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Abstract 

Most children discontinue daytime napping by the age of five. This study investigated the 

role of nap status and gender in executive functioning of Korean four-year olds, about half of 

whom have transitioned out of naps. Thirty-seven children living in the Gyeonggi-do area in 

South Korea participated in this study. A sleep diary filled out by parents was used to identify 

their nap habits and their executive function was assessed using the Fish Flanker Task 

involving three phases (standard, reverse, mixed). Looking at speed, reaction-time analyses 

suggested that girls take longer to warm up on the standard flanker task compared to boys a 

difference that diminishes by the next phase when children encounter the reverse flanker task. 

Looking at accuracy, children were slow to warm up. Although there were no differences in 

initial exposure to the standard flanker task, children were more accurate on congruent than 

incongruent trials in the the mixed phase regardless of nap status or gender. When shifting 

from the standard flanker to the reverse flanker task, habitual nappers were more accurate on 

incongruent trials in the reverse-flanker task compared to non-habitual nappers. There were 

no statistically significant differences in duration of nighttime sleep for habitual and non-

habitual nappers supporting the idea that the advantage in accuracy on incongruent trials for 

habitual nappers was due to the nap. The results suggest that four-year olds may still receive 

a cognitive benefit from habitual naps, especially when they must shift between tasks.  
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Introduction 

During childhood, the brain matures and goes through cognitive changes. The 

development of executive functions corresponds to the neurophysiologic development of the 

brain as the capacity of the frontal lobes and other interconnected regions increases. The 

frontal lobes increase in size and volume steadily during childhood especially between two 

and four years of age, with significant increases in the number of neurons and stronger 

synaptic connections in the frontal lobes (Cuevas, Calkins, & Bell, 2016; Huttenlocher, 2002; 

Huttenlocher & Dabholker, 1997). This development in the brain during the preschool years 

translates into cognitive improvements (Best & Miller, 2010). Consistent with this, we see 

four-year-olds showing rapid improvement of performance on executive function which 

requires them to integrate and manipulate complex information (De Luca & Leventer, 2008) 

(as cited in Bernier et al., 2013). There are three key components of executive function: 

working memory, inhibition and shifting (cognitive flexibility) (Miyake et al., 2000). 

Working memory refers to being able to mentally store and manipulate information in mind. 

Inhibition requires resisting the strong tendency to stop what you were doing or thinking. 

Finally, shifting or cognitive flexibility is about switching back and forth between multiple 

tasks flexibly while being able to change one’s focus of attention. During the preschool years, 

children experience a developmental spurt in the inhibition and working memory components 

of executive function (Diamond & Taylor, 1996; Diamond, Kirkham, & Amso, 2002; 

Dowsett & Livesey, 2000; Espy, Kaufmann, Glisky & McDiarmid, 2001; Espy, Kaufmann, 

McDiarmid, & Glisky, 1999). In addition, cognitive flexibility starts to develop (Luciana & 

Nelson, 1998). Two issues that are understudied in the literature on children's executive 

function are gender differences and sleep. 

 Findings of gender differences on children’s performance on executive function are 

somewhat inconsistent. Several studies fail to observe gender differences (Chelune & Baer, 
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1986; Passler, Isaac, & Hynd, 1987; Welsh, Pennington, & Groisser, 1991), whereas some do 

(Aarnoudse-Moens, Duivenvoorden, Weisglas-Kuperus, Van Goudoever, & Oosterlaan, 2012; 

Berlin & Bohlin, 2002; Brocki & Bohlin, 2004; Carlson & Moses, 2001, 2011; Cuevas et al., 

2016; Wiebe, Espy, & Charak, 2008; Kochanska, Murray, & Harlan, 2000; Kochanska et al., 

1996). For example, in some studies, girls showed more accurate performance whereas boys 

showed speed-accuracy tradeoffs (Bezdjian, Baker, Lozano, & Raine, 2009; Greenberg & 

Waldmant, 1993; Pascualvaca et al., 1997). Consistent with such behavioral differences 

children show gender differences in brain structure and development. In the developing brain, 

boys show faster maturation of white matter than girls, whereas girls show faster maturation of 

gray matter volume than boys (De Bellis et al., 2001; Schmithorst, Holland, & Dardzinski, 

2008). In particular, frontal lobe gray matter reaches its maximal volume earlier in girls than 

in boys (Giedd et al., 1996; Lenroot et al., 2007; Lenroot & Giedd, 2010) which should matter 

given frontal lobe involvement in executive function (Baddeley, A., Della Sala, 1996; Parkin, 

1996; Stuss & Alexander, 2000). 

Additionally, there is a paucity of research examining the association between sleep 

and executive functioning in preschool-age children. We do know that sleep patterns in infancy 

relate to executive functioning at preschool ages. Children who had higher proportions of 

nighttime sleep as infants performed better on complex executive function tasks at 4 years 

(Bernier et al., 2013). Furthermore, Sadeh et al. (2015) reported that poor sleep quality in 

infancy predicted later problems on preschooler’s executive attentional control. These 

outcomes may reflect differences in brain development given a finding of positive associations 

in five to eighteen year old children between nightly sleep duration and regional gray matter 

volume of the right dorsolateral prefrontal cortex, a brain area supporting executive function 

(Taki et al., 2012).  

Current sleep patterns also affect preschoolers' executive functioning. On the one hand, 
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preschool-age children who skip their daily nap have greater difficulty accurately processing 

negative faces as reflected in reaction times (Cremone, Kurdziel, Fraticelli-Torres, McDermott 

& Spencer, 2016) an ability potentially exacerbated by the increased challenge of processing 

information in working memory in unrested children. However, there is a classic tradeoff 

between napping and nighttime sleep with longer naps leading to shorter nighttime sleep 

(Nakagawa et al., 2016) and children with low effortful control need more nighttime sleep in 

order to do well at school (Diaz et al., 2016). Futhermore, children who slept less at night had 

poorer inhibitory control on a go/no-go test than children who slept more at night (Lam, 

Mahone, Mason, & Scharf, 2011). Finally, eliminating naps experimentally in a group of 

preschoolers led to longer nighttime sleep duration and improved sustained attention after the 

intervention compared to the nap control despite the fact that both groups showed similar final 

levels of sustained attention (Lam, Koriakin, Scharf, Mason, & Mahone, 2015).   

Taken together such studies suggest that longer nighttime sleep, sometimes resulting 

from nap cessation, may support better executive function. Although Lam et al., (2011) and 

Lam et al.,(2015) showed benefits in executive function in children who sleep more at night, 

we do not know what the requirements are in preschoolers with regard to performance on tasks 

involving more complex executive functioning. Lam et al. (2011, 2015) included a brief 

neuropsychological assessment that measures attention, short-term memory, response 

inhibition and motor persistence, as well as a computerized go/no-go test, which taps working 

memory and inhibitory control. However, these studies tested a wide range of ages (3-5 years).  

representing a period of substantial development in executive function (De Luca & Leventer, 

2008). Furthermore, group sizes were fairly small, associations were modest, and the authors 

did not break down performance by age, making it difficult to determine whether particular 

ages differed in their executive functioning more than others. Thus, the findings of Lam et al. 

(2011, 2015) may overlook contributions of daytime sleep that occur at an earlier, more 
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vulnerable, point in their age spectrum when sleep may still be crucial. Consistent with this 

possibility, executive function measures showed twice the variability at ages 3 and 4 than at 

age 5. The sample reported in Lam et al., 2011 also showed atypically short amounts of 

nighttime sleep and thus may not constitute a typical preschool age sample. For children who 

are not getting adequate levels of total sleep, increasing total nighttime sleep may be critical 

(see Sandoval, et al., 2017 for discussion of this issue).  

We address the relationship between executive function and different patterns of 

daytime and nighttime sleep in young preschoolers, taking into account gender. We tested 

preschoolers’ performance on a standard flanker task, a reverse flanker task, and a mixture of 

the two that required children to switch rules on a trial-by-trial basis. The standard flanker task 

(see methods) taps the components of working memory and inhibitory control because of the 

need to regulate attention while inhibiting distractors. The reverse flanker task taps the 

component of cognitive flexibility because participants must shift and adapt their cognitive 

processing strategies to a new condition. The Mixed flanker task puts a particularly heavy 

demand on all three core components of executive function because participants must use 

working memory to correctly recall which rule to apply while ignoring irrelevant stimuli and 

switching rules on a trial-by-trial basis. We targeted young 4-year-olds because this is a period 

of transition, with roughly 50% of children transitioning out of habitual napping by about 4 

years allowing us to gauge differences in performance as a function of nap status (Iglowstein, 

Jenni, Molinari, & Largo, 2003; Lam, Mahone, Mason, & Scharf, 2011; Thorleifsdottir, 

Björnsson, Benediktsdottir, Gislason, & Kristbjarnarson, 2002; Weissbluth, 1995). We 

measured the duration of children's nighttime sleep and whether they were habitual or non-

habitual nappers. Habitual nappers took four or more naps a week at the age of four. 

Nonhabitual nappers took three or fewer naps per week. According to Lam et al. (2011), we 

might predict that a longer duration of nighttime sleep will relate to better executive functions 
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in our sample. Moreover, the elimination of the midday nap may be a marker of brain 

maturation (Lam et al., 2011, 2015). If so, non-habitual nappers should show better executive 

function performance. However, if naps contribute importantly to executive control, habitual 

nappers may show an advantage in executive function performance. Therefore, the primary 

aim of this study is to examine the relationship between regular naps and the duration of 

nighttime sleep and different components of executive function in children. Given gender 

differences in executive function, we will also study whether executive function and nap status 

vary with gender. If girls are more advanced in terms of executive function then we might 

expect them to show better performance on accuracy compare to boys on the task. 

 

Methods 

1. Participants 

Thirty-seven 4-year-old children living in the Gyeonggi-do area in South Korea 

participated in this study. Data from one child was excluded because she had differences higher 

than three SD in average reaction time compared to the average reaction time for the group. 

This resulted in 36 children (M = 46.69 months, SD = 1.93 months, range = 45 to 51 months). 

Fourteen boys and 22 girls completed the study. Nap status was defined by the frequency of 

napping in a week. Children who napped four or more times a week were considered as 

habitual-nappers. There were 18 habitual nappers and 18 non-habitual nappers in our study. 

Age did not vary according to Nap status. The average age of habitual nappers (M = 47.44 

months, SD = 2.06) did not differ significantly from the non-habitual nappers (M = 47.94 

months, SD = 1.80); t(34)=.775, p=.444. There were 7 boys and 11 girls in each group. The 

average age for habitual napper boys is 47.57 months (SD=1.90), and habitual napper girls is 

47.36 months (SD=2.25); t(16)=.410, p= .842. The average age for non-habitual napper boys 

is 47.71 months (SD=1.70) and non-habitual napper girls is 48.09 months (SD=1.92); t(16)= 
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-.423, p= .678.  

Participants were drawn from three kindergartens and two daycare centers. 

Kindergarten and daycare administrators provided approval to perform the survey of their 

students prior to the study. The kindergarten and daycare centers distributed the documents 

explaining the study, the documents for parents’ informed consent, and the questionnaire sheets. 

The document provided an explanation of the study objectives and an outline of the tests to be 

performed. Parents who wanted to participate in the study sent back the survey and a completed 

informed consent form to enroll their children in the study. The parents completed a sleep diary 

to provide information about their child’s sleep.  

 

2. Procedure 

The teachers distributed the documents and the questionnaires to the children’s parents. 

All questionnaires were collected one week after distribution. After collecting the 

questionnaires, we conducted testing of executive function with the children. To avoid 

tiredness resulting from disrupting their regular nap schedule, children’s executive functions 

were tested in the morning. Each child completed the executive function tasks individually on 

a laptop in a quiet room that the kindergarten provided for the study. It took children 10 to 15 

minutes to complete the tasks. 

 

3. Measures 

1) Sleep and Nap 

Parents completed a sleep diary for their child on seven consecutive days in the week 

before the children participated in the executive function task. The sleep diary included 

questions about children’s nap frequency and schedule as well as their bedtime and wake-up 

times (See Appendix A). After the parents returned their questionnaire, the flanker task was 
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used to measure children’s executive functioning.  

 

2) Flanker Task 

The flanker task is a widely used method for measuring executive function both in 

children and adults. Our version of the task consisted of three phases: (a) a standard flanker 

phase, (b) a reverse flanker phase, and (c) a mixed phase. In the standard flanker condition, the 

participant should focus on the central stimulus and ignore the flanking stimuli on either side. 

Therefore, participants view stimuli presented one at a time to which they must make a simple 

response. These stimuli are surrounded by either distracting or facilitating items. For example, 

in this frame, as you can see in Fig 1, the middle fish is pointing left, so the correct response is 

to press the button denoting “” despite the direction the other fish are facing. This task 

requires children to remember the rule and regulate attention while inhibiting the distraction of 

the flanking fish which may or may not point in the same direction. 

Also, there is a reverse flanker condition where participants are to attend to the outside 

stimuli and ignore the central stimulus. On the middle picture of Fig 1, the outside fish are 

pointing right, so the correct response is to press the “” button. This task requires participants 

to remember the new rule and change from the strategy they used for the previous flanker task.  

The fish in the standard flanker phase were blue and in the reverse flanker phase were 

pink. Children are asked to feed the hungry fish. An experimenter explained that when the fish 

are blue, the hungry fish is in the middle and you can feed the middle fish by pressing a 

computer key in the direction the fish is facing. After children finished the first task, they then 

heard that when the fish are pink, the hungry fish are on the outside and they were to feed the 

outside fish by pressing a computer key in the direction the fish are facing. Successful responses 

resulted in a "Gee-ha" sound in an excited tone.  
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Color Task Example 

Standard 

flanker 

Phase 

 

 

Blue 

Attend to the 

CENTRAL stimulus 

and ignore the 

flanking stimuli on 

either side.  

 

 

Reverse 

flanker 

Phase 

 

 

Pink 

Attend to the 

OUTSIDE stimuli and 

ignore the central 

stimulus. 

 

 

Mixed 

Phase 

 

 

Blue and Pink 

Respond according to 

the rule indicated by 

the color of stimuli 

(Standard or Reverse 

flanker task).  

Figure 1. Details of three phases in the Flanker Task: a standard flanker phase, a reverse flanker 

phase, and a mixed phase. The circles in the figures are for demonstrating the rule children are 

to apply in different phases only. Children do not see the circles during testing. 

 

When children finished both conditions, they went on to the mixed-phase where trials 

alternated randomly between the standard and reverse flanker conditions. This condition 

requires children to recall the rules and apply them appropriately according to the color cue. In 

order to complete the trial successfully, children needed to recall the correct rule for the color, 

focus on the relevant stimuli (inside or outside), register which direction the relevant fish face, 

inhibit responses associated with flanking stimuli, then choose the correct response.  

Children’s answer and response times were measured to see how fast and accurate they were. 

The task contained 8 trials during each of the standard and reserve flanker phases and 32 trials 

during the mixed phase. Children have 4 practice trials of the standard flanker phase at the start 
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of the task to make sure they understand the task. The number of congruent trials (when the 

distracter stimuli is pointing to the same direction as the target stimuli) and incongruent ones 

(when the distracter stimuli is pointing to the opposite as the target stimuli) were the same (4 

each in the standard and reverse phases, and 16 each in the mixed phase). The incongruent 

trials required participants to inhibit the natural tendency to respond with the direction where 

the fish who were not hungry were pointing.  

 

Results 

Executive Functions 

 The dependent measures were participants’ scores for mean accuracy and the median 

reaction time in seconds in each phase. Accuracy was the percentage of correct responses 

calculated by dividing the number of correct responses by the total number of responses. 

Responses that were faster than 0.2 seconds were considered anticipatory responses that were 

too fast to be a response to the stimulus and thus were not included in the analyses (Davidson, 

Amso, Anderson, & Diamond, 2006). Individual reaction times greater than 3 SD above the 

mean (N = 1) were eliminated from the analyses (Mezzacappa, 2004).  

 

Reaction-time analyses 

The median reaction time was entered as the dependent measure in a mixed design 

analysis of variance. Congruency (Congruent, Incongruent) was entered as a within-subject 

variable, and Nap Status (Habitual, Non-habitual) and Gender (Boy, Girl) were entered as 

between-subject variables. Table 1 shows median RT as a function of congruency, nap status 

and gender for the Standard and Reverse Flanker Phases. 
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Table 1 

Descriptive Statistics (Means and SDs) for Reaction Time Measures on Executive Function 

Tasks by Phase 

Reaction Time 

( in sec) 

Habitual Napper Non-habitual Napper 

Boy 

 

Girl 

 

Boy 

 

Girl 

 

Standard 

Flanker 

Phase 

Congruent 4.12 

(3.35) 

7.44 

(8.32) 

2.76 

(1.06) 

2.94 

(1.50) 

Incongruent 3.46 

(2.68) 

9.61 

(8.55) 

3.31 

(1.52) 

3.57 

(2.39) 

Reverse 

Flanker 

Phase 

Congruent 2.24 

(1.06) 

3.82 

(2.15) 

2.40 

(0.88) 

2.11 

(0.57) 

Incongruent 2.44 

(1.34) 

5.14 

(4.84) 

2.21 

(1.53) 

3.10 

(1.73) 

 

Standard Flanker Phase: There was a two-way interaction of Congruency and Gender, 

F(1, 32) = 4.537, p = .041, partial η2 = .124, as well as a marginal three-way interaction of Nap 

status, Gender, and Congruency, F(1, 32) = 4.089, p = .052, partial η2 = .113. I further broke 

down the marginal interaction by gender because of my prediction that nap status and 

congruency should interact differently for boys and girls. A Nap status X Congruency ANOVA 

for girls revealed a significant effect of congruency. Girls were significantly slower on 

incongruent (I) than on congruent trials (C), MI=6.59, SDI=6.86, MC=5.19, SDC=6.27, F= (1, 

20) = 8.55, p = .008, partial η2 = .300. There was also a numerical difference in reaction time 

as a function of Nap Status that did not achieve significance, Mhabitual napper=8.52, SDhabitual 

napper=1.77, Mnon-habitual napper=3.25, SDnon-habitual napper=0.42,  F= (1, 20) = 4.201, p = 0.054, 

partial η2 = 0.174. There were no significant main effects or interactions for boys.  

Reverse Flanker phase: Analysis of the mixed design for the Reverse Flanker Phase 

resulted in no significant main effects or interactions.  

Mixed Phase: Table 2 shows median RT for the Mixed Phase as a function of 
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congruency, nap status and gender, broken down by performance in the Standard and Reverse 

Flanker Phases. I analyzed data from the Mixed Phase Condition using Phase (Standard Flanker, 

Reverse Flanker) and Congruency (Congruent, Incongruent) as within-subject variables, and 

Nap Status (Habitual, Non-habitual) and Gender (Boy, Girl) as between-subject variables. 

There was a main effect of Congruency, F(1, 32) = 8.11, p = .008, partial η2 = .202. Children 

were significantly slower on incongruent trials than congruent trials. There were no other main 

effects or interactions. 

 

Table 2 

Descriptive Statistics (Means and SDs) for Reaction Time Measures on Executive Function 

Tasks in the Mixed Phase. 

Reaction Time 

( in sec) 

Habitual Napper Non-habitual Napper  

MEAN Boy 

 

Girl 

 

Boy 

 

Girl 

 

Standard 

Flanker 

Phase 

Congruent 2.10 

(0.88) 

2.56 

(1.02) 

1.87 

(0.79) 

2.10 

(0.63) 

2.20 

(0.85) 

Incongruent 2.52 

(1.49) 

3.09 

(1.47) 

1.58 

(0.66) 

3.06 

(2.90) 

2.68 

(1.95) 

Reverse 

Flanker 

Phase 

Congruent 2.11 

(0.98) 

2.42 

(0.77) 

1.46 

(0.68) 

2.18 

(0.81) 

2.10 

(0.85) 

Incongruent 2.58 

(0.34) 

2.87 

(1.41) 

1.79 

(0.58) 

2.55 

(0.93) 

2.51 

(1.02) 

 

Accuracy Analyses 

Table 3 shows percentage correct as a function of congruency, nap status and gender 

for the Standard and Reverse Flanker Phases. The percentage of correct responses was entered 

as the dependent measure in a mixed design analysis of variance. As with the RT analyses, 

Congruency (Congruent, Incongruent) was entered as a within-subject variable, and Nap Status 

(Habitual, Non-habitual) and Gender (Boy, Girl) were entered as between-subject variables.  
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Table 3 

Descriptive Statistics (Means and SDs) for Accuracy Measures on Executive Function Tasks 

by Phase. 

Accuracy 

( in %) 

Habitual Napper Non-habitual Napper  

MEAN Boy 

 

Girl 

 

Boy 

 

Girl 

 

Standard 

Flanker 

Phase 

Congruent 85.71 

(13.36) 

81.82 

(31.80) 

82.14 

(23.78) 

79.55 

(18.77) 

81.94 

(22.84) 

Incongruent 85.71 

(24.40) 

66.67 

(31.18) 

67.86 

(23.78) 

68.94 

(30.75) 

71.30 

(28.27) 

Reverse 

Flanker 

Phase 

Congruent 92.86 

(12.20) 

81.82 

(31.80) 

89.29 

(19.67) 

90.91 

(16.86) 

88.19 

(21.95) 

Incongruent 75.00 

(25.00) 

84.09 

(30.15) 

53.57 

(17.25) 

61.36 

(35.99) 

69.44 

(30.54) 

 

Standard Flanker Phase: Analysis of the mixed design for the Standard Flanker Phase 

showed no significant main effects or interactions.   

Reverse Flanker Phase: There was a main effect of Congruency, F (1, 32) = 22.587, p 

= .000, partial η2 = .414, as well as a Congruency by Nap status interaction, F (1, 32) = 8.528, 

p = .006, partial η2 = .210. Independent t-tests showed no difference between habitual nappers 

and non-habitual nappers on congruent trials, t(34)=0.564, p=0.576 but higher accuracy on 

incongruent trials for habitual nappers compared to non-habitual nappers, t(34)= 2.315, 

p=0.027, a comparison that just failed to achieve significance on a Bonferroni test controlling 

for family-was error rate (α=.05/2=.025) (see Figure 2).  
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Figure 2. Accuracy on Reverse Flanker Phase between nappers and non-nappers. 

 

Mixed Flanker Phase: Table 4 shows percentage correct for the Mixed Phase as a 

function of congruency, nap status and gender, broken down by performance in the Standard 

and Reverse Flanker Phases. I analyzed data from the Mixed Phase Condition according to task 

using Phase (Standard Flanker, Reverse Flanker) and Congruency (Congruent, Incongruent) as 

within-subject variables, and Nap Status (Habitual, Non-habitual) and Gender (Boy, Girl) as 

between-subject variables. There were significant main effects of Nap Status, F= (1, 32) = 

4.956, p = .033, partial η2 = .134, Phase, F(1, 32) = 16.584, p = .000, partial η2 = .341, and 

Congruency, F(1, 32) = 24.35, p = .000, partial η2 = .432, and significant interactions of Phase 

by Gender, F(1, 32) = 5.11, p = .031, partial η2 = .138 and Phase by Congruency, F(1, 32) = 

23.109, p = .000, partial η2 = .419. There was also a 4-way interaction of Phase, Congruency, 

Gender and Nap, F(1, 32) = 4.367, p = .045, partial η2 = .120. In order to understand the 4-way 

interaction I separated the Standard flanker and Reverse flanker trials in the Mixed Phase into 

two separate anovas according to task with Congruency as a within-subject variable and Nap 

Status and Gender as between subject variables.  
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Table 4 

Descriptive Statistics (Means and SDs) for Accuracy Measures on Executive Function Tasks in 

the Mixed Phase. 

Accuracy 

( in %) 

Habitual Napper Non-habitual Napper  

MEAN Boy 

 

Girl 

 

Boy 

 

Girl 

 

Standard 

Flanker 

Phase 

Congruent 87.50 

(22.82) 

83.77 

(16.14) 

73.21 

(19.67) 

67.15 

(32.21) 

77.36 

(24.41) 

Incongruent 49.23 

(26.66) 

28.25 

(30.83) 

44.90 

(23.38) 

37.34 

(24.16) 

38.34 

(26.81) 

Reverse 

Flanker 

Phase 

Congruent 88.78 

(15.80) 

72.35 

(28.40) 

62.50 

(10.21) 

79.32 

(18.17) 

75.76 

(21.50) 

Incongruent 68.45 

(18.77) 

85.88 

(17.10) 

60.97 

(18.31) 

69.32 

(15.27) 

72.59 

(18.90) 

 

For the analysis of Standard Flanker trials in the Mixed Phase, there was a main effect 

of Congruency, F= (1, 32) = 27.613, p = .000, partial η2 = .463; Children were significantly 

more accurate on congruent than incongruent trials, MC=77.36, SDC=24.41, MI=38.34, 

SDI=26.81. Furthermore, on incongruent trials, children did not pass the chance performance 

level of 50% accuracy. 

For the analysis of Reverse Flanker trials in the Mixed Phase, there was a two-way 

interaction of Congruency and Gender, F= (1, 32) = 4.429, p = .043, partial η2 = .122, as well 

as a three-way interaction of Congruency, Gender, and Nap status, F= (1, 32) = 12.312, p 

= .001, partial η2 = .278. I further examined the 3-way interaction by conducting separate 

analyses by gender treating Congruency as a within-subjects variable and Nap Status as a 

between-subjects variable. The analysis for boys showed a main effect of Nap Status, F= (1, 

12) = 5.717, p = .034, partial η2 = .323, indicating that habitual napper boys were more 

accurate than non-habitual napper boys, Mnapper=78.61, SDnapper=19.72, Mnon-napper=61.74, 

SDnon-napper=14.26. There was also a main effect of Congruency, F= (1, 12) = 4.868, p = .048, 
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partial η2 = .289, indicating greater accuracy on congruent than on incongruent trials, 

MC=75.64, SDC=18.68, MI=64.71, SDI=18.23. There was no interaction of Nap Status and 

Congruency, F ≤ 1. The analysis for girls resulted in an interaction of Congruency and Nap 

status, F= (1, 20) = 10.435, p = .004; partial η2 = .343. Independent t-tests showed no 

difference on congruent trials, t(20)= .686, p=.501 for habitual and nonhabitual napper girls, 

but habitual napper girls were more accurate than non-habitual napper girls on incongruent 

trials, t(20)= 2.395, p=.027, a comparison that just failed to achieve significance in a 

Bonferroni control for family-wise error rate (α=.05/2=.025) (see Figure 2).  

 

 

Figure 3. Accuracy on Reverse Flanker trials in the Mixed Phase for Boys. 
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Figure 4. Accuracy on Reverse Flanker trials in the Mixed Phase for Girls 

 

Sleep Duration 

 Parents provided a report of children’s night time sleep duration based on the sleep 

diaries they filled out (see Appendix A). A two-way ANOVA examined the effect of gender 

and nap status on nighttime sleep duration with Nighttime sleep duration entered as the 

dependent measure and Nap Status (Habitual, Non-habitual) and Gender (Boy, Girl) as 

between-subject variables. There was a statistically significant interaction of Gender and Nap 

Status, F= (1, 28) = 8.209, p = .008, partial η2 = .227. Independent t-tests showed that girls 

did not differ in night time sleep duration as a function of nap status, t(17)=0.249, p=0.807, d 

= 0.121. However, habitual napper boys exhibited significantly less nighttime sleep than non-

habitual napper boys, t(11)=2.231, p=0.047, d = 1.345, a difference that failed to survive a 

Bonferroni correction for family-wise error rate (α=.05/2=.025). (see Figure 5). 

 

0

10

20

30

40

50

60

70

80

90

100

Congruent Incongruent

M
e
a
n
 A

cc
u
ra

cy
 (
in

 p
e
rc

e
n
ta

g
e
)

Congruency

napper

non-napper*  



24 

 

 
Figure 5. Gender differences on nighttime sleep. The minimum starts at 8 hours = 480 minutes 
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In this study, we tested whether non-habitual nappers would show better executive 

function than habitual nappers, and whether executive function and nap status vary with gender. 

To examine these questions, we used the Fish Flanker Task with four-year olds to test their 

executive function. The Fish Flanker Task has three different phases that allow us to measure 

working memory, inhibitory control and cognitive flexibility components of executive 

functions. The standard flanker task mainly taps working memory and inhibitory control, the 

reverse flanker task measures cognitive flexibility by requiring children to reverse the standard 

rule, and the mixed flanker task puts a heavy demand on all three components of executive 

functions by requiring children to switch between the standard and reverse rules. 

The reaction time analyses showed that in the standard flanker phase, arguably the 

warm-up phase, girls are significantly slower on incongruent than on congruent trials, however, 

this disappeared in the reverse and mixed flanker phases. This suggests that girls take longer 
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that these initial differences in speed of performance were temporary. Although congruency 

effects did not appear in the first two phases, they emerged regardless of nap status or gender 

in the mixed phase. 

Although accuracy did not vary by gender or nap status in the standard task, nap status 

did factor into children's accuracy in the reverse flanker task. Habitual nappers were more 

accurate on incongruent trials than non-habitual nappers in the reverse flanker phase indicating 

that they were better at switching to the new rule they learned. Although this difference barely 

missed significance on a Bonferroni correction for family-wise error rate, this advantage 

replicated in the reverse task in the mixed phase.  

In the reverse task in the mixed phase, habitual napper girls showed an advantage in 

accuracy on incongruent trials and habitually napping boys were more accurate overall than 

non-habitually napping boys. We looked at nighttime sleep and found that habitual napper boys 

exhibited significantly less nighttime sleep than non-habitual napper boys a typical pattern in 

the literature (Acebo et al., 2005), but one that did not survive controls for family-wise error 

rate. The null finding that girls did not differ in nighttime sleep duration as a function of nap 

status contrasted with Lam et al., (2011, 2015) who showed an advantage in executive function 

for children with shorter nap times and longer nighttime sleep. Given that duration of nighttime 

sleep was no different for habitual and non-habitual nappers, the only difference between 

groups was the nap. These results support the idea that children may still receive a cognitive 

benefit from habitual naps at 4 years of age.   

Another interesting finding is that even though the experimenter reminded children 

about the standard and reverse flanker trials before starting the mixed flanker phase children 

failed to pass the chance performance level of 50% accuracy for incongruent trials of standard 

flanker in the mixed flanker phase. Children may have given up shifting back and forth between 

two flankers and were guessing or focusing on reverse-flanker trials, which they recently 
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completed.  

The present study is somewhat limited in generalizability in that the sample size was 

small. However, the findings were stable. We replicated the main finding of greater accuracy 

for habitual nappers over non-habitual nappers on incongruent trials in the reverse and mixed-

reverse phases of the study. Although this is the first study to look at gender differences in 

habitually and nonhabitually napping, future studies should consider gender differences on 

sleep duration when looking at sleep data to confirm different possibilities and also should look 

at whether the results will replicate with a different sample. It would also be informative to 

replicate this study in the US to determine whether the gender differences in nap status and 

executive function are tied in some way to culture. Studies have shown children from Asian 

and Caucasian countries have different sleep patterns (Mindell, Sadeh, Wiegand, How & Goh, 

2010; Liu, Liu, Owens & Kaplan, 2005). Preschoolers from Asian countries also show better 

executive function than from Western countries (Lewis et al., 2009; Sabbagh, Xu, Carlson, 

Moses, & Lee, 2006). This pattern continues through the school years and adolescence 

(Ellefson, Ng, Wang & Hughes, 2017), with differences disappearing in adulthood. Looking at 

sleep might be important for better understanding the role of cultural differences in the 

development of executive function.   
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Appendix A.                                            Child Sleep Diary 

This sleep diary is designed to monitor how long and how much your child sleeps.  

Please answer the following questions carefully.  

For complete accuracy, please fill out this diary every day.  

Child’s usual bed time:  

Child’s usual wake time:  

How long does your child sleep per day?  

                (Nighttime)                   (Daytime)  

Does your child take naps frequently?  YES / NO 

How many days a week does your child nap? 

Approximately   Per Week 

How many naps does your child usually take each day?  

Approximately   Per Day 

What time does your child go down for a nap?              

What time does your child wake up from a nap? _______    

 

 Day 1 Day 2 Day 3 

33412

4313 

Day 4 Day 5 Day 6 Day 7 

Bed time        

Wake up time        

Nap start time               

Nap wake up time               

Comments 

 

 

 

 

 

      

Example Day 1  Day 2 Day 3 ∙∙∙∙∙∙ 

Bed time 20:30 20:00 22:00 ∙∙∙∙∙∙ 

Wake up 

time 

07:00 07:30 06:00 ∙∙∙∙∙∙ 

Nap start time 14:00    3:00 19:20 ∙∙∙∙∙∙ 

Nap wake up 
time 16:30    3:30 19:50 ∙∙∙∙∙∙ 

Comments  Slept over at a 
friend’s 
placdhouho
use 

napped 
twice ∙∙∙∙∙∙ 
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