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Abstract 

The current study examined performance on an automated task battery under short-term sleep deprivation and 
non-sleep deprivation conditions. Twenty-six volunteers completed the sleep deprivation study. Twenty-three 
volunteers completed the non-sleep deprivation study. Performance was examined across five test sessions 
during 25 hours of acute sleep deprivation conditions and during two days of non-sleep deprivation conditions. 
ANOVAs examining changes in performance from baseline levels indicated that performance under sleep 
deprivation conditions resulted in a decrease in performance in some tasks and an increase in estimated blood 
alcohol concentration. Non-sleep deprivation resulted in stable or increasing performance and a decrease in 
estimated blood alcohol concentration. The Controlled Attention Model suggests that the task characteristics 
would have helped maintain performance levels but does not explain how performance decreased on some but 
not all of the tasks. Extending the Controlled Attention Model to include a broader self-regulation approach 
suggests that on some of the tasks the participants did not adequately regulate their engagement in the task (even 
with rapidly changing stimuli) resulting in a decrease in performance levels. Incorporating a self-regulation 
approach with the Controlled Attention Model could provide a model that better explains the range of effects 
seen under sleep deprivation conditions. 
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1. Introduction 

Although the effect of good sleep habits on health and well-being is gaining attention in many societies, chronic 
sleep loss continues to be a common occurrence for many people. Furthermore, modern society’s reliance on 
24-hour manufacturing, transportation, and service industries has created a work environment that requires shift 
work thus disrupting the endogenous circadian rhythms and sleep cycle in many workers. As such, the effects of 
sleep deprivation on the worker as well as the worker’s ability to perform are important issues in many work 
settings.  

1.1 Sleep Deprivation and Performance 

The negative effects of shift work on sleep are well established (Åkerstedt, 2007; Pilcher, Lambert, & Huffcutt, 
2000). There has been less effort; however, to establish and test a paradigm that can provide a theoretical basis 
for better understanding and predicting the effects of sleep deprivation on performance. Several reviews of the 
literature have concluded that sleep deprivation negatively affects performance on a wide range of tasks 
(Harrison & Horne, 2000; Lim & Dinges, 2010). There is a growing literature base that it is not always the 
simpler tasks that are more negatively affected by sleep deprivation. For example, complex language-based tasks 
can be more negatively affected by sleep deprivation than simpler language-based tasks (Pilcher, McClelland et 
al., 2007). 

A recent approach to understanding the effects of sleep deprivation on performance is the Controlled Attention 
Model (Pilcher, Band, Odle-Dusseau, & Muth, 2007). This model suggests that tasks that are intrinsically less 
interesting are likely to be more negatively affected since the sleep-deprived individual would have to purposely 
control his or her attention in an effort to complete the task. The Controlled Attention Model can be applied to 
tasks that require vigilance or attention to the task, as well as tasks that require cognitive processing where the 
person must keep information in memory long enough to successfully complete the task. There is growing 
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evidence that the Controlled Attention Model is useful in understanding a wide range of detrimental processes 
due to sleep deprivation (Lim & Dinges, 2010; Michael, Passmann, & Becker, 2012; Odle-Dusseau, Bradley, & 
Pilcher, 2010; Pilcher, Vander Wood, & O’Connell, 2011; Walker, Muth, Odle-Dusseau, Moore, & Pilcher, 
2009). 

1.2 Sleep Deprivation and Attention 

The Controlled Attention Model is one approach to understanding how performance under sleep deprivation 
conditions is related to our attentional capacity. Human behavior can be viewed on a continuum between 
involuntary basic physiological mechanisms and higher level conscious cognitive processing (Pashler, Johnston, 
& Ruthruff, 2001). This hierarchical view of human behavior provides a means to understand complex 
cognitions as well as automated physiological actions and motor control and allows the connection from 
cognition to actual behavior (Carver & Scheier, 1998). 

When examining performance, it is important to consider not only what the individual chooses to attend to but 
also other events that could impact performance. For example, the characteristics of the task could have an effect 
in that tasks that present new stimuli in the visual field draw the individual’s attention (Yantis & Hillstrom, 1994). 
The physiological state of the individual also impacts the ability of the person to attend to a task and can affect 
performance. Sleep deprivation and sleep restriction, for instance, affect working memory and performance 
(Axelsson et al., 2008; Pilcher, Band et al., 2007). Thus, attention depends not only on the individual’s ability to 
focus but also on conditions that may be out of the immediate control of the individual. 

An individual’s ability to monitor how well he or she can focus attention on a task is part of the human capacity 
to self-regulate. Self-regulation includes the ability to monitor actions that help the individual make and fulfill 
plans, inhibit unwanted thoughts, and regulate social behaviors (Heatherton & Wagner, 2011). The ability to 
self-regulate is theorized to depend on a limited amount of internal resources within each individual that can be 
exhausted (Heatherton & Wagner, 2011). For example, inhibiting emotions (Vohs & Heatherton, 2000) and 
suppressing thoughts (Muraven, Collins, & Nienhaus, 2002) decrease self-regulatory behaviors. Although sleep 
restriction and sleep deprivation induce physiological fatigue, there has been little effort to date to integrate sleep 
deprivation results with the literature on human self-regulation.  

1.3 Current Study 

The current study used the Automated Performance Test Systems (APTS; RSK Assessments, Inc., Orlando, FL) 
to examine performance on a variety of short tasks in sleep deprived and non-sleep deprived persons. The APTS 
tasks used in the current study were the two-hand tapping, math processing, code substitution, grammatical 
reasoning, and memory search. Each task in the APTS requires different levels of cognitive or motor processing, 
thus, creating a testing environment where individuals had to respond to changing performance requirements in 
short periods of time.  

The APTS was developed to detect the effects of stressors on psychomotor and cognitive performance in 
repeated-measures settings (Kennedy, Dunlap, Turnage, & Fowlkes, 1993). The APTS has been shown to be 
sensitive to the effects of real world events that could negatively affect performance such as sustained 
wakefulness and alcohol (Kennedy et al., 1993; Trice & Steele, 1995). The APTS has also been used to develop a 
model to estimate alcohol dose equivalences (Kennedy et al., 1993). 

The purpose of the current study was to examine cognitive and motor processing as measured by the APTS tasks 
under sleep deprivation and non-sleep deprivation conditions and relate the findings to the human capacity for 
attention and self-regulation. As an additional means of examining performance, the APTS tasks were used to 
estimate blood alcohol concentration (BAC) levels. We hypothesized the following: 

1) Performance on the two-hand tapping task would decrease under sleep deprivation conditions but would 
remain stable under non-sleep deprivation conditions. Because this task is a basic motor response, this 
hypothesis is based on the literature suggesting that physical performance levels decrease under sleep 
deprivation conditions (e.g., Pilcher & Huffcutt, 1996). 

2) Performance on the short cognitive APTS tasks would remain stable or decrease slightly under sleep 
deprivation conditions and remain stable under non-sleep deprivation conditions. This was a more difficult 
hypothesis since the literature has shown mixed effects of sleep deprivation on the cognitive APTS tasks. The 
Controlled Attention Model suggests that the sleep-deprived participants may be able to marshal their resources 
and successfully complete the tasks at least in part due to the tasks being short in duration thus allowing the 
participants to more easily maintain their attention (Pilcher, Band et al., 2007). 
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3) Estimated BAC levels would decrease in the sleep deprivation study as suggested by Kennedy and 
colleagues (Kennedy et al., 1993).  

2. Method 

2.1 Sleep Deprivation Study 

2.1.1 Participants 

Twenty-six undergraduate students (14 males, 12 females) from Clemson University served as participants in the 
sleep deprivation study. Their average age was 20.4 years (SD = 2.18). The study was approved by the 
university’s institutional ethics review board. All participants signed an informed consent before starting the 
study and were paid for participating.  

2.1.2 Procedures 

Volunteers were recruited by flyers posted on the university campus. Potential participants completed a screening 
questionnaire to ensure that they were in good health, did not have any diagnosed sleep disorders, reported a 
regular diurnal sleep/wake cycle, did not excessively drink alcohol, and did not use tobacco or drugs. The 
participants who met the screening criteria provided a list of dates that they could complete the study. Based on 
their preferred dates, research assistants assigned volunteers to groups of four to complete the study. Prior to the 
onset of the study, participants were given a study instruction sheet asking them to sleep approximately 8 hours a 
night for the three nights before the onset of the study and not to consume alcohol the night before the study. 
Participants were also asked not to nap or consume alcohol or caffeine on the day of the study. Participants 
completed daily activity logs on how long and well they slept each morning upon awakening on the three days 
prior to the study. 

The sleep deprivation study was designed to examine the effects of sleep deprivation and working at night on 
performance. Participants experienced approximately 26 hours of acute sleep deprivation combined with a work 
period during the last 18 hours of the sleep deprivation episode. Research assistants called participants at a 
pre-arranged time between 8 and 10 am on the first morning of the study to ensure the participants were awake 
and reminded the participants not to nap during the day. Participants reported to the on-campus research 
laboratory at 4:30 pm on day one of the study. The work portion of the study took place from 4:30 pm until 
10:00 am the next day. Training on the tasks began at 5 pm and continued until approximately 7:30 pm. The 
participants completed five testing sessions during the night with breaks between each session. Each testing 
session lasted about 2.5 hours. The testing sessions took place from approximately 8:00 to 10:30 pm, 10:45 pm 
to 1:15 am, 1:45 to 4:15 am, 4:30 to 7:00 am, and 7:15 to 9:45 am. The participants were provided with 
sandwiches, chips, fresh fruit, non-caffeinated drinks and water during the night. 

2.1.3 Measures 

The participants completed several vigilance and cognitive tasks during the night. All tasks were 
counterbalanced across participants. The APTS task was used for the current analyses. The APTS is a 
computerized cognitive test battery that measures cognitive and motor functioning. Five of the tasks in the APTS 
battery were used in the present study: two-hand tapping, math processing, code substitution, grammatical 
reasoning, and memory search. Participants were instructed to perform each task as quickly and accurately as 
possible. The participants completed each task within the APTS battery eight times during the training session on 
day 1 to stabilize performance levels and then completed each task once during the five testing sessions. The 
two-hand tapping task took 30 seconds to complete. Math processing, code substitution, grammatical reasoning, 
and memory search each took approximately 60 to 90 seconds to complete.  

The two-hand tapping task required participants to alternately tap the K and L keys as quickly as possible for 30 
seconds. In the math processing task, two single digit numbers appeared in a simple addition or subtraction 
function (e.g., 6-2). The participants had to decide whether the function resulted in a number greater or less than 
5. Participants completed approximately 30 trials of math processing during each session. The code substitution 
task required participants to substitute a number for a letter according to a key displayed at the top of the screen. 
The code consisted of 9 letters paired with 9 numbers. Below these pairings, a stimulus letter was provided. The 
participants had to determine the correct number for each letter. Participants completed approximately 30 trials 
of code substitution during each session. The grammatical reasoning task presented a statement (e.g., A follows 
B) and then a pair of letters, either AB or BA. The participant had to decide whether or not the pair of letters 
matched the statement. Participants completed approximately 20 trials of grammatical reasoning during each 
session. For the memory search task, participants memorized a set of four letters and then determined if 
subsequent probe letters were in the initial set of letters. Participants completed approximately 50 trials of the 
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memory search task during each session. 

2.2 Non-Sleep Deprivation Study 

2.2.1 Participants 

Twenty-three undergraduate students (8 males, 15 females) at Clemson University participated in the study. 
Their average age was 20.9 years (SD = 0.97). The study was approved by the university’s institutional ethics 
review board. All participants signed an informed consent before starting the study and were paid for their 
participation. Volunteers were not allowed to participate in both the sleep deprivation study and the non-sleep 
deprivation study. 

2.2.2 Procedures 

Participants were recruited and screened in the same manner as the sleep deprivation study. The volunteers who 
met the screening criteria were given a list of potential study dates and asked to select dates to participate in the 
study. Prior to the onset of the study, participants were given an instruction sheet on the guidelines for 
completing the study, including sleeping approximately 8 hours each night of the study and not to nap or 
consume alcohol during the study. To provide a measure of their sleep/wake activity, participants kept an activity 
log indicating how long and how well they slept. The activity logs were completed immediately upon arrival in 
the research laboratory on both days of the study. 

The non-sleep deprivation study was designed to be non-stress and non-fatigue inducing and still allow us to 
train the participants and assess their performance on the tasks across five testing sessions. To more closely 
imitate the sleep deprivation study, the non-sleep deprivation study also took place on two consecutive days. The 
participants completed two testing sessions on day 1 and three testing sessions on day 2. All testing sessions took 
place between 8:00 am and 8:00 pm. Participants were requested to sleep eight hours within a window between 
approximately 10 pm and 8 am the night before each day of the study. The participants were required to be 
awake for at least one hour before completing the first testing session of each day and were called by a research 
assistant at a pre-arranged time each morning to ensure they were awake. The first testing session on day 1 
consisted of training on the tasks for one hour and then testing on the tasks for the second hour. The remaining 
testing sessions (day 1 – session 2, and day 2 – sessions 3, 4, 5) were one-hour sessions. To help avoid any stress 
or fatigue, all testing sessions were scheduled at least two hours apart and at each participant’s convenience.  

2.2.3 Measures 

Participants completed several vigilance and cognitive tasks that were a subset of the tasks completed in the 
sleep deprivation study. All tasks were counterbalanced across participants. The APTS was used for the current 
analyses and was administered in the same manner as the sleep deprivation study. Some of the APTS tasks in the 
current study were also used in the McClelland, Pilcher and Moore (2010) study. As described below the data are 
analyzed in a different manner for the current study. 

2.3 Data Analyses 

We completed the same data analyses for the sleep deprivation and the non-sleep deprivation studies. Two-hand 
tapping was measured as the number of completed taps. Accuracy was used as the measure of performance on 
math processing, code substitution, grammatical reasoning, and memory search. Change from baseline measures 
were used for all measures since that can help account for individual variability in responses to the effects of 
sleep deprivation (Van Dongen, Baynard, Maislin, & Dinges, 2004).  

We calculated baseline performance levels for each measure as the average performance level for each 
participant across the last three of the eight training sessions. The performance data for each testing session were 
then converted to measures of change from baseline. We then calculated the average change for each task for the 
first two testing sessions and the last three testing sessions. In the sleep deprivation study, this allowed us to 
compare the performance from the beginning of the night (e.g., from 8 pm to 1:15 am) when the participants 
could be expected to be non-sleep deprived with the performance for the remainder of the night when the 
participants would be sleep deprived. In the non-sleep deprivation study, this allowed us to compare the 
performance on day 1 to the performance on day 2. 

We also calculated an estimated BAC based on the two-hand tapping, math processing, code substitution, and 
grammatical reasoning data from the APTS following the methodology developed by Kennedy and colleagues 
(1993). We used the calculated baseline performance for each measure and calculated the percent decrement in 
performance from baseline for each testing session during the sleep deprivation and non-sleep deprivation 
studies using equation one. 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

75 
 

Percent Decrement = 100 * (baseline performance - testing session performance) / baseline performance (1) 

We used the calculated percent decrement for each task to complete the Dose Equivalency Model in equation 
two for each testing session. 

Dose Equivalency = (9 * CS + 6 * THT + 5 * MP + 2 * GR) / 1000                      (2) 

In this equation, CS was the percent decrement in code substitution, THT was the percent decrement in two-hand 
tapping, MP was the percent decrement in math processing, and GR was the percent decrement in grammatical 
reasoning. 

The final step in estimating BAC based on APTS performance used the result from the Dose Equivalency Model 
in the manner described by Kennedy and colleagues (1993) in equation three for each testing session. 

 Estimated BAC = 0.1 * Dose Equivalency0.5                              (3) 

The estimated BAC was then averaged for the first two and the last three testing sessions allowing us to compare 
values from the beginning to the end of each study. 

SPSS 19.0 (SPSS, Inc., Chicago, IL) was used for all data analyses. We completed independent t-tests comparing 
the sleep reported by the sleep-deprived participants to the sleep reported by the non-sleep deprived participants. 
We then examined the baseline data to insure that the participants in the two studies had similar performance 
levels at the start of each study. We completed independent t-tests on the baseline data for each APTS task for the 
sleep deprivation and non-sleep deprivation groups. We completed a repeated-measures ANOVA for the sleep 
deprivation study data and for the non-sleep deprivation study data including all measures (two-hand tapping, 
math processing, code substitution, grammatical reasoning, memory search, and estimated BAC) to determine if 
performance differed between the beginning and end of the study (alpha = 0.05). The ANOVA results are 
reported as the Greenhouse-Geisser correction for sphericity. 

3. Results 

3.1 Sleep Data  

Participants in the sleep deprivation study reported sleeping an average of 7 hours and 54 minutes (SD=78.21 
minutes) for the three nights prior to the onset of the study and for 8 hours and 8 minutes (SD=64.5 minutes) the 
night immediately before the sleep deprivation period. The participants in the non-sleep deprivation study 
reported sleeping an average of 7 hours and 34 minutes (SD=43.14 minutes) on the night before the first day of 
the study and 7 hours and 28 minutes (SD=69.68 minutes) on the night before the second day of the study. There 
was no significant difference in sleep times prior to the onset of the study for the participants in the sleep 
deprivation and the participants in the non-sleep deprivation study. These results indicate that the participants 
followed the study instructions and were not sleep deprived prior to the sleep deprivation study or during the 
non-sleep deprivation study.  

 

Table 1. Training data* 

 Study  

Sleep Deprivation Non-Sleep Deprivation  

Measure Mean Standard Dev Mean Standard Dev p 

Two-Hand Tapping 100.95 15.22 88.34 19.97 .016 

Math Processing 94.40 3.70 94.25 4.56  

Code Substitution 97.39 3.11 97.64 2.00  

Grammatical Reasoning 78.90 11.54 83.07 8.00  

Memory Search 96.27 2.34 96.13 2.10  

*Average of last three training sessions 

 

3.2 Baseline Performance 

As shown in Table 1, the participants in the sleep deprivation and non-sleep deprivation studies had similar 
levels of performance over the last three training sessions. The independent t-tests indicated that only the 
performance on the two-hand tapping task differed significantly between the two studies, t(47) = 2.502, p = .016, 
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with the sleep-deprived participants performing better than the non-sleep deprived participants. As we point out 
in the discussion, this difference in simple motor processing is likely due to the different times of the day that 
training took place for the two studies.  

 

Table 2. Sleep deprivation study results 

 Time of Study  

Beginning End  

Measure Raw data Change scores* Raw data Change scores* p 

Two-Hand Tapping 100.79±16.22 -0.160±6.280 96.55±15.61 -4.397±6.241 .005 

Math Processing 93.90±3.82 -0.490±3.710 94.03±4.43 -0.363±3.553  

Code Substitution 96.91±3.08 -0.478±3.577 94.94±5.20 -2.455±5.409 .083 

Grammatical 
Reasoning 

81.67±12.21 2.762±7.467 80.93±11.75 2.029±7.026  

Memory Search 96.26±3.84 -0.002±3.126 95.07±3.29 -1.198±2.615 .015 

Estimated BAC 0.014±0.018  0.026±0.015  .011 

All data are means ± standard deviation. *Change from baseline scores; Beginning: Average of testing sessions 1 
and 2; End: Average of testing sessions 3, 4, and 5 

 

Table 3. Non-sleep deprivation study results 

 Time of Study  

Beginning End  

Measure Raw data Change scores* Raw data Change scores* p 

Two-Hand Tapping 92.70±19.80 4.355±7.085 93.25±18.66 4.906±6.626  

Math Processing 93.67±4.90 -0.575±4.198 94.78±4.42 0.535±4.54  

Code Substitution 97.81±2.56 0.173±2.471 97.48±2.80 -0.152±2.990  

Grammatical 
Reasoning 

81.28±12.03 -1.792±11.595 89.85±8.04 6.778±9.416 <.001

Memory Search 97.25±1.44 1.121±2.554 97.33±1.91 1.200±2.282  

Estimated BAC 0.009±0.012  0.004±0.008   

All data are means ± standard deviation. *Change from baseline scores; Beginning: Average of testing sessions 
on day 1; End: Average of testing sessions on day 2 

 

3.3 APTS Performance 

The means and standard deviations for the raw data and the change scores of each measure are show in Table 2 
for the sleep deprivation study and in Table 3 for the non-sleep deprivation study. The number of taps decreased 
during the sleep deprivation study but remained stable in the non-sleep deprivation study. The ANOVA results 
indicated a significant decrease in two-hand tapping in the sleep deprivation study, F(1,25) = 9.647, p=.005, 
partial eta2=.278, and no significant change in the non-sleep deprivation study. There was no significant change 
in math processing levels in either study. Performance on the code substitution task decreased under sleep 
deprivation conditions but remained stable in the non-sleep deprivation study. The ANOVA showed that the 
change in performance on the code substitution task in the sleep deprivation study approached significance, 
F(1,25) = 3.272, p=.083, partial eta2=.116, and no significant change in the non-sleep deprivation study. In 
contrast, performance on the grammatical reasoning task remained stable in the sleep deprivation study but 
improved in the non-sleep deprivation study. There was a significant increase in grammatical reasoning in the 
non-sleep deprivation study, F(1,22) = 844.687, p<.001, partial eta2=.441, and no significant change in the sleep 
deprivation study. Performance on the memory search task decreased in the sleep deprivation study and 
remained stable in the non-sleep deprivation study. The ANOVA indicated a significant decrease in performance 
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on the memory search task in the sleep deprivation study, F(1,25) = 6.773, p=.015, partial eta2=.213, and no 
significant change in the non-sleep deprivation study.  

The means and standard deviations for the estimated BAC levels are shown in Table 2 for the sleep deprivation 
study and in Table 3 for the non-sleep deprivation study. The estimated BAC levels increased in the sleep 
deprivation study and remained stable in the non-sleep deprivation study. The ANOVA results indicated a 
significant increase in estimated BAC in the sleep deprivation study, F(1,25) = 7.572, p=.011, partial eta2=.232, 
and no significant change in the non-sleep deprivation study. 

4. Discussion 

The current results indicate that performance on the subtasks of the APTS decreased or remained stable under 
sleep deprivation and either remained stable or improved under non-sleep deprivation conditions. Furthermore, 
the estimated BAC levels based on APTS performance increased under sleep deprivation conditions but 
remained stable under non-sleep deprivation conditions. These results support our hypotheses and provide 
additional evidence suggesting that sleep deprivation has differential effects on performance. 

4.1 APTS Performance 

The sleep-deprived participants showed a decrease in performance on the 2-hand tapping task. This change in 
performance supports previous research indicating that sleep deprivation negatively affects motor responding 
(Pilcher & Huffcutt, 1996), even very short durations of motor performance. As noted in our second hypothesis, 
the short duration of the cognitive-based APTS subtasks could have made it easier for the participants to 
maintain the necessary attention to perform well. This would help explain the stable performance levels on the 
math processing and grammatical reasoning subtasks in the sleep deprivation study. It is important to note; 
however, that the near significant decrease in performance on the code substitution task and the significant 
decrease in performance on the memory search task indicate that the participants did not perform equally well on 
all of the subtasks. 

Performance on the APTS remained stable in the non-sleep deprivation study indicating that the participants 
maintained their ability to perform when being tested multiple times in a well-rested state across two days. 
Furthermore, the non-sleep deprived participants improved their performance on the grammatical reasoning task. 
This increase in performance occurred on the second day, following the sleep episode between the two days of 
the study. For comparison, grammatical reasoning decreased slightly between the first half and the second half of 
the night in the sleep deprivation study, indicating that practice alone was not enough to improve performance 
independent of sleep. These results suggest that the sleep episode in the non-sleep deprivation study may have 
contributed to an improvement in grammatical reasoning performance, supporting previous studies indicating 
that sleep plays an active role in improving performance and memory (Aly & Moscovitch, 2010; Lau, Tucker, & 
Fishbein, 2010; Rasch & Born, 2008). Future research could be designed to examine why performance on only 
the grammatical reasoning task improved under non-sleep deprivation conditions. It could be that the 
grammatical reasoning task required an additional level of cognitive processing that was not required in the math 
processing, code substitution, or memory search task; a level of processing that sleep could enable. 

It is interesting to note that the participants in the sleep deprivation study performed significantly better on the 
two-hand tapping task during training than the participants in the non-sleep deprivation study. This difference in 
simple motor response is likely due to the time of day when training occurred in the two studies. Training in the 
sleep deprivation study occurred between 5 and 7:30 pm, the period of time in the circadian rhythm when our 
body temperature and alertness is reaching its highest point of the day. In contrast, training in the non-sleep 
deprivation study occurred during the morning of day 1 of the study. Although the circadian rhythm in body 
temperature and alertness is increasing during the morning, it does not approach its peak until later in the day. 
These findings support earlier research suggesting that physical performance follows the circadian rhythm in 
body temperature including an improvement in performance in the late afternoon to early evening (Reilly & 
Edwards, 2007). 

4.2 Estimated Blood Alcohol Concentration 

Several studies have compared the effects of alcohol consumption and sleep deprivation on performance. One 
study found that 17 hours of sustained wakefulness results in an impairment in psychomotor performance on a 
tracking task equivalent to a BAC level of 0.05% and that 24 hours of sustained wakefulness resulted in a 
decline in performance to levels that resembled a BAC of 0.10% (Dawson & Reid, 1997). Other studies report 
similar results using psychomotor tasks (Maruff, Falleti, Collie, Darby, & McStephen, 2005; Williamson & Feyer, 
2000; Williamson, Feyer, Mattick, Friswell, & Finlay-Brown, 2001) and driving skills (Arnedt, Wilde, Munt, & 
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MacLean, 2001; Fairclough & Graham, 1999). Unfortunately, the relative effects of sleep deprivation and BAC 
level using tasks that require more complex processing is less well documented. One study examined the effects 
of 0.05% BAC and 24 hours of sustained wakefulness on performance on a variety of tasks (Falleti, Maruff, 
Collie, Darby, & McStephen, 2003). Falleti and colleagues conclude that some tasks are equally affected by 
alcohol and fatigue but not all tasks. In general, speed of responding seems to be more affected by sleep 
deprivation than alcohol whereas accuracy on memory and learning seems more negatively affected by alcohol. 
This suggests that the type of task may also have an effect on the relationships among BAC level, sleep 
deprivation, and performance. 

The current data suggest that examining performance under sleep deprivation conditions as estimated BAC can 
be useful. The estimated BAC levels found in the current study were within the range of the BAC levels reported 
in previous studies (Dawson & Reid, 1997; Maruff et al., 2005; Williamson & Feyer, 2000). The findings from 
Falleti and colleagues (2003) suggest that the slightly lower estimated alcohol levels in the current study could 
have been a reflection of the task characteristics of the APTS, in that the APTS used tasks that included simple 
motor processing as well as short duration cognitive processing to approximate the BAC. 

4.3 Controlled Attention Model and Self-Regulation 

The Controlled Attention Model provides a rational that can help explain the current results. As noted in our 
second hypothesis, the Controlled Attention Model suggests that the relative short duration of each the APTS 
subtasks would make the tasks easier to perform in that the participants could more easily maintain their 
attention for the duration of the task. The stable performance seen on the math processing and grammatical 
reasoning tasks in the sleep deprivation study support this premise. However, the changes in performance on the 
code substitution and memory search tasks, suggest that the short duration of the task is not always enough to 
ensure stable performance.  

It is important to recognize that the Controlled Attention Model can also be interpreted in terms of the 
participants’ ability to regulate their own attention and engagement. Attempting to describe human performance 
based solely on the characteristics of the task or environment is limited. Instead, one must consider the 
participant’s choice in paying attention and remaining engaged in the task. The change in performance on the 
code substitution and the memory search tasks in the sleep deprivation study support this interpretation. Of the 
cognitive subtasks in the current study, it can be argued that the code substitution task was the simplest since the 
letter-number combinations were present on the computer screen and the participants simply had to match the 
correct combination. The decrease in performance on the code substitution task suggests that the participants did 
not maintain the necessary attention to pick the correct matches even when the task provided a rapid change in 
the stimuli that could help keep the participants engaged. Similarly, the participants did not perform well on the 
memory search task across the sleep deprivation period, suggesting that working memory was compromised in 
the sleep-deprived participants. In contrast, the participants appeared to maintain their attention and effort on the 
math processing and grammatical reasoning tasks and, thus, maintained their performance across the sleep 
deprivation period. 

Integrating the process of self-regulation with the Controlled Attention Model provides a broader approach to 
understanding the effects of sleep deprivation. Personal control of attention is one aspect of self-regulation. 
Self-regulation has been defined in a variety of ways including metacognitive and motivational approaches 
(Hong & O’Neil, 2001). The self-regulation process allows individuals to reach and maintain personal goals at 
work, in education, and in daily life (e.g., Carver & Scheier, 1990; Bouffard, Bouchard, Goulet, Denoncourt, & 
Couture, 2005). Sufficient sleep has been found to replenish the internal resources that are essential for 
self-regulation (Barber. Munz, Bagsby, & Powell, 2012). Since sleep deprivation affects our lives in many ways, 
it is important to consider how sleep deprivation may change our ability to monitor our personal engagement and 
attention and how that may affect our decision-making, long-term goals, and general well-being. 

Although understanding how sleep-deprived persons regulate their behavior could be a useful tool, researchers 
have not yet considered self-regulation when interpreting the effects of sleep deprivation. Self-regulation can be 
used to manage internal and external resources, prioritize goals, manage time, and track goal completion in many 
components of life (Corno, 2001). The Controlled Attention Model suggests that the process of controlling 
attention, one type of self-regulated behavior, is negatively affected by sleep deprivation. It is also feasible that 
sleep deprivation may interact with other self-regulated behaviors and choices in ways that are not yet fully 
explored. Future research is needed that addresses the effects of sleep deprivation on a wider range of 
self-regulatory behaviors. If future research indicates that self-regulatory behaviors are affected under sleep 
deprivation conditions, it could be useful to expand the current Controlled Attention Model to incorporate a 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

79 
 

broader self-regulation approach. 

4.4 Conclusions 

There are several limitations in the current studies. One limitation is that the non-sleep deprivation study was not 
designed to be a complete control for the sleep deprivation study. Unfortunately, implementing a true control 
study that assesses performance multiple times during the night without adding the potential confounding effects 
of sleep deprivation is impossible. We purposely designed the non-sleep deprivation study to provide us with a 
means of comparing performance across five testing sessions without the added sleep deprivation element. 
Another limitation is that the current studies did not attempt to control for participants’ natural circadian rhythms. 
We recognize that our endogenous circadian rhythms cannot be modified or controlled without introducing 
extreme measures to shift the participants’ rhythms. Instead, we focused on performance during the day in the 
non-sleep deprivation study and at night in the sleep deprivation study. This allowed us to compare daytime 
performance when our endogenous circadian rhythm encourages us to be more alert to nighttime performance 
when our circadian rhythm encourages us to be less alert. Finally, the current studies did not use the same 
subjects and, thus, did not fully account for individual differences. To account for this, we compared 
performance on the two groups during training and we completed the data analyses using change from baseline 
data. 

Applying the Controlled Attention Model to sleep habits and performance could be useful in many work place 
and other real-world settings when completing tasks under sleep deprivation conditions. Sleep deprivation is a 
common occurrence in modern society where many individuals are required to adjust their sleep/wake pattern 
when doing shiftwork while others purposely partially deprive themselves of sleep while thinking that it will 
have little effect on their ability to perform and make good decisions. The Controlled Attention Model and the 
self-regulation theory suggest that tasks that require the individual to purposely focus attention would be most 
negatively affected by sleep loss. This could include tasks that require constant attention to complete such as 
driving a truck, piloting an airplane, or monitoring the radar in air traffic control settings. It could also include 
tasks that require active engagement on the part of the individual to understand and correctly complete the task. 
Tasks that require active engagement occur in many work and educational situations where vigilance, active 
processing, and learning are necessary. As such, using the Controlled Attention Model and the self-regulation 
theory may provide a means to better cope with the effects of sleep deprivation in many settings in our modern 
society. 

The current results support the use of the Controlled Attention Model to better understand how sleep loss 
negatively affects performance. Furthermore, incorporating a broader self-regulation approach may provide 
additional benefits when interpreting the effects of sleep deprivation in real world settings. Applying a 
self-regulation approach in sleep loss situations could provide a broad background from which to better 
understand how basic cognitive mechanisms such as attention and working memory may contribute to the 
performance deficits in many workplace and real world settings. 

Acknowledgements 

This project was partially supported by the Center for Advanced Study of Language, University of Maryland, 
College Park, MD. We thank our research staff, graduate students, and undergraduate students at Clemson 
University for their assistance when completing the data gathering for the study and with data management 
including Jesse Allen, Cortney Brenner, Kristina Ihlenfeldt, Laura McClelland, Christopher Merchant, Joe 
Mulvihill, Kristina O’Connell, David Panczykowski, Carrie Price, Lindsay Roether, and Cassandra Wright. 

References 

Åkerstedt, T. (2007). Altered sleep/wake patterns and mental performance. Physiology and Behavior, 90, 
209-218. http://dx.doi.org/10.1016/j.physbeh.2006.09.007 

Aly, M., & Moscovitch, M. (2010). The effects of sleep on episodic memory in older and younger adults. 
Memory, 18, 327-334. http://dx.doi.org/10.1080/09658211003601548 

Arnedt, J. T., Wilde, G. J. S., Munt, P. W., & MacLean, A. W. (2001). How do prolonged wakefulness and 
alcohol compare in the decrements they produce on a simulated driving task? Accident Analysis and 
Prevention, 33, 337-344. http://dx.doi.org/10.1016/S0001-4575(00)00047-6 

Axelsson J., Kecklund G., Åkerstedt, T., Donofrio P., Lekander M., & Ingre M. (2008). Sleepiness and 
performance in response to repeated sleep restriction and subsequent recovery during semi-laboratory 
conditions. Chronobiology International, 25, 297-308. http://dx.doi.org/10.1080/07420520802107031 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

80 
 

Banderet, L. E., Stokes, J. W., Francesconi, R., Kowal, D. M., & Naitoh, P. (1981). Artillery teams in simulated 
sustained combat: Performance and other measures. In L. C. Johnson, D. J. Tepas, W. P. Colquhoun, & M. J. 
Colligan (Eds.), Biological rhythms, sleep and shiftwork (pp. 459-477). New York: Spectrum. 

Barber, L. K., Munz, D. C., Bagsby, P. G., & Powell, E. D. (2010). Sleep consistency and sufficiency: Are both 
necessary for less psychological strain? Stress and Health, 26, 186-193. http://dx.doi.org/10.1002/smi.1292 

Baumeister, R. F., & Heatherton, T. F. (1996). Self-regulation failure: An overview. Psychological Inquiry, 7, 
1-15. http://dx.doi.org/10.1207/s15327965pli0701_1 

Belenky, G., Wesensten, N. J., Thorne, D. R., Thomas, M. L., Sing, H. C., Redmond, D. P., Russo, M. B., & 
Balkin, T. J. (2003). Patterns of performance degradation and restoration during sleep restriction and 
subsequent recovery: A sleep dose-response study. Journal of Sleep Research, 12, 1-12. 
http://dx.doi.org/10.1046/j.1365-2869.2003.00337.x 

Bouffard, T., Bouchard, M., Goulet, G., Denoncourt, I., & Couture, N. (2005). Influence of achievement goals 
and self-efficacy on students’ self-regulation and performance. International Journal of Psychology, 40, 
373-384. http://dx.doi.org/10.1080/00207590444000302 

Bougard, C., & Davenne, D. (2011). Effects of sleep deprivation and time-of-day on selected physical abilities in 
off-road motorcycle riders. European Journal of Applied Physiology. 
http://dx.doi.org/10.1080/00207590444000302 

Cajochen, C., Knoblauch, V., Kräuchi, K., Renz, C., & Wirz-Justice, A. (2001). Dynamics of frontal EEG 
activity, sleepiness and body temperature under high and low sleep pressure. Neuroreport, 12, 2277-2281. 
http://dx.doi.org/10.1097/00001756-200107200-00046 

Carver, C. S., & Scheier, M. F. (1998). On the self-regulation of behavior. New York: Cambridge University 
Press. http://dx.doi.org/10.1017/CBO9781139174794 

Carver, C. S., & Scheier, M. F. (1990). Principles of self-regulation: Action and emotion. In E. T. Higgins, & R. 
M. Sorrentino (Eds.), Handbook of motivation and cognition: Foundations of social behavior (Vol. 2, pp. 
3-52). New York: The Guilford Press. 

Corno, L. (2001). Volitional aspects of self-regulated learning. In B. J. Zimmerman, & D. H. Schunk (Eds.), 
Self-regulated learning and academic achievement: Theoretical perspectives (2nd ed., pp. 191-226). 
Mahwah, NJ: Lawrence Erlbaum. 

Dawson, D., & Reid, K. (1997). Fatigue, alcohol and performance impairment. Nature, 388, 235. 
http://dx.doi.org/10.1038/40775 

Dinges, D. F., Pack, F., Williams, K., Gillen, K. A., Powell, J. W., Ott, G. E., Aptowicz, C., & Pack, A. I. (1997). 
Cumulative sleepiness, mood disturbance, and psychomotor vigilance performance decrements during a 
week of sleep restricted to 4-5 hours per night. Sleep, 20, 267-277. 

Drummond, S. P. A., Brown, G. G., Gillin, J. C., Stricker, J. L., Wong, E. C., & Buxton, R. B. (2000). Altered 
brain response to verbal learning following sleep deprivation. Nature, 403, 655-657. 
http://dx.doi.org/10.1038/35001068 

Fairclough, S. H., & Graham, R. (1999). Impairment of driving performance caused by sleep deprivation or 
alcohol: A comparative study. Human Factors, 41, 118-128. 
http://dx.doi.org/10.1518/001872099779577336 

Falleti, M. G., Maruff, P., Collie, A., Darby, D. G., & McStephen, M. (2003). Qualitative similarities in cognitive 
impairment associated with 24 h of sustained wakefulness and blood alcohol concentration of .005%. 
Journal of Sleep Research, 12, 265-274. http://dx.doi.org/10.1111/j.1365-2869.2003.00363.x 

Fan, J., Raz, A., & Posner, M. I. (2003). Attential mechanisms. In M. J. Aminoff, & R. B. Daroff (Eds.), 
Encyclopedia of neurological sciences (pp. 292-299). New York: Elsevier Science. 
http://dx.doi.org/10.1016/B0-12-226870-9/00749-8 

Harrison, Y., & Horne, J. A. (2000). The impact of sleep deprivation on decision making: A review. Journal of 
Experimental Psychology: Applied, 6, 236-249. http://dx.doi.org/10.1037/1076-898X.6.3.236 

Hauke, J., Fimm, B., & Sturm, W. (2011). Efficacy of alertness training in a case of brainstem encephalitis: 
Clinical and theoretical implications. Neuropsychological Rehabilitation, 21, 164-182. 
http://dx.doi.org/10.1080/09602011.2010.541792 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

81 
 

Heatherton, T. F., & Wagner, D. D. (2011). Cognitive neuroscience of self-regulation failure. Trends in Cognitive 
Sciences, 15, 132-139. http://dx.doi.org/10.1016/j.tics.2010.12.005 

Hong, E., & O’Neil, Jr, H. F. (2001). Construct validation of a trait self-regulation model. International Journal 
of Psychology, 36, 186-194. http://dx.doi.org/10.1080/00207590042000146 

Horne, J. A. (2000). Images of lost sleep. Nature, 403, 605-606. http://dx.doi.org/10.1038/35001174 

Jones, K., & Harrison, Y. (2001). Frontal lobe function, sleep loss and fragmented sleep. Sleep Medicine Reviews, 
5, 463-475. http://dx.doi.org/10.1053/smrv.2001.0203 

Jonides, J. (1981). Voluntary versus automatic movements of the mind’s eye. In J. Long, & A. Baddeley (Eds), 
Attention and Performance IX (pp. 197-203). Hillsdale, NJ: Lawrence Erlbaum. 

Kane, M. J., & Engle, R. W. (2002). The role of prefrontal cortex in working-memory capacity, executive 
attention, and general fluid intelligence: An individual-differences perspective. Psychonomic Bulletin & 
Review, 9, 637-671. http://dx.doi.org/10.3758/BF03196323 

Kennedy, R. S., Dunlap, W. P., Turnage, J. J., & Fowlkes, J. E. (1993). Relating alcohol-induced performance 
deficits to mental capacity: A suggested methodology. Aviation, Space, and Environmental Medicine, 64, 
1077-1085. 

Kjellberg, A. (1975). Effects of sleep deprivation on performance of a problem-solving task. Psychological 
Reports, 37, 479-485. http://dx.doi.org/10.2466/pr0.1975.37.2.479 

Langner, R., Steinborn, M. B., Chatterjee, A., Sturm, W., & Willmes, K. (2010). Mental fatigue and temporal 
preparation in simple reaction-time performance. Acta Psychologica, 133, 64-72. 
http://dx.doi.org/10.1016/j.actpsy.2009.10.001 

Lau, H., Tucker, M. A., & Fishbein, W. (2010). Daytime napping: Effects on human direct associative and 
relational memory. Neurobiology of Learning and Memory, 93, 554-560. 
http://dx.doi.org/10.1016/j.nlm.2010.02.003 

Lim, J., & Dinges, D. F. (2010). A meta-analysis of the impact of short-term sleep deprivation on cognitive 
variables. Psychological Bulletin, 136, 375-389. http://dx.doi.org/10.1037/a0018883 

Lord, R. G., & Levy, P. E. (1994). Moving from cognition to action: A control theory perspective. Applied 
Psychology: An International Review, 43, 335-398. http://dx.doi.org/10.1111/j.1464-0597.1994.tb00828.x 

Maruff, P., Falleti, M. G., Collie, A., Darby, D., & McStephen, M. (2005). Fatigue-related impairment in the 
speed, accuracy and variability of psychomotor performance: Comparison with blood alcohol levels. 
Journal of Sleep Research, 14, 21-27. http://dx.doi.org/10.1111/j.1365-2869.2004.00438.x 

McClelland, L. E., Pilcher, J. J., & Moore, D. D. (2010). Oculomotor measures as predictors of performance 
under sleep deprivation conditions. Aviation, Space and Environmental Medicine, 81(9), 833-842. 
http://dx.doi.org/10.3357/ASEM.2653.2010 

Michael, L., Passmann, S., & Becker, R. (2012). Electrodermal lability as an indicator for subjective sleepiness 
during total sleep deprivation. Journal of Sleep Research, 21, 470-478. 
http://dx.doi.org/10.1111/j.1365-2869.2011.00984.x 

Muraven, M. Collins, R. L., & Nienhaus, K. (2002). Self-control and alcohol restraint: An initial application of 
the self-control strength model. Psychology of Addictive Behaviors, 16, 113-120. 
http://dx.doi.org/10.1037/0893-164X.16.2.113 

Mu, Q., Mishory, A., Johnson, K. A., Nahas, Z., Kozel, F. A., Yamanaka, K., Bohning, D. E., & George, M. S. 
(2005). Decreased brain activation during a working memory task at rested baseline is associated with 
vulnerability to sleep deprivation. Sleep, 28, 433-446. 

Odle-Dusseau, H. N., Bradley, J. L., & Pilcher, J. J. (2010). Subjective perceptions of the effects of sustained 
performance under sleep-deprivation conditions. Chronobiology International, 27, 318-333. 
http://dx.doi.org/10.3109/07420520903502226 

Pashler, H., Johnston, J. C., & Ruthruff, E. (2001). Attention and performance. Annual Review of Psychology, 52, 
629-651. http://dx.doi.org/10.1146/annurev.psych.52.1.629 

Philibert, I. (2005). Sleep loss and performance in residents and non-physicians: A meta-analytic examination. 
Sleep, 28, 1392-1402.  

Pilcher, J. J., Band, D., Odle-Dusseau, H. N., & Muth, E. R. (2007). Human performance under sustained 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

82 
 

operations and sleep deprivation conditions: Toward a model of controlled attention. Aviation, Space, and 
Environmental Medicine, 78(Suppl.), B15-B24. 

Pilcher, J. J., & Huffcutt, A. I. (1996). Effects of sleep deprivation on performance: A meta-analysis. Sleep, 19, 
318-326. 

Pilcher, J. J., Lambert, B. J., & Huffcutt, A. I. (2000). Differential effects of permanent and rotating shifts on 
self-report sleep length: A meta-analytic review. Sleep, 23, 155-163. 

Pilcher, J. J., McClelland, L. E., Moore, D. D., Haarmann, H., Baron, J., Wallsten, T. S., & McCubbin, J. A. 
(2007). Language performance under sustained work and sleep deprivation conditions. Aviation, Space, and 
Environmental Medicine, 78(Suppl.), B25-B38. 

Pilcher, J. J., Vander Wood, M. A., & O’Connell, K. L. (2011). The effects of extended work under sleep 
deprivation conditions on team-based performance. Ergonomics, 54, 587-596. 
http://dx.doi.org/10.1080/00140139.2011.592599 

Posner, M. I. (1980). Orienting of attention. Quarterly Journal of Experimental Psychology, 32, 3-25. 
http://dx.doi.org/10.1080/00335558008248231 

Rasch, B., & Born, J. (2008). Reactivation and consolidation of memory during sleep. Current Directions in 
Psychological Science, 17, 188-192. http://dx.doi.org/10.1111/j.1467-8721.2008.00572.x 

Reilly, T., & Edwards, B. (2007). Altered sleep-wake cycles and physical performance in athletes. Physiology & 
Behavior, 90, 274-284. http://dx.doi.org/10.1016/j.physbeh.2006.09.017 

Schneider, M. L. de M., Vasconcellos, D. C., Dantas, G., Levandovski, R., Caumo, W., Allebrandt, K. V., Doring, 
M., & Hidalgo, M. P. L. (2011). Morning-eveningness, use of stimulants, and minor psychiatric disorders 
among undergraduate students. International Journal of Psychology, 46, 18-23. 
http://dx.doi.org/10.1080/00207594.2010.513414 

Smith, M. E., McEvoy, L. K., & Gevins, A. (2002). The impact of moderate sleep loss on neurophysiologic 
signals during working-memory task performance. Sleep, 25, 784-794. 

Sturm, W., & Willmes, K. (2001). On the functional neuroanatomy of intrinsic and phasic alertness. NeuroImage, 
14, S76-S84. http://dx.doi.org/10.1006/nimg.2001.0839 

Thomas, M., Sing, H., Belenky, G., Holcomb, H., Mayberg, H., Dannals, R., Wagner, H., Thorne, D., Popp, K., 
Rowland, L., Welsh, A., Balwinski, S., & Redmond, D. (2000). Neural basis of alertness and cognitive 
performance impairments during sleepiness. I. Effects of 24 h of sleep deprivation on waking human 
regional brain activity. Journal of Sleep Research, 9, 335-352. 
http://dx.doi.org/10.1046/j.1365-2869.2000.00225.x 

Thomas, M. L., Sing, H. C., Belenky, G., Holcomb, H. H., Mayberg, H. S., Dannals, R. F., Wagner, H. N., 
Thorne, D. R., Popp, K. A., Rowland, L. M., Welsh, A. B., Balwinski, S. M., & Redmond, D. P. (2003). 
Neural basis of alertness and cognitive performance impairments during sleepiness. II. Effects of 48 and 72 
h of sleep deprivation on waking human regional brain activity. Thalamus & Related Systems, 2, 199-229. 

Trew, A., Searles, B., Smith, T., & Darling, E. M. (2011). Fatigue and extended work hours among 
cardiovascular perfusionists: 2010 survey. Perfusion, 26, 361-370. 
http://dx.doi.org/10.1177/0267659111409278 

Trice, H. M., & Steele, P. D. (1995). Impairment testing: Issues and convergence with employees assistance 
programs. Journal of Drug Issues, 25, 471-503. 

Van Dongen, H. P., Baynard, M. D., Maislin, G., & Dinges, D. F. (2004). Systematic interindividual differences 
in neurobehavioral impairment from sleep loss: Evidence of trait-like differential vulnerability. Sleep, 27, 
423-433. 

Vohs, K. D., & Heatherton, T. F. (2000). Self-regulatory failure: A resource depletion approach. Psychological 
Science, 11, 249-254. http://dx.doi.org/10.1111/1467-9280.00250 

Walker, A. D., Muth, E. R., Odle-Dusseau, H. N., Moore, D. D., & Pilcher, J. J. (2009). The effects of 28 hours 
of sleep deprivation on respiratory sinus arrhythmia during tasks with low and high controlled attention 
demands. Psychophysiology, 46, 217-224. http://dx.doi.org/10.1111/j.1469-8986.2008.00718.x 

Wilkinson, R. T. (1961). Interaction of lack of sleep with knowledge of results, repeated testing, and individual 
differences. Journal of Psychology, 62, 263-271. 



www.ccsenet.org/ijps International Journal of Psychological Studies Vol. 5, No. 3; 2013 

83 
 

Williamson, A. M., & Feyer, A. (2000). Moderate sleep deprivation produces impairments in cognitive and 
motor performance equivalent to legally prescribed levels of alcohol intoxication. Occupational and 
Environmental Medicine, 57, 649-655. http://dx.doi.org/10.1136/oem.57.10.649 

Williamson, A. M., Feyer, A., Mattick, R. P., Friswell, R., & Finlay-Brown, S. (2001). Developing measures of 
fatigue using an alcohol comparison to validate the effects of fatigue on performance. Accident Analysis and 
Prevention, 33, 313-326. http://dx.doi.org/10.1016/S0001-4575(00)00045-2 

Wimmer, F., Hoffman, R. F., Bonato, R. A., & Moffitt, A. R. (1992). The effects of sleep deprivation on 
divergent thinking and attention processes. Journal of Sleep Research, 1, 223-230. 
http://dx.doi.org/10.1111/j.1365-2869.1992.tb00043.x 

Yantis, S., & Hillstrom, A. (1994). Stimulus-driven attentional capture: Evidence from equiluminant visual 
objects. Journal of Experimental Psychology: Human Perception and Performance, 10, 601-621. 
http://dx.doi.org/10.1037/0096-1523.10.5.601 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 

 


