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ABSTRACT

Background: Due to societal changes, many Americans sleep less than the recommended 7 to 9
hours of sleep per night, which is considered insufficient to sustain optimal daytime alertness and
sustained attention. Much of sleep research, however, is focused on sleep deprivation. Further
research is needed to assess the impact of sleep restriction, as opposed to sleep deprivation, on
sustained attention and self-reported sleepiness since these conditions, while similar, are not the
same. The purpose of this analysis is (1) to verify that sleep restriction impairs sustained
attention and (2) to investigate whether self-reported sleepiness aligns with sustained attention
measures.

Methods: Participants were recruited for an 11-day inpatient study conducted at the Clinical
Research Center at the Pennsylvania State University. Three sleep conditions were assessed: 3
days of baseline (10 hours time in bed), 5 days of sleep restriction (5 hours time in bed), and 2
days of recovery (10 hours time in bed). The Psychomotor Vigilance Task and the Karolinska
Sleepiness Scale were administered approximately every 2 hours throughout the duration of the
study to assess sustained attention performance and self-reported sleepiness.

Results: Eleven healthy young men (mean age ± SD) who completed the study were included in
this analysis. Sleep restriction of 5 days of 5 hours time in bed resulted in significant impairment
in sustained attention. Reaction time remained impaired after 2 days of 10 hours time in bed
recovery, whereas errors significantly improved after sleep recovery. Self-reported sleepiness
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significantly increased from baseline during sleep restriction; however, it was not significantly
different during recovery than baseline.

Conclusion and Implications: Self-reported sleepiness did not align completely with sustained
attention performance since reaction time was still impaired even though participants reported
feeling recovered after 2 nights of 10 hours time in bed. This finding may have important public
health implications since it indicates that when sleep restricted, people are not aware of the
magnitude of their sleep loss and the consequences on their day-to-day functioning and cognitive
performance.
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Chapter 1
Background
The National Sleep Foundation recommends 7 to 9 hours of sleep per night for adults,
ages 18 to 64 (Hirshkowitz et al., 2014). Due to increasing workloads and lifestyle changes,
however, American adults report an average of 6.8 hours of sleep per night (Jones, 2013). This
average falls below the recommended parameters of sleep and is widely considered insufficient
to sustain optimal daytime alertness or sustained attention. Attention is the ability to direct
cognitive functioning towards some information or stimuli, and sustained attention is the ability
to maintain attention for a continuous period of time without distraction (McCallum, 2015).
Sleep loss is a lack of adequate restorative sleep over a period of time that causes
physical or psychiatric symptoms and affects the performance of everyday activities (Sleep
deprivation, 2012). Sleep loss is broken down into five main categories: sleep disorders, sleep
fragmentation, circadian dysfunction, sleep deprivation, and sleep restriction. Sleep disorders
are diagnosed sleep-related difficulties such as insomnia, narcolepsy, restless leg syndrome, and
sleep apnea (Key sleep disorders, 2014). Sleep fragmentation is when brief arousals occur
during sleep (Sleep fragmentation, 2013). Circadian dysfunction is disruption of an individual’s
circadian rhythm, or “internal body clock,” that maintains the 24-hour cycle of human biological
processes (Circadian rhythm disorders, 2010). Sleep deprivation is a complete lack of sleep for
at least one night (Reynolds & Banks, 2010). Sleep restriction, which is the focus of this study’s
research, is a routine reduction of an individual’s normal sleep time that impairs optimal daytime
performance (Reynolds & Banks, 2010).
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Insufficient sleep is detrimental to health and safety. Sleep restriction can cause lapses in
sustained attention or microsleeps, which are brief 0.5-15 second episodes of delayed or absent
responses during which performance is hindered and individuals appear to fall asleep
momentarily. Microsleeps are accompanied by droopy eyes, slow-closing eyes, and head
bobbing (Innes, Poudel, & Jones, 2013). For certain individuals, unimpaired function is essential
for public safety. Involuntary interruptions of performance are particularly detrimental to
individuals who work as drivers, pilots, air-traffic controllers, health professionals, etc. (Pejovic
et al., 2013). These professionals rely on their self-perceived alertness when working; therefore,
accurate self-reported sleepiness is important for practical use in everyday life. Self-reported
sleepiness is one’s perception of difficulty staying awake and readiness to fall asleep when
sedentary (Sleep terms, definitions and abbreviations, 2012).

Significance of the Study
The impact of sleep deprivation is studied more frequently than sleep restriction. This
may largely be due to the logistical difficulties of running a controlled sleep restriction study.
There is also an implied presumption that the effects of sleep restriction parallel the effects of
total sleep deprivation, with the exception of the rate at which deficits occur (Rupp et al., 2009).
Sleep restriction has been shown to degrade sustained attention performance in a dose-dependent
manner, produce significant individual differences in sustained attention performance, and fail to
restore performance to baseline after 3 nights recovery sleep consisting of 8 hours time in bed
per night (Rupp et al., 2009). Unlike the predictions created by extrapolating from total sleep
deprivation studies, improvements in performance during recovery sleep were less substantial
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that originally assumed (Rupp et al., 2009). Sleep restriction also represents a more “real world”
look at sleep loss. Few people go for long periods of time with absolutely no sleep, but many
people try to function on insufficient amounts of sleep all the time.
A within-participant experimental design was selected as the methodology of this sleep
restriction study. By selecting a within-subject design, individual differences in sustained
attention performance can be accounted for by comparing results to each participant’s baseline
data. Using a highly controlled sleep environment, this study assessed the effects of sleep
restriction on sustained attention and self-reported sleepiness by controlling for variables such as
exposure to different light levels, daytime naps, caloric intake, physical activity, caffeine, and
alcohol.
Investigating the effect of sleep restriction on sustained attention is essential to the
nursing profession since long work hours are very common. Effective countermeasures to
fatigue-related problems cannot be identified until the effects of sleep restriction on sustained
attention and self-reported sleepiness are better understood. The longer individuals are sleep
restricted, the less accurate their perception of sleepiness becomes (Dongen, Maislin,
Mullington, & Dinges, 2003). Therefore, the difference between cognitive performance and
perception of sleepiness increases as sleep restriction continues, and this difference could
indicate that individuals are more impaired than they realize.

Purpose
The purpose of this thesis is to assess the impact of sleep restriction on both sustained
attention and self-reported sleepiness using a within-participant design in a highly controlled
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environment. This type of study is not typically done due to high costs and logistical challenges
to create a controlled setting over a long period of time. The aims of this analysis are:
1. To verify that sleep restriction causes impairment in sustained attention.
2. To investigate whether self-reported sleepiness aligns with sustained attention measures.

Theoretical Framework
A theoretical framework, as depicted by Figure 1, was created to structure this
investigation of sleep restriction. The framework highlights how sleep restriction is one of five
types of sleep loss, and shows that sleep restriction impairs sustained attention and self-reported
sleepiness. An impairment of sustained attention then leads to impaired cognitive performance.
This framework represents the theoretical idea behind the variables of sustained attention and
self-reported sleepiness.

Figure 1. Theoretical Framework
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Chapter 2
Review of Literature
In this chapter, the literature on sleep restriction, sustained attention, and self-reported
sleepiness will be discussed. Two databases, PubMed and PsycInfo, were used to identify
existing research, and the search strategy is depicted in Figure 2. While many studies used
similar testing methods for sustained attention and self-reported sleepiness, the control of
confounding variables fluctuated greatly from study to study. The purpose of the chapter is to
identify gaps in the knowledge that currently exist and to identify the limitations of previous
studies.
Using the search terms “(sleep restriction) AND (attention OR vigilance) AND
(psychomotor vigilance task OR psychomotor vigilance test) AND (subjective sleepiness OR
self-reported sleepiness)” 48 results were obtained. A similar number of results came from both
PubMed (25) and PsycInfo (23). Inclusion criteria included a) healthy human study participants,
b) chronic sleep restriction, c) use of a sustained attention task, and d) self-reported sleepiness.
By using human participant filters in both databases, seven articles that used animals were
excluded.
The exclusion process is depicted in Figure 2. There were 16 duplicates between
PubMed and PsycInfo; thus, 25 articles were retrieved for full evaluation. Twelve studies were
excluded for failing to meet all inclusion criteria or for including additional study variables or
procedures, such as daytime naps, that could impact the results of sustained attention tasks or
self-reported sleepiness reports. Thirteen studies met all inclusion criteria and were selected for
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inclusion in this literature review. This review discusses the gaps and limitations of various
sleep restriction studies, including different measures of sleep duration, sustained attention
measures, self-reported sleepiness measures, samples, and settings.

Figure 2. Literature Review Tree

Measures of Sleep Duration
Various self-reported and direct measures are used to monitor sleep duration. Some sleep
monitoring methods are considered more effective than others, despite the logistical difficulties
of using more advanced methods. Studies that use more effective measures of monitoring sleep
are more credible since the outcomes of a sleep restriction study rely on accurate sleep schedules.
Self-reported measures. Sleep diaries are one way to measure sleep duration and to
collect subjective information on quality of sleep. These diaries can be used to identify potential
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participants with irregular sleeping habits and to establish a baseline assessment of habitual sleep
(Swann, Yelland, Redman & Rajaratnam, 2006). Sleep diaries are often accompanied by the use
of telephone calls to verify compliance with sleep-wake schedules. Participants are required to
telephone the researcher prior to going to bed and upon waking (Swann et al., 2006). Although
sleep diaries and telephone calls are used frequently, neither can account for sleep onset latency,
or the time it takes the participant to fall asleep.
Direct measures. Actigraphy is a method of monitoring sleep through a wrist
accelerometer that monitors activity and light. Actigraphy has shown good reliability and
validity for measuring sleep-wake times in previous studies (Innes, Poudel, & Jones, 2013).
Actigraphy analysis can provide specific insight to sleep parameters such as time in bed, sleep
onset latency, actual sleep, and sleep efficiency. Sleep efficiency is the actual sleep divided by
time in bed (Innes, Poudel, & Jones, 2013).
Polysomnography (PSG) allows for a comprehensive assessment of sleep that includes
recording brain and cardiac activities, eye movements, respiration, and peripheral blood oxygen.
PSG can also identify sleep disorders or periodic limb movements (Innes, Poudel, & Jones,
2013). Although PSG is the most detailed analysis of sleep currently used in sleep restriction
studies, there are significant drawbacks. PSG requires specialized equipment, and the set up and
scoring of PSG data is time consuming and costly (Innes, Poudel, & Jones, 2013).
Studies that use direct measures of sleep duration are not only more reliable, but they
generate more sleep data to analyze. Furthermore, studies that use a mixture of measures are
even stronger. If one measure fails to work properly, a mixture of methods ensures sleep
duration data is still being collected.
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Sustained Attention Measures
Sustained attention can be measured through a variety of neurobehavioral assessments,
administered on a computer or tablet. The most frequently used assessment is the psychomotor
vigilance task (PVT), which is a sustained attention reaction time task. The participant reacts to
a repeated visual stimulus with an interval of 2-10 seconds. Lapses, or reaction times greater
than 500 milliseconds, are counted to measure performance impairment (Dongen, Maislin,
Mullington, & Dinges, 2003).
The Simple Reaction Time Test (SRTT) is very similar to the PVT. For the SRTT, a
black square is displayed 100 times on a screen at intervals between 2-7 seconds over a 10minute time frame. The participant responds to the stimulus by pressing a key to turn off the
square. The SRTT measures the number of lapses and the reaction time (Philip et al., 2012).
Another method to measure sustained attention is the n-back task with a sustained
attention component. The n-back task is widely used to measure spatial working memory. An
example of an n-back task is a 2-back task where participants respond only if a visual stimulus
presented on a screen is identical to the second last visual stimulus presented on the same screen
(Yoshiike, Kuriyama, Honma, Ikeda, & Kim, 2014). Responses are categorized as hits, misses,
or false alarms. The participant has to direct attention to relevant information in order to perform
the n-back task. Performance is evaluated by average response time (RT), correct response, and
correct response rate (Yoshiike, Kuriyama, Honma, Ikeda, & Kim, 2014).
Although the SRTT and n-back task both measure sustained attention, the PVT is the
most commonly used sustained attention measure. Studies that assess sustained attention with
the PVT have data that is comparable to many other sleep restriction studies, and therefore, may
be more useful.
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Self-Reported Sleepiness Measures
In order to understand how tired the participant feels after sustained attention tests, selfreported sleepiness scales are administered. Two measures are commonly used: the Karolinska
Sleepiness Scale (KSS) and the Stanford Sleepiness Scale (SSS). The KSS requires the
participant to rate sleepiness on a 9-point scale: 1 = extremely alert; 3 = alert; 5 = neither alert
nor sleepy; 7 = sleepy but no difficulty remaining awake; and 9 = extremely sleepy, fighting
sleep (Innes, Poudel, & Jones, 2013). Participants may select even-number ratings, which are
not labeled with descriptors but represent sleepiness ratings that are in between those of the odd
number. The SSS, much like the KSS, asks participants to describe their current state of
alertness on a numerical scale. The SSS is a 7-point scale: 1 = feeling active and vital to 7 =
almost in reverie; sleep onset soon; losing struggle to remain awake (Rupp, Wesensten, Bliese, &
Balkin, 2009). Participants may select any number 1 through 7 for sleepiness ratings that fall
between the two descriptors. Both scales are very similar; however, the studies that utilize both
scales capture a more precise understanding of the participants’ sleepiness (Dongen et al., 2003
& Innes et al., 2013).

Sample Size and Characteristics
Sleep restriction studies are often conducted with healthy, young participants; however,
the inclusion criteria can be quite variable. Studies include various sample sizes and sample
characteristics. Some studies control for behavior traits such as habitual sleep time, activity
level, and caffeine or alcohol intake. Different study samples can influence the results of a sleep
restriction study. There are many variables, such as age-related sleep effects, hormone cycles,
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and lifestyle habits, that affect sleep; however, many confounding variables can be excluded by
selecting a specific study sample.
Sample size. Previous sleep restriction studies generally have smaller sample sizes due
to various logistical challenges. The largest sample size included in this review had 159
participants for a 12-day laboratory protocol. That study, however, required 1,908 experimental
days in the laboratory to complete (Banks, Van Dongen, Maislin, & Dinges, 2010). The smallest
sample size included 12 participants (Swann et al., 2006). Most studies had sample sizes of 1833 participants (Horne & Burley, 2010, Innes et al., 2013, Pejovic et al., 2013, Philip et al., 2012,
Rossa et al., 2014, Rupp et al., 2010, Rupp et al., 2009, Schwartz et al., 2013). A few studies had
greater sample sizes between 48 and 63 participants (Dongen et al., 2003, Goel et al., 2014,
Yoshiike et al., 2014). Larger sample sizes have greater power to produce statistically
significant results.
Age. Each study has different age parameters for participants. Many studies in this
review have wide age parameters that include adults between 18-50 years of age (Banks et al.,
2010, Dongen et al., 2003, Goel et al., 2014, Innes et al., 2013, Pejovic et al., 2013, Rupp et al.,
2010, Rupp et al., 2009, Swann et al., 2006). Two studies tightly control for younger adults
only, with one study that includes participants between 18-24 years (Rossa, Smith, Allan, &
Sullivan, 2014) and another that includes participants between 20-25 years (Yoshiike, Kuriyama,
Honma, Ikeda, & Kim, 2014).
Only one study excluded young adults and focused on participants aged 46-55 years old
(Philip et al., 2012). Investigating healthy, younger adults may exclude other influences that
affect sleep, such as age-related changes that are pervasive for individuals who are older. When
studying sleep restriction in adults aged 46-55, participants experienced severe cognitive
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dysfunction that was equivalent to the rapid impairment that results from total sleep deprivation.
However, these participants experienced optimal performance scores after just one night of
recovery sleep, which was not seen with younger study samples (Philip et al., 2012), making it
difficult to compare with other sleep restriction studies. In order to prevent age-related effects on
sleep restriction studies, the age ranges should be restricted to study a more specific age group.
Two studies did not include the age range of the participants. An average and standard
deviation were provided: one study had an average age of 21.41 years with a standard deviation
of 1.9 (Horne & Burley, 2010), whereas the other study had an average of 21.64 years with a
standard deviation of 2.71 (Schwartz et al., 2013). This indicates that the age range was
somewhat narrow and in young adults, but cannot be confirmed.
Gender. Since women are affected by hormone cycles, some studies only included
males. There was only one study that studied only male participants (Philip et al., 2012). Out of
the remaining 12 studies, 6 studied more males that females (Banks et al., 2010, Dongen et al.,
2003, Goel et al., 2014, Pejovic et al., 2013, Rupp et al., 2010, Swann et al., 2006). The other 6
studied more females than males (Horne & Burley, 2010, Innes et al., 2013, Rossa et al., 2014,
Rupp et al., 2009, Schwartz et al., 2013, Yoshiike et al., 2014). While most studies enrolled both
males and females, studies that included only male participants excluded hormonal influences
from the various measures collected.
Sleep habits. Most sleep studies control for participants with specific sleep habits and
overall sleep health. A study conducted by Banks et al. (2010) included participants who had a
habitual nightly sleep duration between 6.5 hours and 8.5 hours. Included participants also had
habitual morning wake times between 06:00 and 09:00 with no reports of habitual napping or
sleep disturbances. To verify these criteria, participants were monitored by actigraphy, sleep
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diaries, and time-stamped phone calls for time to bed and time awake. This study also excluded
participants for shift work, transmeridian travel, or irregular sleep routines in the 60 days
preceding the study.
Two other studies had in-depth criteria for sleep habits and sleep health. One study
excluded participants if they reported habitual sleep durations outside the range of 6-8 hours,
average morning wake-up times later than 08:00 Monday through Friday and 09:00 Saturday or
Sunday, time zone travel across 3 or more time zones, or sleep disorders (Rupp et al., 2010).
The other study excluded participants for reporting habitual daytime napping, habitually sleeping
more than seven hours per night Sunday through Thursday, an average time in bed earlier than
21:00 Sunday through Thursday, or an average morning wake-up time later than 09:00 Monday
through Friday. The study also excluded participants who had sleep disorders or had traveled
across more than three time zones within the last three months (Rupp et al., 2009). These two
studies have three common authors, and this explains the very similar inclusion and exclusion
criteria for sleep habits and sleep health.
Some studies had fewer sleep-related criteria for inclusion. For example, Dongen et al.
(2003) excluded potential participants for sleep-related disorders, rotating shift work within the
past 2 years, and travel across time zones in the 3 months before inclusion in the study, but did
not include criteria related to habitual sleep duration or sleep-wake times. Another study had no
criteria for sleep duration or sleep-wake times, but instead focused on ruling out sleep disorders
with one week of actigraphy and full polysomnography (Philip et al., 2012).
A strong sleep habit focus for many studies was habitual sleep duration. In a study
conducted by Swann et al., 2006, the only sleep habit investigated was sleep duration. Included
participants slept between seven and nine hours a night before the study, and sleep duration was
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measured by sleep diaries. Horne and Burley (2010) conducted a study that included participants
who slept 7-8 hours a night, were infrequent nappers, and had regular bed times. No method of
verifying habitual sleep duration or habitual time to bed was included. Another study that
considered habitual sleep duration included participants who usually slept between 7 and 8.5
hours with a usual time in bed between 22:00 hours and midnight. Participants were also
excluded for evidence of any sleep disorder (Innes et al., 2013).
Goel et al. (2010) included participants who slept between 6.5 and 8.5 hours daily with
regular bedtimes and wake up times between 06:00 and 09:00. Sleep diaries and actigraphy
verified sleep duration and wake times for at least one week before study entry. Participants
were excluded for sleep or circadian disorders. Pejovic et al., (2013) also excluded participants
with no sleep complaints or circadian disorders. Unlike the study conducted by Goel et al.,
(2010), this study screened participants in the sleep laboratory for sleep disordered breathing and
other sleep disorders as a method of verification.
A study conducted by Rossa et al. (2014) used self-reporting methods to excluded
participants who were experiencing sleep difficulties or disorders. This study relied on selfreported sleep habits. Participants were excluded if they reported habitual bedtimes after 22:30
and wake-up times before 06:30. Schwartz et al. (2013) included participants with habitual sleep
duration of at least 7.5 hours, and participants were screened for sleep-wake disorders and
extreme sleep phase patterns. Yoshiike et al. (2014) included participants who maintained a
constant sleep-wake schedule with no history of sleep disorders. Sleep diaries validated sleepwake schedules the week preceding the study.
Participants with irregular habitual sleep durations or sleep wake times can have a hard
time adjusting their normal sleep habits to the rigorous sleep schedule of a sleep restriction study.
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Sleeping disorders would also influence the data collected since various disorders can cause
changes or impairments to sleep duration and quality.
Other sample characteristics. Many sleep restriction studies screened participants for
general health, caffeine use, drug and alcohol use, physical activity, medications, and
neurological or psychiatric disorders. Each study had varied inclusion and exclusion criteria,
with different methods of verification. The studies that had more specific criteria for participants
were better at preventing confounding variables from affecting the results of sleep restriction.
A study conducted by Banks et al. (2010) included participants who were free of acute
and chronic medical and psychological conditions. Verification of general health was conducted
through an extensive process that included interviews, clinical history, questionnaires, physical
exams, and blood and urine tests. Participants were also nonsmokers and had a body mass index
between 19 and 30. Alcohol, caffeine, tobacco, and medication use was prohibited during the
week before the laboratory experiment, with the exception of oral contraceptives, and adherence
was verified through blood and urine screens.
Some studies included fewer criteria for general health. For example, a study by
Schwartz et al. (2013) screened participants for physical and mental health problems but did not
limit the use of substances such as caffeine and alcohol before or during the experiment.
Another study used self-report questionnaires to depict general health, and each participant had a
clinical interview with a sleep specialist, but there were few specific inclusion and exclusion
criteria (Philip et al., 2012). Horne and Burley (2010) conducted a study that had no criteria for
general health, but included participants who consumed less than 150 milligrams of caffeine
daily and consumed less than 20 units of alcohol per week.
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A study by Dongen et al. (2003) required participants to eliminate caffeine, alcohol,
tobacco, and medications in the two weeks before the experiment. This study verified
compliance through blood and urine screens and questionnaires. Participants were required to be
drug-free and were excluded for medical or psychiatric disorders. Innes et al. (2013) had a
similar approach with inclusion and exclusion criteria. Included participants had no history of
neurological or psychiatric disorder, and they were asked not to consume any stimulants or
depressants, such as alcohol, caffeine, and nicotine on the days that they participated in the
experimental sessions. However, there was limited control over use of these substances, since
usage was only restricted for one day.
Goel et al. (2014) required participants to be physically and psychologically healthy,
which was assessed by physical examination and history. Participants also had no significant
abnormalities in blood chemistry, drug-free urine samples, and did not currently use medical or
drug treatments, aside from oral contraceptives. Rossa et al. (2014) conducted a study that
excluded participants who had significant health problems, took illicit or prescription
medications, or drank more than three caffeinated beverages a day. In a study by Swann et al.
(2006), participants were excluded for chronic or recent acute medical conditions other than mild
asthma. Exclusion criteria also stated that participants could not have a history of drug or
alcohol dependence, take regular medicine other than oral contraceptives or drugs used to treat
mild asthma, smoke more than five cigarettes per day, consume more than 10 standard alcoholic
beverages per week, or consume 250 milligrams of caffeine each day.
A few sleep restriction studies included more specified inclusion criteria. A study by
Pejovic et al. (2013) controlled very specifically for the physical activity of participants.
Participants were included if they were healthy and physically active, but not excessively so.
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Other inclusion criteria included not taking any medications and a battery of clinical tests that
needed to be negative for abnormal findings. The battery included a complete blood count,
thyroid index, electrocardiogram, and urine screen for drug use. A study conducted by Yoshiike
et al. (2014) also had unique inclusion criteria of only right-handed participants. This study also
required participants to have no history of drug and alcohol abuse or neurological and psychiatric
disorders, and to abstain from drugs, smoking, alcohol, and caffeine for 24 hours before and
during the study period.
Rupp et al. (2010) conducted a study with very specific inclusion criteria. Physical
examination and evaluation of blood and urine samples were used to determine general health.
These samples were tested for pregnancy and drug use. Participants were excluded for
cardiovascular disease, hypertension, past or present neurologic or psychiatric disorder, present
or past use of over-the-counter substances with suspected psychoactive properties, asthma or
other reactive airway diseases, past history of cancer, allergies, regular nicotine use within the
last three years, consumption of more than 14 alcoholic drinks per week, current use of other
illicit drugs, liver disease, depression, and pregnancy. Exclusion criteria included self-reported
history of average caffeine use over 400 milligrams per day. Participants were also excluded for
medication use during laboratory experiments, including vitamins and supplements, but not oral
contraceptives. Another sleep restriction study included very similar criteria, but also included a
12-lead electrocardiogram in the physical examination (Rupp et al., 2010).
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Study Setting
The setting of sleep restriction studies is variable. It is challenging to provide a
controlled environment, and it is harder to find participants willing to sleep outside of their home
for an extended period of time. Requiring participants to sleep in a laboratory is also more
expensive than monitoring sleep from home, however, monitoring sleep in a controlled
environment allows the researchers to control for more variables that could influence sleep, such
as varying light levels, use of electronic devices, diet, and more. It also allows researchers to
make sure the participants are compliant with sleep-wake times and other criteria included in the
study. From reviewing the literature, sleep restriction studies have three different types of
settings: a home setting, a controlled laboratory environment overnight, or a controlled
laboratory environment for the duration of the study.
Home setting. The sleep restriction studies in a home setting used actigraphy, sleep
diaries, phone calls, or a mixture of these methods to verify sleep compliance. A study
conducted by Horne and Burley (2010) restricted sleep to five hours time in bed for one night.
Adherence was verified by actigraphy. Innes et al. (2013) used actigraphy monitoring and sleep
diaries to make sure participants restricted their sleep to four hours, from 03:00-07:00, for one
night. Both Rossa et al. (2014) and Schwartz et al. (2013) used actigraphy and phone calls to
verify sleep restriction for one night. Only one study conducted in a home setting studied more
than one day of sleep restriction. This study, conducted by Swann et al. (2006), used sleep
diaries to record sleep-wake schedules for five days to assess usual time in bed. Participants
were then sleep restricted for two nights, and sleep restriction was verified through phone calls.
Nights in laboratory setting. Two studies used a mixture of home and laboratory
settings. For these two studies, participants came into the laboratory at night to verify sleep-
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wake times, but they were allowed to go home during the day. No-nap compliance while not in
the laboratory was monitored by actigraphy (Pejovic et al., 2013, Rupp et al., 2010). Both of
these studies were longer than any of the home setting studies. The study by Pejovic et al.
(2013) consisted of 4 nights of 8 hours in bed, 6 nights of 6 hours in bed, and 3 nights of 10
hours in bed. The study by Rupp et al. (2010) included 7 nights of 10 hours in bed, 7 nights of 3
hours in bed, and 3 nights of 8 hours in bed. By requiring participants to sleep in the laboratory,
these studies were able to maintain a controlled environment, eliminate a variety of possible
sleep disruptions, and ensure compliance with the sleep schedule, as participants became more
sleep restricted.
Laboratory setting. A study conducted by Goel et al. (2014) had participants remain in
the laboratory for the duration of the experiment. The study lasted 10 nights, which consisted of
3 nights of 8 hours in bed, 5 nights of 4 hours in bed, and 2 nights of 8 hours in bed. A study by
Philip et al. (2012) had a similar sleep restriction structure, but only lasted 7 nights. Participants
underwent 1 night of 8 hours in bed, 5 nights of 4 hours in bed, and 1 night of 8 hours in bed. A
study by Yoshiike et al. (2014) was the only sleep restriction study that took place entirely in the
laboratory and only included 1 night of sleep restriction.
Two studies required participants to remain in the laboratory used randomization of sleep
times. A study conducted by Banks et al. (2010) lasted for 8 nights: 2 nights of 10 hours in bed,
5 nights of 4 hours in bed, and 1 night of either 0, 2, 4, 6, 8, or 10 hours in bed. Another study
that included randomization of sleep times consisted of 2 nights of 8 hours in bed, 14 nights of
either 4, 6, or 8 hours in bed, and 3 nights of recovery sleep (Dongen et al., 2003).
Mixed settings. A study by Rupp et al. (2009) included all three types of settings. The
study started with 14 days of habitual sleep that was monitored by actigraphy at home. Then
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participants came into the laboratory overnight for 7 days of either habitual or extended sleep.
Extended sleep was considered 10 hours. Participants spent the final phase of the experiment
full-time in the laboratory. Participants underwent 1 night of either habitual or extended sleep, 7
nights of 3 hours in bed, and 5 nights of 8 hours in bed.

Limitations and Gap in the Literature
The review of the literature shows the wide diversity of sleep restriction studies. From
measures used, to sample selection, to experimental setting, no sleep restriction study has the
exact same parameters. Studies need to control for confounding variables that can impact the
results of sleep restriction on sustained attention and self-reported sleepiness. There has not been
a study that has controlled for age and gender while also assessing sleep restriction for more than
one night. By studying a very specific group in a controlled laboratory environment, the effects
of sleep restriction can be more precisely understood.
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Chapter 3
Methods
This analysis is designed to investigate the effect of sleep restriction on sustained
attention and self-reported sleepiness in order to understand how sleep restriction can impact
working professionals such as nurses. It is important to investigate how sleep restriction may
cause cognitive impairments to understand how nurses may be affected in providing quality care
to patients. The aims are to answer the following questions: Does sleep restriction cause
impairment in sustained attention? Do self-reported sleepiness measures align with sustained
attention measures during sleep restriction?
The components of this study come from a larger, more comprehensive sleep restriction
study that investigates four major outcome variables: altered metabolic function, differential
cardiovascular regulation, impaired cognitive function, and gene expression and epigenetic
changes. This thesis looks specifically at 1 of 8 cognitive tests and a scale that are administered
approximately every 2 hours over the course of the study. As part of a larger study, there are
many protocols that control for extraneous variables that make this study more rigorous than
most sleep restriction studies investigating sleep restriction, sustained attention, and self-reported
sleepiness. The International Review Board (IRB) at Penn State has approved this study.

21

Recruitment and Screening
Participants were recruited through flyers placed around State College and through
advertisements placed on Penn State’ research website and Craigslist. The advertisements ask
for healthy non-smoking male participants who can stay in a sleep lab for 11 days and nights
with a total compensation of up to $2,250.
Inclusion criteria for this study are (1) written informed consent, (2) male aged 20-35
years old, (3) good physical and mental health, (4) and willingness to comply with all study
procedures. Potential participants were excluded for night shift work in the past 3 years, travel
between more than 2 time zones in the past 3 months, and inability to follow a regular sleepwake schedule and an expanded sleep time for 1 week prior to the study to ensure that subjects
are sleep-replete. Participants were required to remain drug and alcohol free throughout the
study, and participants were not allowed to use prescription or non-prescription medications.
These measures were verified through a urine toxicology screen. The screening process also
eliminated anyone with a history of drug or alcohol dependency.

Outpatient Monitoring
Participants were required to sleep at home for 7 days of 10 hours time in bed prior to
coming into the lab. Bedtime and wake times had to be consistent and not differ by more than 60
minutes each day, and the average duration of sleep could not be less than 8 hours total.
Participants were required to call a time-stamped answering machine, wear wrist actigraphy
watches, and complete a sleep diary to show compliance to the outpatient monitoring sleep
schedule.
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Inpatient Setting
Study exposure. The inpatient portion of the study included three conditions: 3 days of
baseline with 10 hours time in bed, 5 days of sleep restriction with 5 hours time in bed, and 2
days of sleep recovery with 10 hours time in bed as depicted in Figure 3.
Inpatient environment and conditions. For the inpatient portion of the study,
participants stayed in a room in the Clinical Research Center of the Pennsylvania State
University at the University Park Campus. The room consists of a bed, desk, and private
bathroom. There was no window in the room and the light levels were measured and
documented each day, using a light meter, to verify consistent dim lighting to prevent different
light intensity from disrupting the circadian rhythms of the participants. Research assistants
were present for the entire duration of the study to facilitate the study protocol. Participants were
scheduled when to eat, sleep, shower, take tests, etc. Participants were not allowed to lie down
or nap aside from designated sleep times for the duration of the study, and they were monitored
for wakefulness and compliance throughout the study. To monitor sleep, wrist actigraphy
watches previously worn during the outpatient monitoring were also worn throughout the 11-day
inpatient portion of the study. Additionally, sleep episodes were recorded using
polysomnography, electroencephalography (EEG) recording of brain activity for determination
of sleep architecture and timing.
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Figure 3. Inpatient Study Protocol

Measures
The two measures being investigated in this thesis are the Psychomotor Vigilance Task
(PVT) and the Karolinska Sleepiness Scale (KSS). The PVT was the last task in a battery of 8
cognitive functioning tests. Immediately after the battery of cognitive tests were administered,
the KSS was administered; therefore, the PVT was the task that was freshest in the participant’s
mind when answering the KSS. Both the PVT and the KSS were administered approximately
every two 2 hours.
Psychomotor vigilance task (PVT). The PVT is a ten-minute task that is widely used in
sleep restriction studies to measure sustained attention. The participant is instructed to watch the
rectangle in the center of an iPad screen. When a millisecond counter appears inside the
rectangle, tap the screen as quickly as possible without tapping the screen early. The stimulus
occurs every 2-10 seconds. The millisecond counter gives the participant feedback on
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performance after each stimulus. The PVT measures outcomes such as mean reaction time,
lapses, and false starts. Lapses are reaction times greater than 500 milliseconds. False starts
occur when the participant taps the screen before the stimulus appears (Dongen, Maislin,
Mullington, & Dinges, 2003).
Karolinska sleepiness scale (KSS). The KSS assesses self-reported sleepiness by asking
the participant to choose a number on a nine-point scale that spans from very sleepy to very alert.
This assessment is administered on an iPad and has been shown to be sensitive to acute sleep
deprivation (Innes, Poudel, & Jones, 2013).

Data Preparation
Throughout the study, data logs and progress notes were kept to record test
administrations and any interruptions that occurred in order to identify invalid data.
Interruptions that made the PVT data invalid included anything that distracted participants from
the task, such as a nurse entering the room for a temperature check, construction noises that
started during the administration, etc. After the conclusion of each participant’s study, the PVT
logs and the progress notes of the study were reviewed and invalid administrations of the PVT
were noted and removed from the data set.

Statistical Analysis
Statistical analyses were performed using Statistical Analysis System (SAS) Version 9.4.
We compared PVT measures: mean reaction time (MeanRT), number of lapses, and number of
false start errors and ratings of self-reported sleepiness from KSS score in different sleep
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conditions using a series of mixed models with factors Condition (sleep restriction and recovery
vs. baseline=reference) and Time since waking within a day. For the comparison between sleep
restriction and recovery conditions, we used least squares mean test. P values <0.05 were
considered significant.
The skew and kurtosis of MeanRT exceeded |3| and |10|, criteria for normally suggested
by Kline (2005). For this variable, we removed extreme values above 99% quantile from the
analysis. After removing six outlying observations for MeanRT, the skew and kurtosis of the
variable were within the range of normal distribution.
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Chapter 4
Results
The purpose of this analysis is to verify that sleep restriction causes impairment in
sustained attention and to investigate whether self-reported sleepiness aligns with sustained
attention measures. PVT results were analyzed to assess the difference between baseline, sleep
restriction, and recovery conditions to see if impairment in sustained attention occurred and
whether or not 2 days of recovery sleep duration was enough time to improve performance and
alertness to baseline levels. The outcome measures from the KSS were analyzed to assess if
sustained attention performance aligned with self-reported sleepiness. Eleven participants are
included in this analysis (n=11) and the results are depicted along with standard error (SE) in
Table 1.
Condition

MeanRT

SE MeanRT

Lapses

SE Lapses

Baseline

307.14

27.13

4.43

336.57

28.70

6.94

Sleep Restriction
Recovery

361.18

26.72

7.88

SE False
Starts
0.77

KSS

SE KSS

2.42

False
Starts
2.83

4.44

0.35

2.51

3.21

0.86

4.25

0.42

2.40

3.53

0.74

Table 1. Outcome Measures from the PVT

6.01

0.33

Psychomotor Vigilance Task Outcomes
The measures included in this analysis from the PVT were (1) mean reaction time, (2)
lapses, and (3) false starts. As seen in Figure 4, mean reaction time was significantly slower
during sleep restriction (SR) than during baseline (BL; p<0.001) showing that sleep restriction
caused an impairment in sustained attention. While there was significant improvement in mean
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reaction time from sleep restriction to recovery (REC; p=0.037), recovery mean reaction time is
significantly slower than baseline (p=0.021).

Figure 4. PVT Mean Reaction Time
Lapses and false starts are additional indicators of sustained attention impairment. The
number of lapses, or reaction times greater than 500 milliseconds, increased significantly from
baseline to sleep restriction (p<0.001). Lapses were also significantly higher than baseline
during recovery (p=0.006). There is not a significant improvement in the number of lapses
during sleep restriction and recovery (p=0.260).

Figure 5. PVT Lapses

False starts, when a participant taps the screen before the stimulus appears, increased
significantly during sleep restriction compared to baseline (p=0.020) showing an impairment of
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sustained attention. False starts were not significantly different, however, when comparing sleep
restriction and recovery (p=0.525) or when comparing baseline and recovery (p=0.471).

Figure 6. PVT False Starts

Karolinska Sleepiness Scale Outcomes
The KSS evaluated how tired participants felt during each of the three conditions. The
KSS score was significantly higher, indicating more sleepiness, during sleep restriction than
baseline (p<0.001). The KSS score was significantly lower during recovery than sleep
restriction, which shows a significant increase in alertness after 2 nights of 10 hours time in bed
(p<0.001). Participants did not feel sleepier during recovery than baseline (p=0.521).

Figure 7. Karolinska Sleepiness Scale Results
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Chapter 5
Discussion
By restricting sleep to 5 hours time in bed, which is well below the recommended 7 to 9
hours of sleep per night for adults, ages 18 to 64, we were able to see the results of sleep
restriction on sustained attention and self-reported sleepiness. Five days of 5 hours time in bed
caused significant impairment in sustained attention through analysis of mean reaction time,
lapses, and false starts from the PVT. Both mean reaction time and lapses remained significantly
impaired from baseline during recovery, which showed that sustained attention, specifically
reaction time, was still impaired after 2 nights of 10 hours time in bed. False starts, on the other
hand, were not significantly different in baseline and recovery conditions, suggesting that 2
nights of 10 hours recovery sleep was enough to restore previously increased errors during sleep
restriction. This is an interesting result regarding 2 different measures of the same task, and may
indicate that sleep loss and recovery sleep affect reaction time and making errors differently.
The study protocol was structured to mirror a 5-day workweek and a 2-day weekend in
order to investigate the effect of sleep restriction under conditions that are applicable to many
adults. Oftentimes, the weekend is used to “catch up” on sleep; however, the results of this study
indicate that 2 nights of recovery sleep are not necessarily enough to correct impairments in
reaction time.
Additionally, self-reported sleepiness does not align with sustained attention measures.
Participants report that they are significantly less tired during recovery than sleep restriction,
even though their sustained attention is still impaired. Sleep restriction is important to assess
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since this finding indicates that when sleep restricted, people are not aware of the impact lack of
sleep can have on their day to day functioning and cognitive performance.

Limitations of the Study
The sample size of this analysis is small and includes only 11 participants; however, the
study is still running and more participants in the future can improve the reliability of these
results. Additionally, all participants to date have been male in order to avoid hormonal
influences that may affect sleep in females, but expanding the participant population would more
accurately reflect the population. Although the within-participant study design controlled for
individual difference, all of participants completed the study in the same order: baseline, sleep
restriction, and recovery and were not randomized. Lastly, the sleep duration during the different
conditions and the number of days in each condition may have not been enough, or may have
been too much, compared to what people do in their everyday lives.

Impact on the Field of Nursing
The finding that sleep restriction causes impairment in sustained attention and that selfreported sleepiness does not align with sustained attention performance is applicable to the field
of nursing. If nurses are not sleeping adequate amounts, the quality of the care they provide will
be negatively affected due to a decrease in cognitive performance. Impairment in sustained
attention can lead to detrimental errors during medication passes, when assessing patients, or
when a change in patient condition occurs. Nurses spend the most time interacting with patients
and in order to provide quality care and be a patient advocate, they should be at full functioning
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capacity. Additionally, when sleep restricted or recovering from a lack of sleep, nurses will not
be aware of the full impact lack of sleep has on their performance.
One mistake as a nurse could cost someone his or her life. A simple oversight such as
hanging the wrong bag of intravascular fluid could be life threatening. Nurses often work long
hours, night shifts, or rotating shifts so it is essential for the importance of sufficient sleep to be
stressed. Nurses need to be cognizant of the value they place on sleep and ensure that they are
prepared for each shift. Education on the impact of sleep restriction needs to be provided so that
nurses can take the necessary measures to ensure that they are competent.
This study uncovered that sustained attention does not align with self-reported sleepiness
measures; however, the study was only conducted on men and the field of nursing is
predominately female. In the future, further research is necessary to study the effect of sleep
restriction on nursing professionals to get a more adequate representation of how lack of sleep
can impair sustained attention. Additionally, further studies should look into the impact of night
shifts and rotating shifts specifically on sustained attention measures since these shifts do not
align with a person’s circadian rhythm.
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Appendix A
The Karolinska Sleepiness Scale

(Innes, Poudel, & Jones, 2013)
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Appendix B
Literature Review Matrix
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