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Abstract

Poor sleep is thought to interfere with children’s learning and academic achievement (AA). 

However, existing research and theory indicate there are factors that may mitigate the academic 

risk associated with poor sleep. The purpose of this study was to examine the moderating role of 

children’s effortful control (EC) on the relation between sleep and AA in young children. One 

hundred and three 4.5- to 7-year-olds (M = 5.98 years, SD = 0.61) wore a wrist-based actigraph 

for five continuous weekday nights. Teachers and coders reported on children’s EC. EC was also 

assessed with a computer-based task at school. Additionally, we obtained a standardized measure 

of children’s AA. There was a positive main effect of sleep efficiency to AA. Several relations 

between sleep and AA were moderated by EC and examination of the simple slopes indicated that 

the negative relation between sleep and AA was only significant at low levels of EC.
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Children’s Sleep and Academic Achievement: The Moderating Role of 

Effortful Control

Early academic achievement (AA) plays a central role in children’s opportunities for later 

academic, social, and professional success (Duncan et al., 2007). Efforts to understand AA 

are increasingly focusing on the role of children’s sleep, in part because sleep is believed to 

play a critical role in learning, memory consolidation, and brain plasticity (Walker, 2009). 

Despite the hypothesized importance of sleep to children’s learning and AA, the empirical 

literature illustrates that poor sleep is not always associated with low levels of AA (Mayes et 
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al., 2008), suggesting that there are other factors that influence the strength of the relation 

between sleep and AA. Consistent with this pattern, El-Sheikh and colleagues recently 

hypothesized that the interaction between sleep and contextual-ecological factors may 

predict AA (El-Sheikh, Tu, Erath, & Buckhalt, 2014). The principal aim of this study was to 

examine the relations between sleep (quantity, timing, and quality) and AA and to test 

whether children’s effortful control (EC) moderates these relations.

The Importance of Sleep

Sleep is a multidimensional construct, characterized by changes in brain wave activity, 

breathing, heart rate, and other physiological functions (National Sleep Foundation, 2006). It 

is defined as “a reversible behavioral state of perceptual disengagement from and 

unresponsiveness to the environment” (Carskadon, & Dement, 2011, p.16). The purposes 

and mechanisms of sleep are only partially understood and are the subject of substantial 

ongoing research (Frank, 2006). However, sleep is thought to be essential for revitalizing 

and restoring the physiological processes that keep the body and mind healthy and 

functioning properly (Horne, 1988; Oswald, 1980).

Sleep is especially important for children because it supports growth and development. 

Children between the ages of 6–13 require between 9–11 hours of sleep per night to 

minimize behavioral problems and cognitive deficits believed to impact the ability to learn in 

school (National Sleep Foundation, 2014). Nonetheless, a considerable proportion of school-

aged children get less sleep than is recommended, with 23% of children sleeping only eight 

hours per night and 8% sleeping seven hours or less (National Sleep Foundation, 2014). 

Despite the importance of sleep to brain maturation and cognitive development (Dahl, 2005; 

Walker, 2009), less attention has been paid to individual differences during this time period 

compared to infant and adult research (c.f., Vaughn, Elmore-Staton, Shin, & El Sheikh, 

2015). We attempted to partially address this gap by examining sleep in kindergarteners and 

first graders because these students are adapting to academic and social demands often 

predictive of later academic success (Duncan et al., 2007).

Parental reports have been a main source of information on children’s sleep (Sadeh, 2008), 

but the reliance on parent-report is problematic. Subjective parent reports overestimate 

children’s sleep by 30 to 60 or more minutes per night (Biggs, Lushington, Van den Heuvel, 

Martin, & Kennedy, 2011; Dayyat, Spruyt, Molfese, & Gozal, 2011). Additionally, parents 

can only report about what they are aware of or are told and will likely not know if a child 

spends a significant time awake or if the child’s sleep was disturbed throughout the night 

(Sadeh, 1994, Sadeh, Raviv, & Gruber, 2000; Werner, Molinari, Guyer, & Jenni, 2008). To 

overcome this bias, a growing number of scholars suggest that objective measures, including 

actigraphy, are more reliable measure of sleep than parental reports (see Dayyat et al., 2011 

for review). Actigraphy is a non-invasive method of monitoring human rest/activity cycles 

worn on the wrist for several days that can provide a reliable index of sleep (Spruyt, Gozal, 

Dayyat, Roman, & Molfese, 2011). Thus, in this study, we utilized actigraphy as an 

objective measure of children’s sleep. Although researchers have examined sleep and its 

impact on child functioning, most have focused on sleep quantity (Astill, Van der Heijden, 

Van Ijzendoorn, & Van Someren, 2012; Lushington, Pamula, Martin, & Kennedy, 2013; c.f., 
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Vaughn et al., 2015). Sleep quantity captures the actual time during which an individual is 

asleep (sleep duration) as well as the night-to-night variability in hours of sleep (sleep 

duration variability). It is also important to consider sleep timing and quality. Sleep timing 

refers to the initiation of the transition from wakefulness into sleep (sleep onset) with higher 

scores indicating later sleep start times and likely less sleep. Sleep quality, on the other hand, 

indexes difficulties initiating sleep and maintaining sleep. For example, the length of time 

that it takes to accomplish the transition from full wakefulness to sleep (sleep latency) as 

well as the percentage of time spent asleep compared to overall time spent in bed (sleep 

efficiency) are common measures of sleep quality (Respironics, 2008).

Support for the perspective that sleep quantity, timing, and quality represent separate 

dimensions of sleep comes from studies showing that there are often weak correlations 

between these dimensions of sleep (Buckhalt, El-Sheikh & Keller, 2007; Meijer, Habekothe, 

& van den Wittenboer, 2000). Additionally, there is evidence for compensatory mechanisms 

in sleep, whereby when sleep quantity or sleep quality decrease, the body adapts by 

improving the opposite sleep component (Sadeh, Gruber, & Raviv, 2003). For example, 

reduction in sleep duration may result in the consolidation of sleep with a higher sleep 

efficiency. Focusing on only one facet of sleep, therefore, may not provide a complete 

understanding of the role of sleep in important outcomes such as AA.

Sleep and Academic Achievement

Dahl’s model (Dahl, 1996) suggests that sleep deficits produce desynchronization of neural 

communication, which may lead to poorer performance in complex, high-challenging 

situations such as the classroom. Poor sleep is also believed to be linked to reduced 

activations in critical brain regions (e.g., frontal, parietal), thereby likely impinging on 

alertness and attention, impairing restorative processes, and resulting in subsequent 

difficulties in impulsivity and working memory that are important for AA (Buckhalt, 

Wolfson, & El-Sheikh, 2009; Dahl, 1996; Steenari et al., 2003). When children get 

insufficient sleep or poor quality sleep, their motivation and engagement for carrying out 

tasks may diminish, as well as their concentration, reasoning, and problem-solving skills 

(Buckhalt, El-Sheikh, Keller, & Kelley, 2009; Meijer et al., 2000). Additionally, insufficient 

sleep may promote feelings of sleepiness and irritability, influence task completion and 

persistence, and lead to poor task performance (Dahl, 1996; Steenari et al., 2003). An 

increasing number of researchers have found strong relations between sleep and memory, 

with sleep being a vital component for the processing of newly acquired information and for 

the long-term storage of memory, both of which are essential for learning (see Walker, 2009, 

for review). Moreover, poor, insufficient, or disorganized sleep is associated with lower 

cognitive functioning and academic performance in 8–16 year olds (Buckhalt, El-Sheikh, et 

al., 2009; Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010; Epstein, Chillag, & Lavie, 1998).

In contrast, the pattern of findings is limited in young children (Vaughn et al., 2015) and, at 

times, contradictory. Bernier et al. (2013) followed children from one to four years of age 

and found that better parent-reported sleep at age one was associated with better abstract 

reasoning skills, concept formation, and problem-solving skills at age four. Parent-reported 

sleep problems in preschool have also been negatively associated with performance on tasks 
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assessing working memory (Karpinski, Scullin, & Montgomery-Downs, 2008; Nelson, 

Nelson, Kidwell, James, & Espy, 2015). Ravid and colleagues found that shorter sleep 

duration and reduced sleep quality (objectively measured) were associated with kindergarten 

retention (Ravid, Afek, Suraiya, Shahar, & Pillar, 2009a). Additionally, children who 

performed poorly on first grade achievement tests were more likely to have sleep 

disturbances such as increased sleep latency and lower sleep efficiency compared to their 

peers (Ravid, Afek, Suraiya, Shahar, & Pillar, 2009b). Greater sleep latency and lower sleep 

efficiency have also been associated with greater memory errors and poorer grades in math 

and English in 6-to 13-year olds (Gruber et al., 2014; Steenari et al., 2003). In addition, in a 

study with 2.5–6 year-olds, Touchette et al. (2007) found significant negative associations 

between sleep duration and neurodevelopmental tests.

However, several researchers have found non-significant or inconsistent relations between 

sleep and AA (Buckhalt, El-Sheikh, & Keller, 2007; Cooper, Kohler, & Blunden, 2012; 

Mayes et al., 2008). Additionally, the average effect sizes from a meta-analysis involving 

relations between 5–12 year-olds sleep efficiency and multiple cognitive/memory variables 

and school performance, as well as the average effect of sleep duration on children’s 

memory and intelligence were nonsignificant (Astill et al., 2012). One reason for these 

discrepancies may be whether or not sleep was assessed for a short period (i.e., overnight) or 

over several nights (Astill et al., 2012). Moreover, mixed findings may exist because the 

relation between sleep and AA is moderated by other contextual factors or developmental 

processes (Buckhalt et al., 2007; El-Sheikh et al., 2014; Mayes et al., 2008).

Effortful Control and Academic Achievement

Temperament theorists such as Rothbart identify EC as a protective factor for later 

adjustment (Rothbart, Ellis, Rosario Rueda, & Posner, 2003) and, therefore, EC may 

mitigate the effects of poor sleep on AA. EC has been defined as “the efficiency of executive 

attention— including the ability to inhibit a dominant response and/or to activate a 

subdominant response, to plan, and to detect errors” (Rothbart & Bates, 2006, p. 126). EC 

reflects an individual’s ability to willfully modulate thoughts, emotions, and behavior and is 

the temperamental basis for self-regulation (Rothbart & Bates, 2006). EC is thought to foster 

children’s engagement in learning activities and to facilitate classroom processes (Ladd, 

Birch, & Buhs, 1999), perhaps making it easier for children high in EC to master reading 

and math concepts (Duncan et al., 2007).

Executive functioning, a closely related construct, reflects higher-level cognitive processes 

important for engaging in deliberate, goal-directed thought and action (inhibitory control), 

cognitive flexibility (attention shifting), and working memory processes (see Bridgett, Oddi, 

Laake, Murdock, & Bachmann, 2013). Central to both EC and executive functioning 

constructs are the abilities to focus attention, shift attention to new tasks, and inhibit 

impulsive behaviors which are especially important in the classroom, where paying attention 

and following instructions are necessary for limiting class disruptions and for efficient 

learning. Children’s EC and executive functioning positively predict various components of 

AA, including emergent literacy and math skills and school readiness (Blair & Razza, 2007; 

Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Ponitz, McClelland, Matthews, & 
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Morrison, 2009; Valiente et al., 2010; Valiente et al., 2008), even after accounting for initial 

cognitive and/or language ability (Blair & Razza, 2007; Duncan et al., 2007; McClelland et 

al., 2007).

The Moderating Role of EC

Although the importance of examining relations among sleep, self-regulation, and AA in 

children has been recognized (Dahl, 1996; 2005; Sadeh et al., 2003), EC has not, to our 

knowledge, been investigated as a potential moderator of the relations between children’s 

sleep and their AA. In the social competence and adjustment literature, however, there is 

preliminary evidence for interaction effects between sleep, albeit measured through 

subjective parent-reports, and self-regulation. Five-year olds’ sleep deficits were most 

strongly related to problem behaviors at low levels of self-control in infancy (Goodnight, 

Bates, Staples, Pettit, & Dodge, 2007). Moreover, El-Sheikh (2007) suggested that 

regulatory functioning may be a moderator that either decreases or aggravates negative child 

outcomes in the context of objectively measured sleep disruptions. In a study of 8- and 9- 

year-olds, actigraph-measured sleep disruptions were related to increased adjustment 

problems when children exhibited lower regulation (measured by vagal tone withdrawal; El-

Sheikh, Erath, & Keller, 2007). Although the previous studies focused on maladjustment, 

recently Elmore-Staton and colleagues (2014) argued that there is substantial variability in 

the relation between sleep and AA and that assessment of moderators, including children’s 

regulation, is critical for elucidating this association. Indeed, findings suggest that links 

between AA and sleep may be weaker when children have other resources (e.g., income) in 

conjunction with regulatory capacities to compensate for poor sleep quality (Elmore-Staton, 

Hinnant, Buckhalt, & El-Sheikh, 2014). Accordingly, we expected the negative relation 

between poor sleep and AA to be most pronounced for children low in EC. In contrast, we 

did not expect a negative relation between poor sleep and AA at high levels of EC.

The Present Study

In the current study, we examined the degree to which objectively measured sleep in young 

children, as well as individual differences in EC (assessed with multiple methods), were 

related to AA, and whether children’s EC moderated the relations between sleep and AA. 

We utilized actigraphy to assess children’s sleep quantity, timing, and quality. Poor sleep 

was expected to relate negatively to AA, but only at low levels of EC. Due to evidence 

pointing towards gender differences in AA (Matthews, Ponitz, & Morrison, 2009) and 

because children in our sample ranged from 4 ½ to 7 years of age, we included sex and age 

as covariates. Moreover, SES and ethnicity (Hispanic or non-Hispanic) were entered as 

additional covariates as educational attainment differences have been noted (Davis-Kean, 

2005; Stevenson, Chen, & Uttal, 2008). Despite the fact that the majority of children did not 

use medications that may influence sleep (e.g., allergy medication, cough medicine, etc.) 

during the week of actigraphy, use of medication was also controlled for in all analyses.
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Method

Participants

Participants included 103 kindergarteners and first graders (50.5% girls) in 33 elementary 

classrooms. They were recruited through phone calls and mailings from a larger study of 

emotions, relationships in school, and AA. According to parents’ reports, 49.5% of children 

were Hispanic, 44.7% were non-Hispanic and 5.8% did not report; of the non-Hispanic 

children, 82.6% were White, 4.3% were Black, 2.2% were Asian, 8.7% were American 

Indian, and 2.2% reported they were of mixed race. Children were between the ages of 4.64 

and 7.51 years (M = 5.98 years, SD = 0.61) and were predominantly from two-parent homes 

(86.7%) with an average income between $60,000-$69,999 (ranging from less than $9,999 

to more than $100,000). Five percent of mothers did not obtain a high school diploma, 14% 

had only a high school diploma or equivalent, 33% had some college education, 47% were 

college graduates or higher, and 1% did not report on their level of education.

Procedure

Data were obtained from multiple sources and methods. During the fall, teachers and coders 

reported on children’s EC. Each child was observed by 2 or 3 different coders on three days 

each week in school for approximately 9–12 weeks. EC was also assessed with a computer-

based task at school. In a series of home visits that took place in early spring, actigraphs 

were delivered to participants’ homes and caregivers were instructed to have their child wear 

the actigraph for five consecutive weekday nights. Later in the spring semester, AA was 

measured with subtests from the Woodcock Johnson III (WJ-III) tests of achievement at 

school. Research assistants who administered the continuous performance task (CPT) and 

the WJ-III were trained for approximately five weeks and monitored by expert staff. We 

compensated parents and teachers monetarily, and children received two small toys for their 

participation.

Socioeconomic Status (SES)

In the fall, parents provided an estimate of their combined family income (1= $0-$9,999 to 

11= $100,000 or over) as well as maternal education (1 = less than HS diploma to 4 = 

college graduate or higher). Income and education were significantly positively correlated, 

r(91) = .73, p < .001; therefore, a measure of SES was created by standardizing income and 

education and averaging the z scores.

Effortful Control

During the fall, teachers and coders rated (1 = extremely false to 7 = extremely true) 

children’s EC in school using the Attentional Focusing (11 for teachers and 5 for coders; 

e.g., “Is easily distracted when listening to a story”; αs = .92 and .92), Inhibitory Control (13 

items for teachers and 4 for coders; e.g., “Can easily stop an activity when she/he is told 

"no"”; .90 and .90), and Attention Shifting (12 items for teachers; e.g., “Needs to complete 

one activity before being asked to start on another one”; α = .93) subscales from the 

Children’s Behavioral Questionnaires (CBQ, Rothbart, Ahadi, Hershey, & Fisher, 2001). 

Coders did not report on attention shifting. Some CBQ questions were slightly modified to 
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increase comprehension and because some of the original items did not fit the school 

context. Correlations among the subscales ranged from rs(99)= .62 to .79 for teachers and 

r(102)=.87 for coders, all ps < .001. The scales were averaged within reporter (αs =. 92 and .

93 for teachers and coders, respectively).

In addition, trained research assistants administered a computer-based CPT to assess EC 

(adapted from NICHD, 2003) in school. Children were seated in front of a computer and 

were asked to press the space bar as soon as the target stimulus appeared on the screen. Two 

hundred twenty pictures of different familiar objects (e.g., butterfly, flower) were randomly 

presented on the screen, including 44 presentations of the target stimulus and 176 

presentations of non-target stimuli. Stimuli appeared on the screen for either 0.2 or 0.5 

seconds (first graders had a shorter viewing window to avoid ceiling effects) with 1.5 second 

intervals between stimuli. Children were asked to press the space bar upon seeing the target 

stimulus in order to get the trial correct. The proportion of false alarms (e.g., saw no target 

stimulus and pressed) was subtracted from the proportion of correct hits (e.g., saw target 

stimulus and pressed); high scores reflect higher EC. Children needed to complete 75% of 

trials to be included in analyses; all children had a sufficient number of trials.

Sleep Measures

In early spring, children wore wrist-based actigraphs (Actiwatch 2; Philips Respironics Inc) 

on their non-dominant hand for five consecutive school days. During a home visit, caregivers 

and children were instructed to remove the actigraph only if the child was showering or 

engaging in activities where the actigraph could be damaged (i.e., swimming). Additionally, 

caregivers were instructed to give their child a sticker for each day that he or she 

successfully wore the actigraph. The actigraph continuously measured motion using a 

piezoelectric accelerometer, allowing the detection of sleep/wake states (Weiss, Johnson, 

Berger, & Redline, 2010). The threshold was set to 40 counts per epoch, with a range of 20–

80 (Meltzer, Walsh, Traylor, & Westin, 2012b). For school-age children, lower thresholds 

have been found to underestimate while higher thresholds overestimate sleep duration and 

sleep efficiency (Meltzer et al., 2012b). Sleep variables were computed utilizing 1-minute 

epochs and based on significant movement after at least 10 minutes of inactivity.

Researchers scored sleep data using the Phillips Actiware V5.7 program, which includes a 

validated algorithm to measure sleep in children (Hyde et al., 2007; Meltzer et al., 2012b). 

Actigraphy data were validated with parental reports of sleep behavior. Parents were asked 

to keep a daily sleep diary recording their child’s sleep-wake times. Sleep diaries were 

available in either English or Spanish; 13 caregivers completed their diaries in Spanish 

(Spanish translations were back translated as a quality check). Procedures for setting sleep-

wake times followed previously established protocols (Acebo & Carskadon, 2002). Sleep 

start and end times were set by the researcher based on the daily diaries. Sleep onset and 

sleep end time were then calculated by the software (Respironics, 2008).

For this report, two actigraph measures of sleep quantity were used: sleep duration (time 

spent asleep in minutes) and sleep duration variability (day-to-day variability of time spent 

asleep). We also used sleep onset (average sleep start time) as an index of sleep timing. In 

addition, we used two indices of sleep quality: sleep latency (time required for sleep to start 
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after initiating the intent to sleep) and sleep efficiency (percent of minutes scored as sleep 

compared to overall time spent in bed). Children’s average weekday sleep quality and 

quantity were calculated from a minimum of three weekday nights of data collection (Acebo 

et al., 1999). On average, 4.88 nights (SD = .35) of actigraphy data were available per child. 

Eighty-nine percent of children had data for the entire five nights, 10% had data for four 

nights, and less than 1% had only three nights of data. Reasons for missing data included 

forgetting to wear the actigraph and mechanical problems.

Academic Achievement

During school days in late spring, an experimenter administered the Applied Problems and 

Passage Comprehension subtests from the WJ-III to each child (Woodcock, McGrew, & 

Mather, 2001). The WJ-III is appropriate for assessing academic abilities in individuals 

ranging from 2 to 90 years of age. Applied problems has a mean reliability range of .88 – .94 

and passage comprehension has a mean range reliability of .94 – .96 in children 4 to 7 years 

of age (Woodcock, McGrew, & Mather, 2001). W scores from these subtests were used in 

the analyses. W scores, which are similar to standardized scores, were computed from raw 

scores using the WJ-III software. The W score allows for a comparison with a normative 

population based on a score provided by the WJ-III. The correlation between the two 

subscales was r(99) = .59, p < .001; thus, they were averaged and used as a measure of AA.

Results

Prior to addressing the primary research question, a series of preliminary analyses were 

conducted. Intra-class correlations (ICCs) considering multiple children sampled from the 

same classroom ranged from .03 −.16 for sleep variables and ranged from .03 – .53 for EC 

and AA. Consequently, a multilevel statistical approach—specified using the type=complex 

command in Mplus 6, with classroom as the cluster variable—was used in all analyses to 

account for the nested data structure (Muthén, & Muthén, 1998–2010). Full information 

maximum likelihood estimation with robust standard errors (MLR) was used. We applied 

confirmatory factor analysis (CFA) to create factor scores for children’s EC. We then 

examined correlations among the key variables and whether the interactions between EC and 

sleep predicted AA.

Preliminary Analyses

In order to reduce the number of analyses, we computed a CFA for EC using teacher-

reported EC, coder-reported EC, and CPT performance as indices of children’s EC. The 

model was saturated and therefore fit could not be evaluated. EC variables were positively 

correlated, rs ranged from r(99) =.26 to .47, ps < .01. Consistent with the significant zero-

order correlations among the three indices, the model-estimated standardized loadings were 

significant, all ps < .01, in the expected direction, and ranged from .39 to .71. A factor score 

was estimated using Mplus and used in all subsequent analyses.

The correlations shown in Table 1 were estimated in Mplus to account for clustering and 

missing data. Consistent with expectations, the control variables were related to a number of 

the focal variables. Sleep variables were correlated with one another in the expected 
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directions. EC did not significantly correlate with AA. There were no significant correlations 

between the measures of sleep and AA.

Prediction of AA

To test our hypotheses, we computed five regression analyses (five measures of sleep X one 

moderator). In each regression, we controlled for sex, age, Hispanic (ethnicity), SES, and 

medication use. Because Mplus does not provide an F test for regression analyses, regression 

models were compared against a baseline model in which all paths from the predictors to 

AA were fixed to zero. As is the case for an F test, a significant χ2 for the baseline model 

indicates that the combined contribution of predictors is statistically significant (Muthén, & 

Muthén, 1998–2010). The effect of EC was positive and significant in each model, whereas 

only sleep efficiency was positively related to AA (see Table 2).

Table 2 summarizes the interactions between EC and sleep. EC significantly interacted with 

duration variability, sleep onset, and sleep latency. Significant interactions were examined in 

Mplus and plotted in accordance with the procedures outlined by Aiken and West (1991). As 

shown in Figure 1, Graph A, sleep duration variability was negatively related to AA at low 

levels of EC, b = −.17, z = −4.72, p < .001, but was unrelated to AA at moderate or high 

levels of EC. In addition, the negative relation between sleep onset and AA approached 

significance at low levels of EC, b = −8.58, z = −1.88, p = .061, but was unrelated to AA at 

moderate or high levels of EC (Figure 1, Graph B). Sleep latency was also negatively related 

to AA at low EC, b = −.36, z = −2.90, p < .01. At high EC, the positive relation between 

sleep latency and AA approached significance, b = .24, z = 1.82, p = .068 (Figure 1, Graph 

C). The pattern of findings remained the same when controlling for outliers.

Discussion

The goal of this study was to examine the relations between sleep and AA in a sample of 

kindergarten and first graders by testing the moderating role of children’s EC. In support for 

our hypotheses, there were significant negative relations between poor sleep and AA, but 

only for children low in EC. These findings represent an important extension of the existing 

body of sleep literature because, to our knowledge, no study has examined the moderating 

effect of EC in associations between sleep and AA. These findings provide insight into why 

nonsignificant relations between sleep and early AA might be found and under what 

conditions poor sleep is particularly detrimental to children’s AA. Previous researchers have 

reported interactions between sleep and children’s regulatory abilities, but such interactions 

have only been examined in the context of problem behaviors (El-Sheikh et al., 2007). In an 

extension of this line of research, our findings illustrate that the relation between poor sleep 

quantity (sleep duration variability) or quality (sleep latency) and AA were negative at low 

levels of EC. A similar, albeit weaker, negative relation between sleep timing (sleep onset) 

and AA emerged at low levels of EC. Children with poor sleep (later sleep onset, longer 

sleep latencies, or greater night-to-night variability in sleep duration) are hypothesized to 

exhibit low alertness and impaired concentration, making it difficult to learn efficiently. Poor 

sleep may also make children susceptible to a wide range of problems, including lack of 

motivation to complete school work, and reduced engagement in class activities as well as 
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compromised cognitive and behavioral functioning (Buckhalt, Wolfson, et al., 2009; Dahl, 

1996, 2005; Meijer et al., 2000). However, our findings indicate that the expected negative 

relations may be observed only when children are low in EC.

Children with lower EC may not be able to attend to information, or regulate their behavior 

in the classroom, in order to compensate for the effects that poor sleep has on AA. However, 

when children are high in EC (i.e., they can focus, inhibit dominant responses, and detect 

errors), they may be able to overcome and even compensate for the learning and 

achievement challenges believed to be associated with poor sleep (Rothbart & Bates, 1998). 

In support of this idea, at high levels of EC, there was evidence for a positive relation 

between sleep latency and AA that approached significance. Children with greater EC may 

spend the time they are awake assessing the day’s performance and identifying their errors, 

resulting in longer sleep latencies, but benefiting their AA. In future work, it would be 

interesting to examine whether EC helps children use the time they are awake more 

constructively. For example, it is possible that children high in EC spend some of their 

awake time planning ways to overcome academic demands.

A significant interaction was found for sleep duration variability but not sleep duration. 

Having high levels of variability might be more detrimental to daytime functioning (Acebo 

& Carskadon, 2002). Specifically, sleeping poorly one night may prompt an individual to 

‘catch up’ by sleeping longer the subsequent night (Bagley & El-Sheikh, 2013). The act of 

‘recovery’ sleep can then result in even worse sleep during the following night, as overly 

long sleep tends to undermine the ability to fall asleep (Lemola, Ledermann, & Friedman, 

2013). Such a pattern is consistent with homeostatic sleep regulation, in which deficient 

sleep leads to compensatory increases in sleep duration, while excessive sleep results in the 

opposite effect (Mezick et al., 2009). Our findings are also consistent with prior research 

with both preschoolers and adolescents that suggests that low sleep duration variability is 

more important for an individual’s functioning and school adjustment than average sleep 

time (Bates, Richard, Douglas, Beyers, & Stockton, 2002; Fuligni & Hardway, 2006; 

Lemola et al., 2013).

Additionally, an interaction was found for a component of sleep quality that happens right at 

bedtime (i.e., sleep latency) but not for overall sleep efficiency. There was, however, a 

positive main effect for sleep efficiency. Higher sleep efficiency is believed to strengthen 

neural connections enabling better memory consolidation and information processing 

(Walker, 2008; 2009) and has been associated with better grades in math and in English 

(Gruber et al., 2014). However, research on ADHD and anxiety indicates that the strongest 

associations between sleep and maladaptive outcomes—for which EC would be most 

beneficial—are those that happen as children are trying to fall asleep (Owens, 2009). Hence, 

EC may be especially important in the relation between sleep initiation difficulties and early 

AA, in contrast to sleep efficiency that takes into account sleep quality throughout the night.

Although not the focus of this study, EC was negatively correlated with sleep duration. 

Similarly, Vaughn and colleagues (2015) found a positive relation between EC and 

variability in sleep onset (less variability in sleep is believed to be associated with better 
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adaptation). Why greater EC is correlated with poorer sleep, and why it might occur are 

topics for future work.

EC has often been shown to be positively related to AA over and above a number of control 

variables. EC has been positively related to mathematics, vocabulary, literacy skills, and 

grade point average (Blair & Razza, 2007; McClelland et al., 2007; Valiente et al., 2008), 

perhaps because children high in EC are better able to focus, complete assignments, and 

avoid distractions in the classroom than children with lower EC (Duncan et al., 2007; Raver, 

2002).

Strengths and Limitations

A strength of this study was the use of actigraphy to assess sleep quantity, timing, and 

quality in young children. Additionally, to our knowledge, it is the only study to empirically 

examine EC as a potential moderator of the relations between sleep and AA. Although the 

findings advance the literature in important ways, several limitations should be noted. To 

date, there is not consistency in the literature regarding recording parameters and actigraphy 

scoring methods (Meltzer, Montgomery-Downs, Insana, & Walsh, 2012a). Further research 

is needed to examine the validity of algorithms and wake sensitivity thresholds for younger 

populations (Meltzer et al., 2012a), as adjusting scoring and sensing algorithms may alter 

results and conclusions. Additionally, the study was cross-sectional and does not address the 

direction of causal relations. Future sleep research could also include measures of family 

relationships and family functioning in order to examine the role of bedtime routines, 

parenting, and/or familial stress in children’s sleep (e.g., Buckhalt et al., 2009; El-Sheikh, 

2014).

Conclusion

In summary, we found evidence that EC moderated the relation between multiple sleep 

dimensions and AA, such that sleep was related to AA especially for children low in EC. 

These findings have implications regarding the role of sleep and EC in children’s AA. 

Children with low EC need plenty of sleep in order to be successful in school. Parents 

should encourage their children to sleep 10–11 hours each night and have consistent 

bedtimes (National Sleep Foundation, 2014). Given that greater EC may work as a buffer for 

children with sleep difficulties, fostering EC may be especially important for children 

experiencing the poorest quality and quantity of sleep. These findings highlight the need to 

consider children’s EC in future efforts to understand the complex relation between sleep 

and AA.
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Figure 1. 
Children’s effortful control moderates the relation between sleep variables and academic 

achievement.

Note: N = 103. Significant simple slopes are represented by an * and slopes approaching 

significance are denoted by a +. Levels of effortful control were tested at low (1 SD below 

the mean), moderate (mean), and high (1 SD above the mean).
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