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Abstract 

 Recently, adolescent sleep research has produced conflicting results about the 
effect of sleep on cognition in this age group. Some have proposed that adolescents 
possess a mechanism for cognitive resiliency that allows their cognitive performance to 
remain stable despite restricted sleep. Others maintain that the conflicting outcomes stem 
from the sleep/wake parameters traditionally used in sleep research that are rarely 
adjusted to allow for natural adolescent sleep rhythms, which may be masking the true 
effect of inadequate sleep on adolescent cognitive functioning. This study aims to 
elucidate these two theories by comparing both sleep time and sleep rhythm alignment 
with cognitive functioning. We tracked 16 adolescents’ sleep for one week and 
determined their sleep time and whether they were sleeping in alignment with their 
natural sleep rhythms. Both of these variables were then compared to subjects’ 
performance on an n-back task of working memory on Monday morning. The results 
showed that neither sleep amount nor natural sleep rhythm alignment were able to predict 
any measure of the working memory test. These results support the theory of a cognitive 
resiliency mechanism in adolescents, and do not support sleep rhythm misalignment as a 
significant confounding variable in previous adolescent sleep studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Effects of Total Sleep Time and Sleep Schedule Alignment on Cognitive Functioning in 

Adolescents 

 In recent years, research has begun to illuminate the mechanisms that allow for 

sleep. One accepted mechanism of sleep onset is the release of melatonin, a sleepiness-

inducing hormone excreted by the pineal gland in dim light conditions (otherwise known 

as dim light melatonin onset or DLMO) (Crowley, Acebo, Fallone & Carskadon, 2006). 

Under typical circumstances, DLMO usually occurs around two hours before bedtime 

and fourteen hours after morning awakening (Burgess et al., 2003). Interestingly 

however, adolescents instead exhibit what is called Adolescent Phase Delay, wherein 

DLMO occurs later than it does for adults (Crowley, Acebo, & Carskadon, 2007). The 

mechanism for this different DLMO response is still unclear, but changes in circadian 

hormone rhythms, light responsiveness, and homeostatic regulation of sleep have been 

hypothesized (Cowley, Acebo, & Carskadon, 2007). Further compounding adolescents’ 

delayed sleep is a slower accumulation of the need for sleep (Taylor, Jenni, Achermann, 

& Carskadon, 2005). This appears to be brought on by the large amounts of synaptic 

pruning during this growth period. Decrease in Delta EEG power, a marker of sleep need, 

marks this brain reorganization (Feinberg & Campbell, 2010).  Therefore, not only are 

adolescents naturally falling asleep later in the night due to a delay in their circadian 

phase, but they also have longer periods of wake time before they feel the desire to sleep.  

However, it is not just developmental factors that contribute to changes in sleep 

schedule. Adolescents today engage in many behaviors that conflict with bed times. 

These include spending, on average, 7.5 hours a day using electronic devices according to 

a study published by the Kaiser Family Foundation in 2010, as well as large amounts of 



after school homework and extracurricular activities. Not only are electronic devices and 

out of school activities replacing sleep, when electronics are used close to bedtime they 

increase arousal and suppress melatonin release with their bright light (Wood, Rea, 

Plitnick & Figueiro, 2013). When the factors delaying sleep are combined with the early 

start times of high school, the result is that adolescents obtain very little sleep during the 

school week. In fact, while the generally accepted optimal sleep amount for adolescents 

is 8.5 to 9.25 hours per night (Anders, Carkskadon & Dement, 1980), most are only 

receiving 7-7.75 hours on school nights (Wolfson & Carskadon, 1998). 

 Results of adult sleep studies show that sleep deprivation leads to a decline in 

cognitive functioning in adults. In a study conducted by Nebes, Buysse, Halligan, Houck, 

and Monk in 2009, older adults, ages 65-80, voluntarily reported their sleep quality and 

were divided into “good” and “poor” sleepers. The participants were tested for working 

memory by an n-back task and a Letter Number Sequencing test, assessed for attention 

shifting ability through the use of the Trail Making Test, and abstract reasoning by the 

Test of Nonverbal Intelligence. Poor sleepers performed worse on all of these measures. 

Sufficient high quality sleep appears to facilitate peak cognitive performance in older 

adults. 

Adolescent research currently lags behind where adult research stands, as the 

relationship between sleep and cognition has not been so clearly determined in this 

younger population. For instance, some studies have observed similar levels of cognitive 

functioning regardless of amount of sleep. In a study conducted by Kopasz et al., 

declarative memory consolidation levels between groups were similar after adolescents 

either experienced one night of sleep restriction or normal sleep (2010). Also, a 2011 



study by Voderholzer et al. reported that adolescent declarative and procedural memory 

recall after four days of sleep restriction did not differ significantly from recall observed 

after adequate sleep. These studies show support for the idea that adolescent cognitive 

performance does not depend on sleep time. However, in contrast to the above findings, a 

study conducted by Beebe et al. in 2008 found cognitive deficits as a function of 

inadequate sleep similar to what has been observed in adults. Parents of adolescents were 

asked to track their children’s cognition during a week of extended sleep and a week of 

restricted sleep. The parents reported a large increase in problems with their adolescents’ 

cognitive functioning, attention span, and sleepiness during the sleep-restricted week as 

compared to the extended week. Furthermore, the adolescents were asked to assess their 

own cognition during these weeks. These reports mirrored those of the parents (Beebe et 

al., 2008). This relationship has been reported numerous other times in the adolescent 

sleep literature. The negative impact of restricted sleep cognition was observed in a study 

conducted in 2008 by Gradisar, Terrill, Johnston and Douglas that looked at working 

memory performance in insufficient (less than 8 hours) versus sufficient (greater than 8 

hours) adolescent sleepers. They reported that those who obtained insufficient sleep 

performed worse on two measures of working memory than those who obtained 

sufficient sleep. When looking at 10-to 14-year-olds after being acutely sleep-restricted 

(only 5 hours in bed), Randazzo, Muebleach, Schweitzer and Walsh observed a reduction 

in higher-level cognitive abilities (1998). Similarly, Steenari et al., reported decreasing 

performance on the n-back working memory task by 6-to 13-year-olds as their reported 

sleep efficiency lowered and latency increased (2003). These studies suggest that the link 

seen between adult sleep time and cognitive performance is also present in adolescents.  



Why are researchers obtaining such contrasting results? One possible cause is 

cognitive resiliency in the face of sleep loss (Beebe et al., 2009): Adolescents posses a 

mechanism that promotes cognitive functioning under circumstances of insufficient sleep. 

In the aforementioned study, subjects were either allowed a “healthy” amount of sleep 

(10hrs/night) or were sleep restricted (6.5hrs/night) for a week. All subjects were then 

asked to perform a working memory task while their brains were scanned with a 

functional magnetic resonance imaging machine (fMRI), in which brain activity is 

detected by changes in blood flow to different parts of the brain. The fMRI images 

revealed that those who were sleep restricted exhibited an increase in activation in brain 

areas associated with working memory cognition, and a greater suppression of brain areas 

that would negatively affect the task completion as compared to those adolescents 

allowed healthy sleep time (Beebe et al., 2009). These findings suggest that adolescents 

may posses a cognitive mechanism that allows them to cognitively compensate in the 

face of inadequate sleep. 

 Another possibility is that the methods used to study sleep patterns have not yet 

been adapted to work specifically with adolescents. Past researchers have not always 

accounted for Adolescent Phase Delay or weekend oversleep when deciding the 

sleep/wake parameters for their studies (Bryant & Gomez, 2015). There has also been a 

history of looking at too wide of an adolescent age range despite the massive hormonal 

and developmental changes occurring in these crucial years (Bryant & Gomez, 2015). In 

addition, one factor consistently ignored in studies of adolescent sleep and cognition is 

circadian misalignment. The aforementioned biological and social factors influencing 

phase delay in adolescents contribute to the tendency of this population to oversleep on 



weekends to compensate for sleep lost during the school week. This leaves many 

adolescents socially jet lagged, wherein their actual sleep schedule is misaligned to when 

they are experiencing sleepiness (Wittmann et al., 2006). Sleeping incongruent with one’s 

natural sleep rhythm, called chronotype, has been associated with worse cognitive 

functioning in adults. In a review by Czeisler and Gooley, the results of five different 

studies, some looking at misalignment and driving, others fatigue, were combined, and 

the authors concluded that one’s ability to drive was so impaired by cognitive 

misalignment that is was comparable to driving with a BAC level of 0.10% (Czeisler & 

Gooley, 2007). A study, conducted by Santhi, Horowitz, Duffy, and Czeisler, followed 

shift workers with a protocol that simulated their working conditions, four day shifts 

proceeded by three night shifts. Looking specifically at the first night shift, the researches 

noted marked a decrease in selective attention (measured by a visual search task), 

alertness (measured with a visual analog scale), and vigilance (measured with the 

Psychomotor Vigilance Task). These effects persisted for the remaining nights but were 

found to be the most pronounced on that first transition night (Santhi, Horowitz, Duffy & 

Czeisler, 2007). 

Whereas the work showing this relationship is sparser in adolescent subjects, the 

current findings indicate a positive relationship between circadian alignment and 

functioning overall (Owen, Belon & Moss, 2010; Hasler, Soehner & Clark, 2014). Owen, 

Belon and Moss in 2010 followed a school in which start times were delayed to allow 

adolescents to sleep in congruence with Adolescent Phase Delay. These students 

exhibited increases in alertness as well as improvements in their mood and health. There 

has also been a reported link between circadian misalignment and reduced behavior 



regulation in adolescents (Hasler, Soehner & Clark, 2014). In their 2014 review article, 

Hasler, Soehner & Clark integrated multiple studies to propose that one of the 

mechanisms for alcohol and drug use in teens is the increased risk taking behavior 

brought on by less control over behavior regulation. This disregulation, they claim, is 

caused by the mismatch between adolescent chronotypes and school start times. 

Discerning the separate effect of chronotype misalignment on adolescent cognition is 

imperative in detecting if adolescents are actually cognitive resilient in the face of sleep 

loss.  

Research Question and Hypothesis 

 The purpose of the current study is to determine whether the inconsistent results 

in adolescent sleep and cognition literature can be explained by a theory of cognitive 

resiliency in adolescence, and/or a failure to control for misalignment between sleep 

schedule and adolescent chronotype. Cognitive functioning was examined using a 

working memory measure called the n-back task. In the n-back each set of the task 

increases the cognitive load adolescents must maintain accessible in their memory. Sleep 

amount was measured through the use of a sleep diary and actiwatch, a device that tracks 

body movements to gauge rest and wake states. These measures were also used in 

conjunction with participant responses to the Horne-Östberg Morningness-Eveningness 

Questionnaire (MEQ) (Horne & Östberg, 1976) to determine to the chronotype 

alignment. Chronotype alignment was measured as the difference between actual sleep 

schedule (as seen with the actiwatch and sleep diary), and “ideal” sleep schedule as 

determined by the MEQ. 



This study aims to parse out the separate relationships between sleep time & 

working memory and chronotype alignment & working memory. We hypothesize that, 

because of the theorized cognitive resiliency mechanism, adolescents will show no 

significant relationship between total sleep time and any measures of n-back 

performance. It is also suspected that circadian misalignment has been responsible for the 

mixed results seen in previous studies. As such, it is expected that as the amount of 

circadian misalignment increases, the mean reaction times and false alarm rates for the n-

back will increase, while the hit rate will decrease. 

Methods 

Participants 

 This research was part of a larger study that included 17 participants (6 female), 

from the surrounding Tucson area. Subjects were mainly recruited through posted flyers 

in the Tucson Unified School District and ads on social networking sites. One male was 

excluded from the current analysis because of failure to complete the Morningness-

Eveningness Questionnaire resulting in N=16. Informed consent was obtained from the 

parents, as well as assent from the adolescents. A financial reimbursement was given at 

the end of the study for the subjects’ time and participation. 

Stimuli and Measures 

 The current study aims to determine the extent to which both sleep amount and 

chronotype misalignment contribute to daytime cognitive performance. Sleep amount 

was defined as total sleep time received the night preceding Monday morning. This was 

determined through the use of both an actiwatch and sleep diary. An actiwatch is a 

motion-sensitive instrument worn on the non-dominant wrist at all times, on which 



subjects were trained to press a button twice before they fall asleep and twice when they 

awaken in order to confirm their sleep periods. The sleep diary (example questions seen 

in Appendix B) is a 10-question log that is completed in the morning in order to obtain 

accurate recall of bed- and wake times. Total sleep time was taken from these measures 

in minutes. Chronotype misalignment was defined by the difference in ideal and actual 

mid-sleep times the night before Monday morning. This was determined using the 

Morningness-Eveningness Questionaire, as well as the actiwatch and sleep diary data. 

The Morningness-Eveningness Questionnaire (MEQ) (examples seen in Appendix A) is a 

19-question measure that assesses time-of –day preference for sleep, or chronotype 

(Horne & Ostber, 1975).  Generally, morning chronotypes feel more alert in the mornings 

and can wake early with ease, and evening chronotypes prefer nighttime activities and to 

stay up late. The measures of actual sleep schedule (actiwatch and sleep diary) were 

compared to the participant’s “ideal” sleep schedule (MEQ) to allow misalignment to be 

a continuous variable measured in minutes. 

 Working memory was measured using the n-back task. This task introduces 

varying levels of cognitive load while requiring participants to keep information in mind 

for a period of time. It consists of different letters being presented to the participant on 

the screen one at a time, to which, depending on the test type (either 1-back, 2-back, or 3-

back), the participant will be prompted to press a key whenever they see a repeated letter 

the designated number of letters before. For example, if participants were presented the 

series E B A C C A in a 3-back task they would press the designated key when they saw 

the second A, as it occurred 3 letters prior in the set. We assessed three different 

parameters, mean reaction time, hit rate and false alarm rate, for all n-back levels. Mean 



reaction time was defined as the average time between the presentation of the repeated 

letter and the pressing of the designated key. Hit rate is calculated by dividing the number 

of hits by hits plus false alarms (H/(H+FA). False alarm rate was calculated as the 

reciprocal of misses plus correct rejections multiplied times two (1/((M+CR)x2)). Thus, 

smaller reaction times and false alarm rates, and larger hit rates indicate better working 

memory functioning. 

 While data on sleep and working memory were collected for a week, we only 

assessed the total sleep time, chronotype alignment, and n-back scores from Sunday to 

Monday night and Monday morning. We determined this day to be the most indicative 

because it is the first day of the week that adolescents are forced to sleep misaligned with 

their chronotype. In addition, this day was ideal as it occurred in the beginning of the 

week, which eliminated possible practice effects that could be seen later in the week as 

the participants grew accustomed to the n-back structure.  

Study Design and Procedures 

 Recruits underwent an initial screening process, which eliminated potential 

subjects based on alcohol, drug, and certain medication usage, as these can interfere with 

both sleep and memory measures. Participants were visited at their homes about an hour 

before their expected bedtime, at which point adolescents and their parents were 

consented and data collection began. The adolescent participants were then asked to 

complete the MEQ. The participants were then instructed on the actiwatch procedures 

and how to fill out their sleep diary. After this initial portion of the study, the researchers 

left and the participants were allowed to go to bed. 



 The next day, the researches returned to the participants’ homes at the expected 

wake time. The researchers would then instruct the participant on how to take an online 

n-back test. This test was taken every morning during the eight-day study. The 

researchers returned once again during the week to make sure that the sleep diary was 

being filled out properly. 

 The researchers returned after one week in order to collect the sleep diary and 

actiwatch and debrief the participant. The participant was given information on why this 

study was being done and the significance, and how to contact the IRB and the Primary 

Investigator for the study. They were reimbursed $50 for their time.  

Data Analytic Strategy 

 This study aimed to examine the effects of total sleep time and chronotype 

misalignment on working memory performance. This was done by treating total sleep 

time and chronotype alignment as continuous predictor variables, 2-back and 3-back 

mean reaction time, hit rate, and false alarm rate as the outcome variables in multiple 

regression analysis. For 1-back measures, bimodal distributions rendered regressional 

analysis impossible, so one-tailed t-tests were performed instead. 

 In an effort to avoid creating artificial groupings, chronotype alignment was 

made a continuous variable. The mid-sleep of participants’ Sunday-Monday sleep was 

compared to their ideal mid-sleep time as determined from their MEQ score. The MEQ 

score sheet includes suggested sleep and wake times for participants scoring between 

certain ranges (Figure 1). For each range, the earliest and latest suggested sleep and wake 

times were used to determine the earliest and latest suggested mid-sleep times for that 

range. The latest mid-sleep time was assigned to the lowest score in that range, and the 



earliest mid-sleep time was assigned to the highest score for that range. The rest of the 

suggested mid-sleep times were assigned by dividing the ranges into equal amounts of 

time depending on the number of scores in a range. For example, the earliest 

recommended sleep onset time of the Definite Evening Group (scores 16-30, lower 

scores indicating more evening preference) is 2:00am. The earliest recommended wake-

up time is 10:00am, making the mid-sleep time for this recommended sleep schedule 

6:00am. This mid-sleep was assigned to score 30. The latest recommended sleep onset 

time was 3:00am, and the wake- up time 11:30am, making 7:15am the recommended 

mid-sleep time for those scoring 16. The time in between 6:00am and 7:15 am was 

divided among the remaining scores in equal increments. Performing this procedure for 

all five score ranges resulted in the table seen in Figure 2. This calculated “ideal” mid-

sleep time was subtracted from the participant’s actual mid-sleep time. The resulting 

number indicated how much participants were misaligned to their chronotype in minutes. 

Thus, larger numbers correspond to greater misalignment, with positive numbers 

indicating phase advance and negative numbers indicating phase delay. Phase advance 

occurs when one’s sleep schedule is earlier than their “ideal” schedule, phase delay 

indicates sleeping and waking later than the “ideal” schedule. 

[Insert Figure 1 and Figure 2 about here] 

 The outcome variable of n-back scores was reported on all three levels of the n-

back for Mean Reaction Time (MeanRT), False Alarm Rate (FAR), and Hit Rate (HR). 

Originally, it was planned that regression would be used to look at the relationships 

between total sleep time and chronotype alignment on working memory. But 1-back 

MeanRT, 1-back FAR, and 1-back 1-BACK HR did not exhibit a normal distribution. All 



three of these variables were distributed bimodally, allowing for the use of a one-tailed t-

test to be performed to see if the high and low mean reaction times, false alarm rates, and 

hit rates exhibited different amounts of average total sleep time and chronotype 

alignment. For the rest of the levels, multiple regression was used with total sleep time 

and chronotype alignment as the two predictor variables, and MeanRT, FAR, and HR as 

separate outcome variables. 2-back MeanRT, 3-back FAR, and 3-back HR had to be 

transformed to fit a normal distribution. 2-back MeanRT and 3-back FAR were log 

transformed, while 3-back HR was squared.  

Results 

For the 1-back, Hit Rate (HR), False Alarm Rate (FAR), and Mean Reaction Time 

(MeanRT) all displayed obvious bimodal distributions. Thus, they had to be compared 

with total sleep time and chronotype alignment separately through the use of one tailed t-

tests with the high and low scores in each category. For 1-back MeanRT, those with 

faster mean reaction times (M = 423.06, SD = 155.86) did not show significantly 

different total sleep times (TST) than those with slower mean reaction times (M = 422.50, 

SD = 112.20); t(12.72) = 0.01, p = 0.99. Those with faster mean reaction times (M = 

78.625, SD = 85.02) did not exhibit significantly different chronotype alignment than 

those with slower mean reaction times (M = 81.87, SD = 80.07); t(13.95) = -0.08,  p = 

0.94. Regarding 1-back HR, those with a lower hit rate (M = 408.31, SD = 131.71) did 

not display significantly different TST than those with higher hit rates (M = 437.25, SD = 

138.71); t(13.96) = -0.43, p = 0.77. There was also no significant difference in alignment 

between those with lower hit rates (M = 79.63. SD = 75.04) and those with higher rates 

(M = 80.88, SD = 89.52); t(13.586) = -0.03, p = 0.98. Lastly, looking at 1-back FAR, 



there was no significant difference between low false alarm rates (M = 383.25, SD = 

132.66) and high false alarm rates (M = 463.31, SD = 124.62) in terms of TST; t(13.94) = 

-1.2597, p = 0.2285. There was no significant difference in chronotype alignment for 

those with lower false alarm rates (M = 72.88, SD = 77.22) and higher false alarm rate 

(M = 87.63, SD = 86.94) as well; t(12.82) = -0.36, p = 0.73. 

 Analyses of 2- and 3-back scores as predicted by total sleep time and chronotype 

alignment were performed using linear regression. The 2-back MeanRTs (scatter plot 

seen in Figure 3) were logarithmically adjusted to account for skewed data. Neither TST 

(β = 0.32, p = 0.35), nor chronotype alignment (β = 0.30, p = 0.39) significantly predicted 

mean 2-back MeanRT, R2 = 0.08, F(2,13) = 0.55, p = 0.59. 2-back HR (scatter plot seen 

in Figure 4) was also not significantly predicted by TST (β = 0.16, p = 0.69) or 

chronotype alignment (β = 0.07, p = 0.83), R2 = 0.02, F(1,14) = 0.11, p = 0.90. This 

pattern held for 2-back FAR (scatter plot seen in Figure 5) as well, as it was not 

significantly predicted by TST (β = -0.28, p = 0.24) or chronotype alignment (β = -0.53, 

p = 0.11), R2 = 0.19, F(1,14)=1.52, p = 0.26. 

[Insert Figure 3, Figure 4, and Figure 5 about here] 

 For the 3-back, FA was logarithmically adjusted, and HR was adjusted by 

squaring in order to correct for skewed distribution. 3-back MeanRT (scatter plot seen in 

Figure 6) was not significantly predicted by chronotype alignment (β = 0.09, p = 0.78), 

nor TST (β = 0.05, p = 0.88), R2 = 0.01, F(1,14) = 0.04, p = -.96). 3-back HR (scatter plot 

seen in Figure 7) was also not significantly predicted by either TST (β = -0.20, p = 0.54) 

or chronotype alignment (β = 0.16, p = 0.64), R2 = 0.11, F(2,13) = 0.76, p = 0.49. Lastly, 

neither TST (β = 0.09, p = 0.79) nor chronotype alignment (β = 0.13, p = 0.701) could 



significantly predict 3-back FAR (scatter plot seen in Figure 8), R2 = 0.01, F(1,14) = 

0.07, p = 0.93. 

[Insert Figure 6, Figure 7, and Figure 8 about here] 

Summary  

 Those with low mean reaction time, false alarm rate, and hit rate did not differ 

significantly in total sleep time or chronotype alignment compared to those with high 

mean reaction time, false alarm rate, and hit rate. Neither predictor variable (TST or 

chronotype alignment) could significantly predict mean reaction times, false alarm rates, 

and hit rates. 

Discussion 

Conclusions 

The present study showed neither total sleep time nor chronotype alignment 

having a significant effect on adolescent working memory. These results are in line with 

previous work that proposes a cognitive resiliency mechanism for this particular age 

group. They also suggest that chronotype misalignment was not a significant confounding 

variable in previous work with adolescent sleep. 

Possible Mechanism 

In previous studies that show support for cognitively resilient adolescents there 

are some consistencies in sleep parameters that suggest a possible mechanism for this 

phenomenon. In Kopasz et al. adolescents spent three nights in a sleep lab. The 

adolescents were in either the partial sleep curtailment condition, with night one 

consisting of 9 hours in bed, night two with 4 hrs in bed and a recovery night with 9 

hours in bed, or in the control condition with three nights of 9 hours in bed. The 



participants performed a declarative memory task the evening before the second night, 

and were tested again the morning after the recovery night. The researchers saw no 

significant difference between the acutely sleep deprived group and the control group in 

performance on the declarative memory task. The researches also reported that both 

groups showed quite similar absolute times of Slow Wave Sleep (SWS). This pattern was 

repeated in Volderholzer et al. 2011 when looking at longer-term sleep deprivation. They 

divided the adolescents into five groups, which were either allowed 5,6,7,8, or 9 hours of 

time in bed for four nights.  The participants completed a word pairing task and a mirror 

tracing task once before the four nights of controlled time in bed, once after the two 

recovery sleep nights, and once again 4 weeks later. For neither task was there a 

significant difference in memory consolidation across groups. They observed 

preservation of SWS absolute time in all groups in this study as well.  

The common denominator of SWS absolute time maintenance despite difference 

in total time asleep may be key in understanding the mechanism for the cognitive 

compensation seen in adolescents. As they progress throughout the lifespan, adults show 

a decrease in SWS absolute time and increased wake after sleep onset (WASO) time 

(Cajochen, Munch, Knoblauch, Blatter & Wirz-Justice, 2006). SWS is suggested to be 

crucial in declarative memory consolidation (Maquet, 2001), as well as in providing a 

respite for the prefrontal cortex (Muzur, Pace-Schott, Hobson, 2002), which is the 

important brain area in executive functioning. Much research has supported the role of 

slow-wave sleep in memory formation. A 2012 study by Alger, Lau and Fishbein 

reported that only naps that contained SWS protected memories from future interference. 

Another study by Vonelinas showed that SWS sleep (as opposed to REM sleep) was able 



to enhance recall of a word list (Vonelinas, 2001). While less extensive, support for the 

role of SWS in executive functioning had been seen. In a 2010 study by Benchenane et 

al., prefrontal cells that fired while rats were learning the rules of a maze were seen to fire 

again in SWS that night. If adolescents, compared to adults, are better able to maintain 

their crucial SWS time, this could explain why adolescents do not appear to be affected 

as adults are from sleep loss. 

Limitations 

 The study is limited in the sense that there was no manipulated variable being 

tested. This research is correlational and as such cannot show directionality or even the 

nature of the relationship between the variables (cause and effect, third variable, etc.).  It 

would be necessary to perform a similar study with an experimental design to show 

causality. 

 It is also important to take into the account the very small sample size of this 

study, 16 total participants. It is possible that an effect could be seen of either total sleep 

time or chronotype alignment on working memory performance if the effect size was 

large enough.  

 Lastly, when repeating a study similar to this in the future it would be pertinent to 

look at other tests of working memory. Ceiling effects were observed with this n-back 

task, so a more difficult test of working memory may be necessary to observe negative 

effects in adolescents. 

Future Directions 

 Even though this study does show support for an adolescent cognitive resiliency 

mechanism that does not mean that one should accept chronic sleep deprivation during 



this time period to be benign. Short-term compensation could possibly be leading to long-

term negative consequences that involve a reciprocal relationship between stress and 

sleep. The Hypothalamic-Pituitary-Adrenal (HPA) axis consists of the hypothalamus, 

which releases corticotropin releasing hormone (CRH), which stimulates the anterior 

pituitary gland to release adrenocorticotropic hormone (ACTH), which in turn stimulates 

the adrenal gland to release cortisol into the blood stream. In a healthy HPA axis, cortisol 

provides negative feedback to both the hypothalamus and the anterior pituitary. Cortisol 

is a stress hormone that redirects energy to wherever it is needed when the body senses it 

is under “attack.” This could be either a physical or mental challenge. Cortisol has a U-

shaped relationship with learning and memory, so too little and too much cortisol both 

inhibit cognitive processes (For a review of HPA axis and cortisol, see Lupien, Maheu, 

Tu, Fiocco & Schramek, 2007). While the connection may not be immediately apparent, 

inadequate sleep activates this human stress response in a multitude of ways. Being 

deprived of a biological need is a stressful event in and of itself; however, sleep 

deprivation also creates a situation in which the HPA axis is stimulated for longer than 

usual, as the axis usually is less active during sleep (Meerlo, Sgoifo & Suchecki, 2008). 

In a paper by Meerlo, Koehl, Van der Borght, and Turek, a continually stimulated HPA 

axis via sleep deprivation has been seen to lead to a decrease in sensitivity of the anterior 

pituitary to CRH in adult male rats. In a healthy axis this would result in diminished 

cortisol response, but, in fact, the cortisol response in chronically sleep-deprived rats 

remained the same, signaling increased adrenal sensitivity (2002). This suggests that 

sleep deprivation not only results in more activation of the cortisol response as it is 

happening in real time; it also increases the ease in activation of the axis. 



 If sleep deprivation only affected the stress response in the short-term there would 

not be so much cause for concern. The increase in the stress responsiveness is important 

because stress has been seen to have a very real and lasting effect on brain structures 

important for cognition. Overstimulation by cortisol has been seen to modify the 

structures, and therefore the functioning, of the medial prefrontal cortex and the 

hippocampus (McEwen, 2005). The medial prefrontal cortex is important for functions 

such as planning and decision-making (Miller, Freedman & Wallis, 2002), while the 

hippocampus is crucial for the formation of newly acquired memories (Cohen & 

Eichenbaum, 1993). These areas are invaluable for cognition and their modification is a 

frightening prospect, especially in an adolescent mind that is still in the process of 

development and as such has no baseline to return to. 

 Compounding the seriousness of the matter is that not only can one’s sleep habits 

possibly change the functioning of the HPA axis, but the stress response may also be 

capable of changing one’s sleep as well. Manipulations of the HPA axis support a 

relationship between stress and sleep. Removal of the adrenal glands decreased circadian 

sleep patterns in rats, but was able to be partially corrected through exogenous 

corticosterone injections (Steiger, 2002). In the same study it was seen that REM sleep 

could be diminished in humans with administration of ACTH, and wake after sleep onset 

(WASO) time was augmented with the application of CRH (Steiger, 2002).  

 The evidence above supports a possible reciprocal relationship between stress 

ands sleep that could modify brain structures imperative to cognitive functioning. If more 

confirmation is discovered for a cognitive resiliency mechanism it is crucial that long-



term research is begun to see if this use of a short-term fix is in fact inhibiting the 

cognitive potential of these adolescents. 
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Appendix A Questions from Morningness-Eveningness Questionnaire 

 

 
 

 

 

 

 

 

 

 

 

Appendix B Sleep Diary 



 

 

 

 

 

Figure 1 Morningness-Eveningness Questionnaire Score Sheet 



 

 

 

 

Figure 2 Mid-sleep and Corresponding MEQ scores 



 

Figure 3 Scatter Plot of 2-back Mean Reaction Time 
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Figure 4 Scatter Plot of 2-back Hit Rate 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Scatter Plot of 2-back False Alarm Rate 
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Figure 6 Scatter Plot of 3-back Mean Reaction Times 
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Figure 7 Scatter Plot of 3-back Hit Rate 
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Figure 8 Scatter Plot of 3-back False Alarm Rate 

-200

-100

0

100

200

300

400

500

600

700

0 0.2 0.4 0.6 0.8 1 1.2

M
in

ut
es

 

Hit Rate 

3-back Hit Rate 

Congruency

TST



 

 

 

 

 

-200

-100

0

100

200

300

400

500

600

700

0.955 0.96 0.965 0.97 0.975

M
in

ut
es

 

False Alarm Rate 

3-back False Alarm Rate 

Congruency

TST


	20150424155955721
	Effects of Total Sleep Time and Sleep Schedule Alignment on Cognitive Functioning in Adolescents

