multiple 

regression analysis showed that the interaction between maternal EA at bedtime and 

surgency significantly predicted developmental changes of infant sleep minutes from 1 to 6 

months (β = .38, p < .05; see Table 4), but not wake minutes or sleep efficiency. Adding the 

interaction term in the regressions rendered maternal EA at bedtime to be no longer a 

significant predictor of changes in infant sleep minutes.

Simple slope tests (Aiken & West, 1991) were conducted to follow up on this interaction. 

For infants with high levels of surgency (1 standard deviation above the mean), higher 

maternal EA at bedtime predicted greater increase in sleep minutes (B = 22.47, t(66) = 2.85, 

p < .01), which means that for highly surgent infants, one standard deviation improvement in 

maternal EA at bedtime predicted an increase of 22.47 minutes in infants’ actual sleep time 

from 1 to 6 months. However, for infants with low levels of surgency (1 SD below the 

mean), maternal EA did not influence the change in sleep minutes (B = −3.03, t(66) = −.25, 

ns) (see Figure 1). Post-hoc comparisons of endpoint values of the regression lines 

(indicating the sleep minutes for infants who were ±1 SD on surgency scores and whose 

mothers were ±1 SD on EA scores, as denoted by point A, B, C, D in Figure 1) revealed 

that, with mothers who were highly emotionally available at bedtime, infants with higher 

levels of surgency (point A) increased more in number of minutes asleep from 1 to 6 months 

compared with infants with lower levels of surgency (point B); however, with mothers who 

were less emotionally available at bedtime, change in sleep minutes did not differ between 

infants with high or low level of surgency (point C and point D). In other words, infants with 

+1 SD surgency and receiving +1 SD maternal EA at bedtime (point A) increased more in 
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number of minutes asleep from 1 to 6 months than the three other groups of infants (those 

with +1 SD surgency and −1 SD EA, those with −1 SD surgency and +1 SD EA, and those 

with −1 SD surgency and −1 SD EA). Therefore only highly surgent infants benefited from 

highly emotionally available maternal care at bedtime in terms of increasing sleep length.

Additional analysis of sub-dimensions underlying the surgency superfactor showed that 

Vocal Reactivity and Smile and Laughter contributed to the moderating effect of surgency in 

the link between maternal EA at bedtime and changes in sleep minutes (β = .26, p < .05; β 
= .28, p < .05) (see Table 4). Simple slope analysis (see Figure 2) indicated that, for infants 

who were more likely to vocalize or to smile and laugh, their mothers’ EA at bedtime 

positively predicted increases in minutes asleep from 1 to 6 months (B = 21.40, t(66) = 2.76, 

p < .01; B = 23.70, t(66) = 2.96, p < .01), which means that, for these infants, one standard 

deviation improvement in maternal EA would predict an increase of 21.4 or 23.7 minutes in 

their sleep time from 1 to 6 months. However, for infants who were less vocally reactive or 

less likely to smile and laugh, maternal EA at bedtime did not significantly predict changes 

in minutes asleep from 1 to 6 months (B = −7.23, t(66) = −.60, ns; B = −12.47, t(66) = −.98, 

ns). Post-hoc comparisons of endpoint values of the regression lines indicated that, with 

mothers who were highly emotionally available at bedtime, infants with higher levels of 

vocal reactivity or smile and laughter marginally or significantly increased the number of 

minutes asleep from 1 to 6 months more than infants with lower levels of these traits (B = 

17.55, t(66) = 1.88, p = .07; B = 19.08, t(66) = 2.04, p < .05). In summary, infants with +1 

SD vocal reactivity or smile and laughter and receiving +1 SD emotionally available 

parenting at bedtime significantly increased the amount of sleep time across the first six 

months more than other infants.

4. Discussion

The current study is among the first to examine whether observed maternal emotional 

availability at bedtime and infant temperament predicted, either additively or 

multiplicatively, objectively assessed infant sleep development across the first six months of 

life. Our study found little evidence for the impact of infant temperament alone on sleep 

development, some support for the main effects of 3-and-6-month maternal EA at bedtime 

on increased infant sleep minutes, but compelling evidence that the influence of maternal 

EA at bedtime on increased infant sleep minutes was moderated by infant temperament, in 

particular surgency. These results are consistent with the transactional model of infant sleep 

(Sadeh & Anders, 1993; Sadeh et al., 2010), which posits that infant sleep is ecologically 

based and multiply and complexly determined by both environmental and individual, 

constitutional factors.

4.1. Main effects of maternal emotional availability at bedtime

In the interests of parsimony (Bates, 1989), we address the additive effects of parenting and 

temperament before turning to the moderating effects of infant surgency. Regression analysis 

revealed that higher maternal EA at bedtime significantly or marginally significantly 

predicted larger increases in infant sleep minutes from 1 to 6 months. This finding, along 

with previously established linkages between higher maternal EA at bedtime and mothers’ 
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report of better infant sleep quality (Teti et al., 2010), underscores the beneficial impact of 

emotionally available parenting at bedtime on infant sleep development. At least two 

differences between the present study and Teti et al. (2010) are worth noting. First, the 

current study used actigraphy to record infant sleep, whereas Teti et al. (2010) used 

maternally reported daily diary accounts of infant sleep. Second, the current study focused 

on developmental changes in infant sleep during the first half year of infants’ life, whereas 

Teti et al. (2010) examined concurrent associations between maternal EA and infant sleep 

among infants ranging from 1 to 24 months old. In spite of these differences, the results of 

the present study and of Teti et al. (2010) indicate that emotionally available parenting at 

bedtime may promote longer and better infant sleep during the night.

4.2. Main effects of infant temperament

The current study did not find predictive associations between early temperament 

dimensions and later sleep variables, but instead showed correlational associations between 

infant sleep quantity (number of minutes infants slept) and quality (sleep efficiency) at 1 

month and lower levels of surgency at 3 months. These correlations, however, should be 

interpreted with caution, because infant temperament could not be reliably assessed before 3 

months, and thus we were unable to examine concurrent relations between infant sleep and 

temperament at 1 month. Regression analyses revealed that infant temperament superfactors 

did not predict developmental changes of infant sleep quantity or quality from 1 to 6 months. 

This null finding of direct associations between infant temperament and infant sleep, 

however, is not necessarily incompatible with past literature, because although some patterns 

of associations between infant temperament and infant sleep have emerged, they tend to be 

modest and inconsistent across studies (Halpern et al., 1994; Scher et al., 1998).

4.3. Infant temperament as a moderator

For the most part, previous studies have investigated the contribution of parenting (e.g., 

Scher, 2001; Teti et al., 2010) and infant temperament (e.g., Halpern et al., 1994; Sadeh et 

al., 1994; Scher et al., 1992; Scher et al., 1998; Spruyt et al., 2008) on infant/child sleep 

either separately or additively, but not multiplicatively. This “main-effect” approach 

precludes opportunity to identify potentially more complex, transactional relations between 

parenting, temperament, and infant sleep, which would be more consistent with the 

transactional model of development (Sameroff, 1989) and the transactional model of child 

sleep (Sadeh & Anders, 1993; Sadeh et al., 2010). The present study was an attempt to 

redress this issue, following the proposition that individuals with different temperamental 

profiles would be differentially sensitive to parenting (Sanson & Rothbart, 1995) and 

making use of extant theoretical models (diathesis-stress and differential susceptibility) to 

develop hypotheses about the potential role of infant temperament in moderating the impact 

of bedtime parenting quality on infant sleep development.

Analyses revealed no moderating effect of negative affectivity or orienting/regulation on the 

relation between maternal EA at bedtime and infant sleep development. Thus, there was no 

support for either the diathesis-stress model or the differential susceptibility model of 

parenting-temperament interaction. However, a moderating effect of infant surgency on the 

link between bedtime EA and infant sleep length was obtained, such that highly surgent 
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infants were more responsive to the positive effects of maternal EA at bedtime than were 

infants low in surgency. Specifically, when their mothers were highly emotionally available 

at bedtime, infants high in surgency showed greater increases in sleep minutes from 1 to 6 

months than infants low in surgency, even after controlling for 1-month sleep minutes.

In trying to understand this moderation effect, we first note that high levels of positive 

emotionality/surgency does not equate with poor regulation. In the present study, surgency 

correlated highly and positively with orientating/regulation (rs = .64 ~ .68, ps < .001, see 

Table 3), which is compatible with prior work that found their positive association in infancy 

and toddlerhood (Gartstein & Rothbart, 2003; Putnam, Rothbart, & Gartstein, 2008). 

Second, young children’s positive emotions expressed in naturalistic parent-child 

interactions may be different from approach and novelty seeking behavior elicited by novel 

stimuli, in that the former may indicate the individual’s tendency of affiliation and warmth, 

which was found predictive of better rather than worse self-regulation (Kochanska, Aksan, 

Penney, & Doobay, 2007). Thus, vocal reactivity and smile and laughter, the two significant 

sub-dimensions of surgency that emerged in our moderation analysis, may reflect positivity 

in interpersonal interactions, and may not be strongly connected with the approach system 

based on the content of IBQ-R items. Therefore, the significant moderating effect of 

surgency in the present study may be explained by the fact that infants high in surgency are 

more expressive and warm in interpersonal interactions than are infants low in surgency, and 

thus they reap the positive influence of maternal EA at bedtime, probably through 

developing feelings of security and trust in their sleep environment, which are conducive to 

developing longer sleep. Other dimensions of surgency such as activity and approach may 

not be clearly manifest in infants under 6 months of age, and therefore may not have a 

salient impact on the bedtime parent-child transactional system until much later in 

development.

It remains unclear why infant negative affectivity or regulatory capacity did not moderate 

maternal EA’s effect on infant sleep development, especially since the former has been often 

identified as a vulnerability or plasticity factor of environmental influences (Belsky & 

Pluess, 2009). The reason may be related to the developmental phase that was investigated in 

the present study. It is possible that negative affectivity or orienting/regulation may function 

as a salient moderator of EA – infant sleep relations at later points in development. Indeed, 

many studies that found associations between infant temperament and infant sleep measured 

temperament after 6 months of age (Atkinson et al., 1995; Novosad, Freudigman, & 

Thoman, 1999; Scher et al., 1992; Sadeh et al., 1994; Scher et al., 1998).

4.4. Strengths and Limitations

Compared to prior work, the present study had several methodological strengths that are 

worth noting. While most past research only examined first-order correlations between 

parenting, infant temperament, and infant sleep (e.g., Sadeh et al., 1994; Scher et al., 1992; 

Scher et al., 1998; Spruyt et al., 2008), the current study investigated parenting and 

temperament in relation to developmental changes of infant sleep. One-month sleep 

variables were controlled, allowing the regression analysis to target on predicting 

residualized changes in infant sleep. We also assessed predictors and outcomes using 
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different sources of information (infant sleep was measured by actigraphy, maternal EA was 

blindly rated by coders, and infant temperament was reported by mothers), which reduced 

shared method variance (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Moreover, in 

order to eliminate the potential bias in results caused by the common variance shared 

between sleep-related temperament items and infant sleep measures, sleep items were 

dropped from IBQ-R, and regression analyses were conducted again based on “sleep-free” 

temperament measures.

The present study also had several limitations. Although recruitment efforts were made to 

oversample participants from ethnic minority groups and diverse SES backgrounds, the 

current sample was predominantly white and reasonably well-educated. Thus, the 

generalizability of the present results to populations with higher socioeconomic risk remains 

unclear. The final study sample (n = 72) was also relatively small, which may have excluded 

more sophisticated analytical approaches, such as structural equation modeling, and 

restrained the power of the analysis. For instance, in some regressions maternal EA showed 

a marginally significant effect, which could be better detected using a larger sample size. 

However, given the nature of intense longitudinal measures and the use of multiple sources 

of measures (observation, actigraphy, and parent-report), the current sample size is still 

considerable and already improved over many previous studies with actigraphy measure of 

infant sleep (e.g., Halpern et al., 1994; Scher et al., 1992; Scher et al., 1998; Spruyt et al., 

2008).

Furthermore, our study examined only 1 to 6 months of infants’ life, so it remains unknown 

what pattern would emerge between maternal EA, infant temperament, and infant sleep in 

later phases of development. Recent studies suggest that the influence of shared environment 

on infant nighttime sleep may increase from 6 to 18 months (Touchette et al., 2013) and 

become a predominant predictor of infant sleep pattern compared with genetic influence 

(Brescianini et al., 2011; Fisher et al., 2012). Therefore, it is reasonable to hypothesize that 

the effect of maternal EA or its interaction with infant temperament on infant sleep becomes 

more prominent as children grow up. Future research can benefit from using a larger sample 

which is more diverse in terms of ethnic and socioeconomic background, and testing 

developmental stages beyond the first six months of infants’ life.

From a family system perspective, the dyadic interactions between mothers and fathers, 

fathers and infants, as well as triadic interactions between mothers, fathers, and infants, 

constitute indispensable aspects of bedtime interactions, but they were not examined in the 

present study. Unfortunately, although there were fathers taking care of infants at bedtime in 

our sample, data on paternal EA and coparenting at bedtime were too small to be included in 

the current analysis. New insights on the ecology of infant sleep can be generated by 

expanding the context of parenting to include both bedtime and nighttime, and by 

incorporating fathers and other bedtime and nighttime caregivers (e.g., grandparents) into 

the research framework.

The current study is among the first to examine the complex, transactional relations between 

parenting emotional quality at bedtime, infant temperament, and developmental changes of 

infant sleep, by exploring the moderating role of temperament in the relation between EA 
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and infant sleep development. Results support the transactional model of infant sleep (Sadeh 

& Anders, 1993; Sadeh et al., 2010), which posits that infant sleep develops in dynamic and 

complex transactions between infant characteristics and parenting. The present findings are 

limited, however, to infant sleep development across the first 6 months of life, and to a 

population that is predominantly white and middle-class. Future studies on infant sleep 

should examine additive and multiplicative contributions of parenting and temperament at 

later points in infancy and in more diverse samples, taking into consideration other domains 

of parenting (e.g., specific parenting practices) and other dimensions of family ecology (e.g., 

father involvement and coparenting).
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Highlights

• Maternal emotional availability (EA) was coded from videos of 

naturalistic mother-infant interactions at bedtime.

• Maternal EA positively predicted developmental changes of infant 

sleep time from 1 to 6 months.

• Infant surgency moderated the effect of maternal EA on infant sleep 

time.
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Figure 1. 
Predicting 6-month infant sleep minutes after controlling for 1-month sleep minutes and 

gender: simple slopes for interaction of maternal EA at bedtime and infant surgency (sleep-

related items were excluded from the Surgency measure).
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Figure 2. 
Predicting 6-month infant sleep minutes after controlling for 1-month sleep minutes and 

gender: simple slopes for interaction of maternal EA at bedtime and infant Vocal Reactivity, 

and interaction of maternal EA at bedtime and infant Smile and Laughter.
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Table 1

Number of families in the original sample that had data for key variables, and demographics of the final 

sample.

Variable

Number of families in the original sample that had data for key variables
 Infants that had sleep actigraphy data at 1 months n = 154

 Infants that had sleep actigraphy data at 6 months n = 143

 Families that had maternal EA data at 3 months n = 106

 Families that had maternal EA data at 6 months n = 105

 Infants that had temperament data at 3 months n = 151

 Infants that had temperament data at 6 months n = 149

Demographics of the final sample (n = 72)

 Race

  European American 89%

  African American 4%

  Asian American 3%

  Latino American 1%

  Other 3%

 Mothers married and living with partner at 1 month 87%

 Mothers’ age M = 29.5 (SD = 5.09)

 Number of children the mother has M = 1.89 (SD = .83)

 Mothers with college education and above 79%

 Mothers employed at one month 51%

 Family annual income M = $73,940 (SD = $55,546)
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