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Abstract

We examined two sleep-wake parameters as moderators of the associations between exposure to
family stressors and adolescent cognitive functioning. Participants were 252 school-recruited
adolescents (M = 15.79 years; 66% European American, 34% African American). Youths reported
on three dimensions of family stress: marital conflict, harsh parenting, and parental psychological
control. Cognitive functioning was indexed through performance on the Woodcock-Johnson 111
Tests of Cognitive Abilities. Sleep minutes and efficiency were measured objectively using
actigraphy. Towards identifying unique effects, path models controlled for two family stress
variables while estimating the third. Analyses revealed that sleep efficiency moderated the
associations between negative parenting (harsh parenting and parental psychological control) and
adolescents’ cognitive functioning. The highest level of cognitive performance was predicted for
adolescents with higher levels of sleep efficiency in conjunction with lower levels of either harsh
parenting or psychological control. The effects of sleep were more pronounced at lower levels of
negative parenting where adolescents with higher sleep efficiency performed better than their
counterparts with poorer sleep. At higher levels of either harsh parenting or psychological control,
similar levels of cognitive performance were observed regardless of sleep. Results are discussed in
comparison to other recent studies on interrelations among family stress, sleep, and cognitive
performance in childhood and adolescence.
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Environmental and bioregulatory factors contribute to adolescents’ cognitive functioning,
and exposure to family stressors and adolescents’ sleep may independently and/or
interactively promote or hinder youths’ intellectual functioning. Family stressors, including
marital conflict (Koenen, Moffitt, Caspi, Taylor & Purcell, 2003), harsh parenting (Shumow,
Vandell, & Posner, 1998), and parental psychological control (Byford, Kuh, & Richards,
2012) are associated with poorer cognitive performance in children. Yet, not all youths who
are exposed to such family risk exhibit poor cognitive functioning, and questions remain
about why some adolescents may be more or less at risk.
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Bioregulatory factors including sleep could influence the extent to which family parameters
affect developmental outcomes in children and adolescents. Reduced sleep duration and
poor sleep quality may exacerbate the effects of marital conflict (Lemola, Schwarz, &
Shiffert, 2012), parental psychological control (El-Sheikh, Hinnant, Kelly, & Erath, 2010)
and parent-child insecure attachment (Keller, EI-Sheikh, & Buckhalt, 2008) on children's
internalizing and externalizing symptoms (El-Sheikh et al., 2010; Lemola et al., 2012) and
academic performance (Keller et al., 2008). However, sleep has not been investigated as a
moderator of risk in the context of harsh parenting or as a moderator of associations between
familial stressors and adolescents’ intellectual functioning. Building on this emerging
literature, we examined whether sleep may attenuate or exacerbate the effects of multiple
family stressors on adolescents’ cognitive functioning/intellectual ability; these terms are
used interchangeably.

Family Stress

Three dimensions of family stress were examined including marital conflict, harsh
parenting, and parental psychological control. Marital conflict refers to acts and/or threats of
physical violence and verbal/psychological aggression between partners (Straus, Hamby,
Boney-McCoy, & Sugarman, 1996). Harsh parenting indicates similar acts of aggression
that parents direct towards children (Straus, Hamby, Finkelhor, Moore, & Runyan, 1998).
Parental psychological control refers to parents’ attempts to control a child's behaviors,
thoughts, and feelings in an intrusive manner that disregards the child's autonomy (Barber,
2002). Although these indices of family stress are related (e.g., Erel & Burman, 1995), they
are distinct constructs that provide insight into different facets of family functioning
(Buehler & Gerard, 2013). Examining these aspects of family functioning may be
particularly relevant during adolescence given changes to family dynamics as youths seek to
gain autonomy despite parents’ desires to retain some control over adolescents’ lives
(Longmore, Manning, & Giordano, 2013). Further, consistent with recent calls in the sleep-
family functioning literature (EI-Sheikh, 2011), examining the unique contributions of
multiple facets of family stress is likely to provide a more nuanced understanding of how
different family processes may uniquely influence adolescents’ cognitive functioning in the
context of their sleep.

Associations between family stressors and youths’ adjustment are well-established. High
levels of internalizing and externalizing problems are found among children exposed to
marital conflict (Cummings & Davies, 2011), harsh parenting (Klahr, McGue, lacono, &
Burt, 2011), and psychological control (Soenens et al., 2008). Additionally, there is evidence
linking marital conflict (Buehler & Gerard, 2013), harsh parenting (Dotterer, Hoffman,
Crouter, & McHale, 2008), and parental psychological control (Bean, Bush, McKenry, &
Wilson, 2003) with lower levels of academic performance and achievement assessed by
school grades. In the present investigation, cognitive functioning was assessed through
performance on a well-established and standardized test battery of multiple facets of
intellectual ability (Woodcock-Johnson 11 (WJ-111); Woodcock, McGrew, & Mather, 2001).
Although academic performance and achievement are related to intellectual ability/
intelligence, they are distinct constructs (Kaufman, Reynolds, Liu, Kaufman, & McGrew,
2012). Whereas achievement refers to acquired knowledge and is often assessed through
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grades and performance in specific subject areas, intellectual ability or cognitive functioning
as defined in this study refers more broadly to an individual's ability to learn, reason or think
abstractly, and process information.

Exposure to family stress may be specifically linked with poorer intellectual ability because
family conflict and disrupted parenting practices are frequently threatening to youth,
activating their stress response systems. Continued activation of the hypothalamic pituitary
adrenal stress response system yields chronic and elevated cortisol levels, which can result
in neuronal death, and thus undermine brain development (McEwen, 2009) and cognitive
functioning (Koenen et al., 2003; Romeo, 2013). Similarly, family risk may disrupt
autonomic nervous system activity, which in turn could compromise cognitive functioning
(Hinnant, EI-Sheikh, Keiley, & Buckhalt, 2013). The effects of environmental stressors on
brain functioning may be particularly profound during childhood and adolescence as the
brain matures rapidly (Dahl & Spear, 2004) and as stress responses (e.g., cortisol) increase
in adolescence (Romeo, 2013).

The small literature that has examined the link between family stress and youths’ intellectual
ability has yielded evidence of modest associations. Compared to young children from lower
conflict homes, children exposed to greater levels of marital conflict exhibited lower
intelligence test scores (Koenen et al., 2003; Ybarra, Wilkens, & Lieberman, 2007). In these
studies, intelligence was assessed with well-validated and standardized cognitive tests for
young children. Further, in comparison to negative parent-child interactions (e.g., hostility),
positive parent-child interactions (e.g., warmth, responsiveness) were correlated with higher
standardized intelligence test scores in young children (Estrada et al., 1987). Similarly,
mothers’ coercive parenting, or the use of threats to achieve desired behavior, was
negatively associated with children's reading, sentence completion, and vocabulary (Byford
et al., 2012). Findings from these studies suggest that multiple dimensions of family
processes are linked with cognitive functioning and intellectual ability.

Adolescent Sleep

Insufficient and poor quality sleep are common among typically developing youth (Mindell
& Owens, 2010), particularly during adolescence because maturational changes in circadian
rhythms affect adolescents’ sleep-wake cycles (Brand & Kirov, 2011). For example,
adolescents experience reduced sleep duration because they go to bed later than younger
children, yet their wake-times are determined by school start times during the school year
(Crowley, Tarokh, Carskadon, 2014). A large literature has demonstrated that insufficient
and lower quality sleep are associated with poor cognitive functioning (effect sizes rs = .
07-.10, ps < .01, as reported in a meta-analysis by Astill et al., 2012). Further, there is
evidence that inadequate sleep might disrupt brain development through neuronal loss and
alterations in brain activity, which in turn could compromise adolescents’ cognitive
functioning (Jan et al., 2010; Vriend et al., 2013).

In addition to direct effects, sleep could function as a moderator of the associations between
exposure to family stress and adolescents’ cognitive functioning. Sleep is associated with
emotional functioning, which in turn may influence the level of stress adolescents
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experience in the context of family risk. Shorter sleep duration is linked with increased
negative emotions (Leotta, Carskadon, Acebo, Seifer, & Quinn, 1997) and decreased ability
to regulate emotions (Gruber, Cassoff, Frenette, Wiebe, & Carrier, 2012). Indeed, under a
sleep restriction condition (6.5 hours in bed), compared to a longer sleep condition (10 hours
in bed), adolescents exhibited poorer emotion regulation (Baum et al., 2014). Consistent
with a cumulative risk perspective (Sameroff, Bartko, Baldwin, Baldwin, & Seifer, 1998),
inadequate sleep may function as a vulnerability factor and exacerbate the negative effects
of family stress on cognitive functioning.

Conversely, longer and better quality sleep may function as a protective factor as sleep is
necessary to sustain attention that is needed for learning and cognitive performance (Beebee,
2011). Findings from experimental studies reveal that sleep extension, compared to sleep
restriction, is associated with improved short-term and working memory and overall
cognitive performance among children and adolescents (Dewald-Kauffman, Oort, & Meijer,
2013; Sadeh, Gruber, & Raviv, 2003; Vriend et al., 2013).

A growing body of literature supports the moderating role of sleep in the link between
family functioning and youths’ adaptation. Consistent with a cumulative risk perspective
(Sameroff et al., 1998), marital conflict predicted higher levels of aggression only among
adolescents who reported shorter weekday sleep duration and less consistent sleep schedules
(Lemola et al., 2012). Further, for a subsample of participants from higher socioeconomic
backgrounds, better sleep quality (actigraphy-based sleep efficiency) functioned as a
protective factor against depression and anxiety in the context of maternal psychological
control (EI-Sheikh et al., 2010). Additionally, in the context of family economic adversity,
better sleep quality protected children against poorer cognitive performance (Buckhalt, El-
Sheikh, Keller, & Kelly, 2009).

A different pattern of moderation effects was observed in two longitudinal studies. Maternal
sensitivity during infancy predicted lower internalizing and externalizing behaviors
(Bordeleau, Bernier, & Carrier, 2012) and greater attachment security (Bernier, Belanger,
Tarabulsy, Simard, & Carrier, in press), but only among children with longer sleep duration
in infancy. Maternal sensitivity also predicted higher executive functioning and perspective
taking among children with more consolidated sleep in infancy (Bernier et al., in press). This
pattern illustrates that better child sleep promotes child adaptation in the context of positive
parenting. Collectively, studies that examined moderation effects illustrate the protective
and vulnerability functions of good sleep and poor sleep in various contexts of risk; these
studies are consistent with our proposition that sleep may operate as a moderator of risk for
adolescents’ cognitive functioning in the context of family stress.

The Present Study

Towards advancing understanding of which youths may be at less or greater risk for poor
cognitive functioning in the context of family stress, we examined sleep as a moderator of
associations linking marital conflict, harsh parenting, and parental psychological control
with youths” cognitive functioning. Our hypotheses are informed by the developmental
psychopathology (Cicchetti, 2006) and cumulative risk frameworks (Sameroff et al., 1998),
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which propose that individuals experience risk and protective factors that may interact with
their environment to predict adjustment. Consistent with some of the empirical findings (El-
Sheikh et al., 2010; Lemola et al., 2012), we expected that adolescents exposed to family
adversity in conjunction with poor sleep (fewer sleep minutes, reduced sleep efficiency)
would exhibit the worst cognitive performance. In contrast, longer and better quality sleep
were expected to attenuate the effects of family stress on adolescents’ cognitive
performance.

We used standardized and well-validated assessments of family stressors and cognitive
functioning in a relatively large and diverse sample of adolescents. To decipher unique
associations, each family variable was examined while controlling for the other two. Per
recommendations of utilizing multiple measures of sleep (Sadeh, 2011), and because sleep
duration and quality may have different associations with cognitive functioning (Astill et al.,
2012), actigraphy-based sleep minutes and sleep quality indexed through efficiency were
assessed. We had no expectations regarding differential effects of the family or sleep
parameters.

Method

Participants

Data for the current study comes from the fourth wave (data collected in 2012-2013) of the
Family Stress Study (FAMSS) a longitudinal project examining relations between family
functioning and youth development. Participants were recruited from elementary schools in
the Southeastern United States. At the first wave (data collected in 2005), exclusion criteria
included a diagnosis of attention deficit hyperactivity disorder, developmental delay or a
chronic illness. Eligibility criteria required parents to have been living together for at least
two years. Additional families were recruited to participate in the fourth wave to increase
sample size due to attrition over a 5-year lag between the third and fourth waves (e.qg.,
families moving away). These additional families were recruited from the same school
systems using the same inclusion/exclusion criteria as those in the original sample, and were
matched to the original sample's demographics on race/ethnicity and age at the fourth wave.

In the current wave, participants included 199 youths who participated in prior waves (93
boys, 106 girls; Mage = 15. 78 years, SD =.82) and an additional 53 adolescents who were
recruited to participate in the fourth wave (25 boys, 28 girls; Mage = 15. 83 years, SD =.78).
Adolescents who participated for the first time at the fourth wave had lower intellectual
ability scores (M = 92.08, SD = 10.81) than those who participated in prior waves (M =
96.39, SD =13.78; t = -2.02, p < .05), but did not differ on any other study variables.

Approximately, 66% of participants were European American and 34% were African
American. Income-to-needs ratio analyses (U.S. Department of Commerce;
www.commerce.gov), which considers income and household/family size, indicated a wide
range of economic backgrounds. Families with income-to-needs ratio of <1 were considered
to be living in poverty (14% of families). Those with scores > 1 but < 2 were considered to
be living near the poverty line (28%); > 2 but < 3 = lower middle class (22%); = 3 = middle
class (36%). Approximately, 77% of parents were married and 23% were unmarried. Of the
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unmarried parents, 83% were divorced, 12% were single parents, and 5% were legal
guardians (e.g., grandparent). A majority (58%) of adolescents lived with both biological
parents, 24% lived with one biological parent and step-parent/partner, 14% lived in a single-
parent household, and 4% lived with a legal guardian(s).

This study is part of a larger, longitudinal investigation and only pertinent procedures are
presented. The study was approved by the University's Institutional Review Board. Consent
and assent for participation were obtained from parents and adolescents. Sleep data were
collected during the regular school year, excluding holidays, via actigraphs that were
delivered to participants’ homes. Parents and adolescents were instructed to place the
actigraph on adolescents' non-dominant wrist before bedtime for seven consecutive nights.
Each night, a researcher called to remind adolescents to complete the sleep diary. Nights
during which medication was used (reported in sleep diary) were excluded from actigraphy
analyses. On average, participants came to the university laboratory 3.95 days (SD = 12.25)
after the last night of actigraphy; 79% of adolescents visited the laboratory the day following
the last night of actigraphy. During the laboratory visit, adolescents completed
questionnaires and were administered the WJ-111 (Woodcock et al., 2001).

Marital conflict—Adolescents completed the Conflict Tactics Scale (CTS2; Straus et al.,
1996) and reported about mothers’ and fathers’ physical (e.g., “He/She pushed or shoved
him/her”; 12 items) and psychological/verbal (e.g., “Insulted or swore at him/her”; 7 items)
aggression towards each other during the past year. Adolescents rated these items on a 7-
point scale where 0 = never happened, 1 = 1 time, 2 = 3-5times, 4 = 6-10times, 5 = 11-20
times, and 6 = > 20 times. Physical aggression scores between mothers and fathers were
correlated (r = .48, p < .01), as were psychological/verbal aggression scores (r =.83,p<.
01). Thus, for conciseness, reports of mothers’ and fathers’ physical (or psychological)
aggression were averaged. Approximately 11% of children reported observing some degree
of physical aggression between their parents. Adolescents' reported a wide range of
psychological/verbal aggression (scores ranged from 0-25.50). Internal consistency was
high for physical aggression (a =.75) and psychological/verbal aggression (a = .88).
Additionally, physical and psychological aggression were correlated (r = .48, p < .01); to
decrease the number of analyses, these scores were averaged to create a single marital
conflict score. Adolescents from single-parent households (n = 31) did not have marital
conflict scores. Reports of marital conflict (as well as parenting measures detailed below)
pertained to biological mothers for 96% of the sample, father's partner for 4% of the sample,
biological fathers for 80% of the sample, and mother's partner for 20% of the sample.
Although a few adolescents lived with other caretakers, mother, father, or parent are used
throughout for brevity.

Harsh parenting—Adolescents reported on conflict behavior with each parent using the
Conflict Tactics Scale (CTS2, Straus et al., 1998). Reports were obtained about mothers’
and fathers’ use of physical (e.g., “Hit you on the bottom with something like a belt or hard
object”; 9 items) and psychological/verbal (e.g., “Said he/she would send you away”; 5
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items) aggression during conflict in the past year. Iltems were rated on a 7-point scale (0 =
never happened to 6 = > 20 times). Physical (r = .63, p <.01) and psychological/verbal
aggression (r = .54, p < .01) scores for mothers and fathers were associated and averaged for
each form of aggression. Internal consistency was high for adolescents’ report of physical (a
=.85) and psychological/verbal (a = . 86) aggression. Approximately 49% of adolescents
reported that their parents utilized some degree of physical aggression towards them during
conflict. A wide range of psychological/verbal aggression was reported (scores ranged from
0-30). Both forms of aggression were associated (r = .57, p < .01) and reports of mothers’
and fathers’ physical and psychological aggression were averaged to create a single harsh
parenting score. For adolescents from single parent households, the harsh parenting
composite (as well as parental psychological control detailed below), was based on mother-
child conflict in 56% of cases and father-child conflict in 12% of cases. For the remaining
32% of children from single parent households, adolescents reported on both mother-child
and father-child conflict, even though they lived primarily with one parent.

Parental psychological control—This construct was assessed through adolescents’
report on the Parental Behavior Inventory (PBI; Schaefer, 1965). The PBI has demonstrated
reliability and convergent and discriminant validity (Schwarz, Barton-Henry, & Pruzinksy,
1985). Three scales were used to examine psychological control during the past year: hostile
control (e.g., losing temper with child), control through guilt (e.g., feeling hurt when advice
is not followed), and instilling persistent anxiety (e.g., talking repeatedly about
misbehavior). Adolescents provided separate reports for psychological control for mothers
and fathers, and items were rated on a 3-point scale (1= not like to 3 = like). Correlations
between adolescent reports for mothers and fathers across the three subscales ranged from .
48 t0 .56 (ps < .01) and scores for each subscale were averaged across mothers and fathers.
Internal consistency was acceptable for hostile control (a =.73), control through guilt (a =.
77), and instilling persistent anxiety (o = . 81). The three subscales were highly associated
(rs ranged from .59 to .74, ps < .001) and were averaged to create a single score for parental
psychological control (scores ranged from 4-12) (e.g., EI-Sheikh et al., 2010).

Sleep—Actigraphy is frequently used to derive sleep duration and quality indices and has
demonstrated reliability, especially when actigraphs are worn for multiple consecutive
nights (Acebo et al., 1999). Sleep measures were obtained using an actigraph by
Motionlogger Octagonal Basic (Ambulatory Monitoring Inc., Ardsley, NY). Scores for each
epoch were determined with Sadeh's scoring algorithm (Sadeh, Sharkey, & Carskadon,
1994).

The following sleep parameters were derived: (a) sleep minutes — the number of minutes
from sleep onset to wake time; and (b) sleep efficiency — percentage of epochs scored as
sleep between sleep onset and offset. Sleep minutes and sleep efficiency scores were
generated by averaging data across all available nights.

On average, 5.44 nights (SD = 1.77) of actigraphy data were available per adolescent. Many
youths had available data for the entire week (33%, n = 83); 26% (n = 65) had data for six
nights, 18% (n = 45) for five nights, 9% (n = 23) for four nights, 4% (n = 12) for three
nights, 2% (n = 4) for two nights, 1% (n = 1) for one night. Approximately 7% (n = 18) of

J Fam Psychol. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

El-Sheikh et al.

Page 8

participants did not have any actigraphy data. Because of poor estimation of regular sleep
(Meltzer, Montgomery-Downs, Insana & Walsh, 2012), sleep data for adolescents with
fewer than five nights of available actigraphy data (n = 58, 23%) were not included. Reasons
for missing data included taking medicine for allergies, forgetting to wear the actigraph, and
mechanical problems. Night-to-night stability during the week was acceptable for sleep
efficiency (a = .95) and sleep minutes (a = .75).

Intellectual ability—Intellectual ability was assessed with the Woodcock-Johnson I11
(WJ-111), which is a well-normed, highly reliable and valid comprehensive measure for
assessing general and specific domains of intellectual ability. Age norm based scaled scores
have a mean of 100 (SD = 15). For the present study, we used the Brief Intellectual Ability
(BIA) index which is comprised of three tests: Verbal Comprehension (VC), Concept
Formation (CF), and Visual Matching (VM). The VC test includes picture vocabulary,
verbal analogies, synonyms, and antonyms and is considered a strong indicator of
crystallized intelligence. The CF test measures fluid and inductive reasoning, as well as
flexibility in shifting mental set, a dimension of executive functioning. Lastly, the VM test
assesses perceptual processing speed. In the standardization sample, BIA had a median
reliability of 0.95 across ages and was highly correlated (r = .91) with the Generalized
Intellectual Ability index, which is based on 10 tests (Woodcock et al., 2001).

Controls—Some variables were associated with the primary model variables and were
controlled in analyses including child sex (0 = girls, 1 = boys); race/ethnicity (0 = European
American, 1 = African American); and family income-to-needs ratio. Further, three
additional variables were included as controls in all analyses: parental marital status (0 =
married, 1 = unmarried), biological mother status (0 = biological mother, 1 = father's
partner), and biological father status (0 = biological father, 1 = mother's partner).

Plan of Analysis

To reduce outlier effects, study variable values that exceeded 4 SDs were recoded as the
highest (or lowest) observed value within 4 SDs. In total, eight values were recoded,
including one for marital psychological aggression, four for marital physical aggression, two
for parent-child physical aggression, and one for sleep efficiency. Skewness statistics and
missing data (8% to 23%) across all study variables were within the acceptable range.

Descriptive statistics and correlations among variables were examined in preliminary
analyses. Next, a series of cross-sectional path models were fitted in Amos (Arbuckle, 2012)
to examine whether family stressors, sleep, and importantly the interactions between family
stressors and sleep predicted adolescent intellectual ability. Full information maximum
likelihood (FIML) estimation was used to handle missing data (Acock, 2005). Separate
models were fitted for each sleep parameter and all control and predictor variables were
mean-centered for analyses. Significantly correlated exogenous variables were allowed to
covary.

In all models, gender, ethnicity, income-to-needs ratio, parental marital status, and
biological parent status were included as covariates and allowed to predict intellectual
ability. Next, the main effects of family stressors (marital conflict, harsh parenting, and
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psychological control) were entered simultaneously to examine the independent
contributions of each on intellectual ability, while controlling for the effects of the other
family variables. This was followed by the entry of the main effect of sleep minutes or sleep
efficiency. Lastly, interaction terms were added to examine whether sleep moderated the
relations between family stress and intellectual ability. Only one interaction term (e.g.,
marital conflict x sleep minutes) was examined at a time in consideration of power and
multicollinearity (Babyak, 2004).

The Preacher, Curran, and Bauer's (2006) interaction utility was used to plot significant
interactions at low (=1 SD) and high (+1 SD) levels of the predictor (family variable) and
moderator (sleep) (Aiken & West, 1991). Simple slopes were tested to determine whether
the predictor was significantly associated with the outcome at a specific level of the
moderator.

Preliminary Analyses

Descriptive statistics and correlations are presented in Table 1. Marital conflict was
correlated with harsh parenting, and the latter was associated with parental psychological
control. Sleep minutes and sleep efficiency were correlated. Family stressors were not
associated with sleep or intellectual ability, and the latter two were not correlated.

Among control variables (not depicted in a Table 1), higher socioeconomic background was
associated with lower levels of harsh parenting (r = -.15, p < .05), longer sleep minutes (r =.
16, p < .05), greater sleep efficiency (r = .16, p < .05), and higher intellectual ability scores
(r=.21, p<.01). Additionally, living in a household with unmarried partners was
correlated with lower socioeconomic status (r = -.33, p <.001) and shorter sleep minutes (r
=-.15, p<.05).

Tests of mean differences for adolescent sex and race/ethnicity were conducted. Boys had
fewer sleep minutes (M = 391.88, SD = 53.24) than girls (M = 418.78, SD = 53.36; t = 3.49,
p <.01), as well as lower sleep efficiency (Mpoys = 89.50, SD = 6.90; M5 = 92.07, SD =
6.40; t = 2.70, p < .01). Compared to European American (EA) children, African American
(AA) children were from households with lower income-to-needs ratio (Maa = 1.89, SD =
1.21; M ga = 2.64, SD = 1.28; t = 4.39, p < .001), reported higher levels of harsh parenting
(Maa =4.71, D =4.07; M ga = 3.23, SD = 3.61; t = -2.81, p<.01), had fewer sleep
minutes (Maa = 387.97, SD = 61.93; M ga = 413.52, SD = 50.27;t = 2.96, p< .01), and
lower intellectual ability scores (Maa = 92.71, SD = 12.71; Mga = 96.91, SD = 13.40; t =
2.28, p<.05).

Family Stress x Sleep Efficiency

Results from the series of path models are presented in Table 2. For parsimony, all
moderation effects are shown in the same step yet the coefficients presented are the result of
entering one interaction term at a time. Among the control variables, income-to-needs ratio,
but not gender, ethnicity, parental marital status, or parent status, positively predicted
intellectual ability. Main effects of marital conflict, harsh parenting, and parental
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psychological control did not emerge. Further, sleep efficiency did not predict intellectual
ability.

The model examining marital conflict by sleep efficiency yielded a good fit to the data, 32 =
46.35, p = .30; y2/df = 1.10; CFI = .98; RMSEA = .02 ns, 90% CI [.00 to .05], and explained
10.7% of the variance in adolescent cognitive performance. However, as shown in Table 2,
an interaction between marital conflict and sleep efficiency did not reach statistical
significance.

The model examining harsh parenting by sleep efficiency was also a good fit to the data, y 2
=43.81, p = .43; y%/df = 1.02; CFI = 1.00; RMSEA = .01 ns, 90% CI [.00 to .04], and
explained 11.4% of the variance in adolescent intellectual ability. An interaction emerged
between harsh parenting and sleep efficiency, which explained 2% of unique variance in
intellectual ability (Table 2). Graphic depiction of the interaction is shown in Figure 1. Tests
of simple slopes did not reveal a significant association between harsh parenting and
intellectual ability at lower (B = .45, SE = .40, p =.26) or higher (B = -.50, SE =.40, p =.21)
levels of sleep efficiency. Visual inspection of the data indicates that at lower levels of harsh
parenting, adolescents with higher sleep efficiency had higher levels of intellectual ability
(estimated level = 98.31) than those with lower sleep efficiency (estimated level = 93.53), a
difference of approximately .36 SDs. Regions of significance test indicated that the
association between harsh parenting and intellectual ability becomes significant at 2.68 SDs
above the mean on sleep efficiency. Taken together, it appears that higher levels of
intellectual ability are observed when adolescents receive higher-quality sleep and
experience low levels of harsh parenting.

Lastly, the model examining parental psychological control by sleep efficiency was a good
fit to the data, 2 = 43.93, p = .43; ¥2/df = 1.02; CFI = 1.00; RMSEA = .01 ns, 90% CI [.00
to .04], and explained 12.2% of the variance in intellectual ability. An interaction between
parental psychological control and sleep efficiency emerged, explaining 2.8% of unique
variance in intellectual ability (Table 2). Simple slopes analyses revealed that a negative
significant slope characterized the relation between psychological control and intellectual
ability (B=-1.73, SE =.76, p < .05) when sleep efficiency was high. For these youths,
estimated levels of intellectual ability were higher at lower (99.44) versus higher (93.59)
levels of psychological control. When sleep efficiency was low, the slope was not significant
and intellectual ability did not differ based on psychological control (B = .45, SE=.76,p=.
55). Additionally, at low levels of psychological control, intellectual ability test scores were
higher at higher levels of sleep efficiency (estimated level = 99.44) compared to lower levels
of sleep efficiency (estimated level = 94.39), a difference of about .38 SDs. At high levels of
psychological control, intellectual ability scores appear similar regardless of sleep. Regions
of significance test indicated that the association between psychological control and
intellectual ability was significant at .43 SDs above the mean on sleep efficiency. Similar to
the pattern of effects observed for harsh parenting, Figure 2 illustrates that the highest levels
of cognitive performance were evident for youths with both higher sleep efficiency in
conjunction with lower psychological control.
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Models examining the effect of sleep minutes did not yield significant main effects or
interactions involving the family stress variables. Thus, these results are not reported.

Discussion

Intellectual ability is a uniquely consequential asset with long-term implications for
educational attainment, occupational success, and psychological adjustment. Despite its
relatively high stability, research suggests that intellectual ability may be influenced by
family experiences (Byford et al., 2012; Koenen et al., 2003; Ybarra et al., 2007). At the
same time, studies suggest that bioregulatory factors may exacerbate or attenuate the risk
associated with family stress (EI-Sheikh & Erath, 2011). The present study is the first to
examine sleep as a moderator of associations between multiple dimensions of family stress
and intellectual ability in a relatively large and diverse sample of adolescents. Marital
conflict, harsh parenting, and parental psychological control were assessed with well-
validated adolescent reports; sleep duration and sleep quality were assessed objectively via
actigraphy; and intellectual ability was indexed through cognitive performance on
standardized tests. Several potential confounds were controlled, including variables
representing socioeconomic status and family structure.

No direct associations between family stress and cognitive functioning emerged. However,
harsh parenting and parental psychological control interacted with sleep quality to predict
cognitive performance, suggesting that sleep quality may alter the association between
negative parenting and intellectual ability. Notably, psychological control and harsh
parenting were only modestly correlated, yet interacted with sleep quality in a similar
manner to predict cognitive performance. Thus, although harsh parenting and psychological
control may be linked with intellectual ability via a similar interactive process, these forms
of negative parenting do not necessarily co-occur within families, underscoring the value of
considering multiple dimensions of family stress to advance a more complete understanding
of the predictors of intellectual ability. Although it approached statistical significance,
marital conflict did not interact significantly with sleep quality to predict cognitive
functioning, but was strongly correlated with harsh parenting. Interactive associations
linking harsh parenting, but not marital conflict, with intellectual ability may be related to
the extent to which adolescents are targeted directly in the case of harsh parenting compared
to marital conflict, though further research will be necessary before any conclusions can be
drawn.

The most notable result of the present study involved the interaction between parental
psychological control and sleep quality. Higher psychological control was significantly
associated with lower intellectual ability among adolescents with better sleep quality, but not
among adolescents with poorer sleep quality. These results indicate that adolescents who
sleep well and experience low levels of psychological control demonstrate the highest
intellectual ability. However, the benefits of high quality sleep may be less pronounced
when adolescents experience higher levels of psychological control. These findings are
consistent with the protective-reactive moderating process proposed by Luthar, Cicchetti,
and Becker (2000), as high quality sleep was generally advantageous in the context of low-
risk parenting (i.e., low psychological control, low harsh parenting), but less advantageous
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in the context of high-risk parenting. Building on existing literature, this finding suggests
that good quality sleep may not only be protective against negative contexts (Buckhalt et al.,
2009; El-Sheikh et al., 2010), but also beneficial in more positive contexts (Bernier et al., in
press; Bordeleau et al., 2012).

Neither psychological control nor harsh parenting was associated with intellectual ability
among adolescents with relatively low quality sleep. This pattern of moderation effects is
not consistent with expectations informed by the cumulative risk framework (Sameroff et
al., 1998). Rather, it appears that adolescents with poor sleep quality did not benefit from
low-risk parenting compared to those with better sleep. Although patterns of moderation
effects are difficult to replicate, clarification of the nature of vulnerability and protection
associated with children's sleep in the context of family functioning is an important avenue
for future research.

The stronger association between negative parenting and poorer adjustment among
adolescents with better sleep (rather than poorer sleep) shows both consistencies and
inconsistencies with published work that varies based on development period, sleep
measures, and/or outcome variables. In comparison to adolescents with better sleep,
interparental conflict was more strongly associated with aggression among youths who
reported shorter weekday sleep duration and greater differences in sleep duration between
weekdays and weekends (Lemola et al., 2012). Further, better sleep quality, assessed via
actigraphy, protected children against internalizing problems otherwise associated with
parental psychological control in late childhood, although the protective effect of better
sleep was limited to children from higher SES families (EI-Sheikh et al., 2010). Thus,
moderation findings of Lemola et al. and El-Sheikh et al. are different from those observed
in the present study. More consistent with findings of the current investigation, stronger
associations linking maternal sensitivity with children's lower internalizing and externalizing
symptoms (Bordeleau et al., 2012) and greater attachment security (Bernier et al., in press)
were observed among young children with longer versus shorter sleep duration. Similarly, in
comparison to children with less consolidated sleep in infancy, a stronger association linking
maternal sensitivity with executive functioning and perspective taking emerged for those
with more consolidated sleep (Bernier et al., in press). In these studies and the present study,
the highest levels of positive outcomes were observed for children with more positive
parenting and better sleep. Overall, the pertinent literature is underdeveloped and mixed, and
it remains unclear whether family relationship experiences and child adaptation are more
strongly related among children with better sleep (as suggested by the current study, Bernier
et al., in press, and Bordeleau et al., 2012) or poorer sleep (EI-Sheikh et al., 2010; Lemola et
al., 2012).

Sleep efficiency, but not sleep minutes, moderated relations between family stress and
intellectual ability. Several studies have reported associations between sleep quality, but not
duration, and either adjustment outcomes or family stress (Sadeh et al., 2000). In the context
of sleep deprivation, a compensatory mechanism may extend the sleep period yet this may
not translate into better quality sleep (Sadeh et al., 2003). Poor sleep efficiency can disrupt
prefrontal cortex processes, which are integral to executive functioning (Dahl, 1996; Muzur,
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Pace-Schott, & Hobson, 2002), such as disruptions in emotional memory (Walker & van der
Helm, 2009).

Although interactions between family stress and sleep emerged, direct associations linking
either family stress or adolescent sleep with intellectual ability were not observed. In the
literature, both null and modest effects linking either family stress (Byford et al., 2012;
Koenen et al., 2003; Ybarra et al., 2007) or sleep (Astill et al., 2012) and cognitive
functioning and intellectual ability have been found. Additionally, the association between
sleep and intellectual ability has been moderated by other factors, such as SES (Buckhalt et
al., 2009). Further, the link between family stress and intellectual ability may be moderated
by other factors, as found in the present study. Further identification of individual
differences and contexts that may affect the association between family functioning and
children's development across multiple domains is imperative for identifying for whom and
under which conditions these relations are evident.

It is important to note several limitations of the present study and directions for future
research. The cross-sectional design does not permit conclusions about directionality or
causality; given the stability of intellectual ability, and thus the potentially high threshold for
environmental stress to influence intellectual ability, longitudinal data beginning in
childhood are needed to replicate and extend our results. It is also worth noting that the
magnitude of effects in the present study was generally modest, underscoring the need for
further tests of the hypotheses under investigation and highlighting the potential importance
of multiple untested variables that could underlie intellectual ability. Although we referred
to the potentially different protective functions of sleep in different contexts, it will be useful
for future research to directly compare sleep as a moderator of multiple forms of
environmental risk, such as family, peer, and socioeconomic stress. In addition, whereas the
objective assessment of sleep quality is a strength of the present study, hypotheses were not
supported with the measure of sleep duration. Thus, measuring multiple dimensions of
sleep-wake processes may help clarify the unique roles of different dimensions of sleep.
Despite the need to advance the current study before strong conclusions can be drawn, this
multi-method study provides the first evidence that sleep moderates associations linking
parental psychological control and harsh parenting with intellectual ability during
adolescence, and therefore contributes to a multi-dimensional conceptualization of some of
the predictors of intellectual ability.
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Figure 1.
Sleep efficiency as a moderator of the relations between harsh parenting and adolescents'

intellectual ability.
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Figure 2.
Sleep efficiency as a moderator of the relations between parental psychological control and

adolescents’ intellectual ability.
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Table 2

Unstandardized and Standardized Coefficients of Associations Linking Family Stress and Adolescent Sleep
with Intellectual Ability

Intellectual ability
B SE B R2
Step 1 6.6%
Sex .75 1.74 .03
Ethnicity -286 187 -.10
Income-to-needs 1.82 74 .18*
Marital status -1.35 224 -04
Biological mother -6.89 481 -.10
Biological father 203 243 .06
Step 2 9.4%
Marital conflict (MC) .52 .37 14
Harsh parenting (HP) -.04 .34 -.01
Psychological control (PC)  -.62 .52 -.08
Step 3 9.4%
Sleep efficiency .08 15 .04
Step 4
MC x Sleep efficiency -.07 04  -13 10.7%
HP x Sleep efficiency -.07 .04 __14* 11.4%
PC x Sleep efficiency -.16 .08 __14* 12.2%

Note. Sex coded 0 = girls, 1 = boys; ethnicity coded 0 = European American, 1 = African American; marital status coded 0 = married, 1 =
unmarried; biological mother coded 0 = biological mother, 1 = father's partner; biological father coded 0 = biological father, 1 = mother's partner.
Interactions were examined one at a time, controlling for the main effects of other family stress variables. Significantly correlated exogenous
variables were allowed to covary.

*
p<.05.
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