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Factoring Fatigue into Police Deadly Force Encounters:
Decision Making and Reaction Time
By David M. Blake
Significant evidence exists demonstrating the negative impact of fatigue on human cognitive
performance in such areas as decision making, reaction times, and memory. Law enforcement
studies have shown that officers suffer from high levels of fatigue from lack of sleep, unusual
shift schedules, and exorbitant hours awake; however, little empirical evidence exists directly
relating the effects of fatigue to individual officer performance in police specific tasks,
particularly performance in deadly force situations. The current study (N=53) examined effects
of fatigue, including total time awake (TTA), shift work, hours slept, and subjective sleep
quality, on officers’ decision making and reaction times when presented with simulated
shoot/don’t shoot and ambiguous target paradigms. The author of this study hypothesized that
fatigue would negatively impact officers’ accuracy of decision making and reaction times. The
hypothesis was confirmed, in that many of the fatigue measures correlated significantly with
decreases in decision making in the deadly force simulations and with increased reaction time.
Specifically, poor sleep quality, greater TTA more days worked, and working night or swing
shifts all decreased the accuracy of officers’ decision making, especially when officers were
presented with no-shoot and ambiguous scenarios. Greater TTA, more days worked, and
working swing shifts also increased officers’ reaction times during these deadly force
simulations. Finally, the effects of fatigue also increased throughout each work day, with

officers’ reaction times increasing consistently from their pre-shift assessment to their post-shift
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assessment. These findings have significant implications for police performance in deadly force
encounters, training, and scheduling
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Factoring Fatigue into Police Deadly Force Encounters:
Decision Making and Reaction Time

A simple click of the mouse button while searching through hundreds of YouTube videos
can provide single dimensional eyewitness views of United States law enforcement officers in a
multitude of unusual and deadly situations. The most intriguing ones revolve around officers’
decision-making during rapidly evolving, dynamic, and highly stressful incidents. Unfortunately,
some of these incidents, about 0.2%, result in an officer’s most powerful and devastating
decision, the decision to use deadly force (Adams et al., 1999). Also unfortunate is how society,
through the media, can sometimes misjudge these encounters based on limited information
(Adams et al., 1999; Johnson, 2007; Sharp & Hess, 2008).

Understanding police use of force in today’s culture of unrelenting media access and
personal video devices may require a paradigm shift in how society looks at those who protect
and serve. As police are often held to scientifically deduced ideal human performance standards
that may be unattainable in real life encounters, they may be perceived as racist, overly
aggressive, or even murderous when they fail to meet these standards (Johnson, 2007; Lewinski
& Honig, 2008; Sharp & Hess, 2008). The idea of fallibility through human performance error is
rarely considered or accepted when an officer uses lethal force. One could argue that social
judgment should, and legal judgment must be derived from solid empirical evidence. This
evidence would do well to provide a full accounting of all the human factors involved, the
context within which a specific situation exists, along with close attention to the applicable
written legal codes.

To begin this accounting, one must compile a basic understanding of the aspects involved

in a use of force incident and how they pertain to the perspective of the officer. This journey may
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begin in the legal realm. Miller (n.d.), Branch Chief within the Legal Division of the Federal
Law Enforcement Training Center (FLETC), states that assessment of a police officer’s use of
force is generally based upon the 1989 Supreme Court decision, Graham v. Connor (1989). In
brief, the decision provides that an officer’s use of force in any 4™ amendment seizure, i.e., an
arrest or detention, should be judged based on an objective reasonableness standard. The Court
went on to define the objective reasonableness standard as follows; “Would another similarly
experienced officer in a similar situation, utilize a similar amount of force while under split
second timing restrictions and operating in “tense, uncertain, and rapidly evolving
circumstances?” (Graham v. Connor, 1989, p.1).

The Supreme Court in Graham provided the legal backdrop for a fair and balanced
approach by which police use of force can be judged. However, to truly understand the event as
it was experienced by the officer involved, human factors relating to subjective perspective must
be introduced. Yet significant uncertainty exists concerning the human factors that officers may
have experienced, are able to testify about, or even know to exist within the situation. The
aspects of rapidly evolving violent encounters from the perspective of an involved police officer
are unique and have not been previously been studied with the detail necessary to fully
understand them. Cognitive psychology and the study of human factors in use of force
encounters are just beginning to close the gap of understanding (Honig & Lewinski, 2009).

Recent research provided insight into how officers on the same scene might provide
differing accounts of an incident, how officers vary in threat perception, and even how they
might justifiably shoot a suspect in the back (Lewinski & Hudson, 2003: Lewinski & Honig,
2008; Lewinski & Redmann, 2009; Blair et al., 2011). Take for instance the case of Randall

Carr, who was shot and killed after a deadly altercation with police officers. The location of the
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fatal wound was questioned because its placement in the buttocks ensured Carr was no longer a
threat when shot by officers. Ultimately, Dr. William Lewinski of the Force Science Institute
was able to adequately explain the human dynamics behind the incident and the officers were
exonerated by a jury (Force Science Institute, 2005). His breakthrough research into the
dynamics of police involved shootings demonstrated the fluidity of a gunfight and provided an
officer’s “stop shooting” reaction times which could result in a suspect justifiably being shot in
the back (Lewinski, 2000). Without Lewinski’s research into the human factors of use of force
encounters, the officers may have been held accountable for what appeared to be an unjustifiable
shooting; when in fact they were simply operating within the confines of human performance.
One human factor that has been ignored for too long in policing is fatigue. Shift work,
court appearances, special assignments, and long hours officers usually work have been
suggested as contributing factors to human error (Vila, Kenney, Morrison, & Reuland, 2000).
The concept of fatigue is closely linked to sleep deprivation and these labels are often used
synonymously (Samkoff & Jacques, 1991; Sundelin et al., 2013). A depth of research exists in
the area of sleep deprivation (SD) as it applies to several occupations, including policing; but its
application to specific police tasks has been rather limited. Many of the other occupations impact
public safety, and have been mandated to have rest periods (Senjo, 2011). Policing, which
appears to have some of the poorest of working conditions in regard to sleep (Senjo, 2011; Vila
et al., 2000), does not benefit from such mandates. In fact, little regard is given to the many sleep
disturbances officers’ experience. SD is often deemed just “part of the job” (Vila et al., 2000).
Bonnet and Arand (1995) discussed in great detail what constitutes adequate sleep in
their literature review. The first prominent point they make pertains to today’s society being

chronically sleep-deprived (sleep loss > 1 hour nightly). They support an 8.5 hour standard as
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being optimal, and demonstrate that nightly sleep lengths of 7.2-7.4 hours are deficient. The
authors stated that chronic sleep deprivation of less than 6.5 hours is potentially disastrous in
regard to human performance.

One should take a closer look at some nuances of sleep deprivation, because it may have
different meanings depending on the type of study involved. Following the definition supported
by lead researchers (Durmer & Dinges, 2005; Lim & Dinges, 2010, Dinges, Rogers & Baynard,
n.d.), sleep deprivation is simply a restriction of a subject’s sleep to less than their usual amount
within any 24 hour period. Sleep deprivation can be as minor as restricting a subject to 7 hours of
sleep nightly, which is the starting point for deficiencies in cognitive performance. (Dinges,
Rogers, & Baynard, n.d.).

The US Department of Health and Human Services (DHHS, 2012) discusses the need to
combat SD through maintaining regularly scheduled sleep habits of 7 to 8 hours daily for most
adults. Studies show that SD leads to problems in many areas of human functioning, the most
notable being deficits in decision making, problem solving, attention, reaction time (RT), and
emotional control (Vila et al, 2000; Durmer & Dinges, 2005; Rajaratnam et al., 2011). Sadly,
proof of the DHHS’s pronouncements has been provided by the National Highway
Transportation Safety Administration’s (NHTSA, 1996) report of a yearly average of 56,000
traffic collisions resulting in 1,550 fatalities occurring due to driver fatigue. The NHTSA
provides the main characteristics of fatigued drivers as having increased reaction times, attention
deficits, and a decreased ability to process information.

Durmer and Dinges (2005) performed an extensive meta-analysis of the consequences of
SD. Their review began by discussing the many vehicle-related accidents which occur as a result

of fatigue. The research suggests an analogy between fatigued driver performance and that of
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alcohol impaired drivers. Studies have showed that drivers who are awake for 17 - 19 hours
operate a motor vehicle with similar psychomotor skills as those with blood alcohol content
(BAC) between 0.05% and 0.1%, with 0.08% being the typical legal definition of driving while
intoxicated (NHTSA, 2006).

Bryan Vila, Director of the Simulated Hazardous Operational Task Laboratory at the
Washington State University Sleep and Performance Research Center, and his colleagues have
conducted studies on police SD, which showed that 53% of US police officers receive less than
the mean amount of sleep needed per night (Vila et al., 2000). Study results showed that 18% of
officers experienced fatigue and a lack of motivation, as well another 16% who stated they had
trouble simply staying awake on the job. Performance issues related to this study were noted in
the areas of reduced patience, diminished decision making capacity, decreased alertness, and
slower response times (Vila et al., 2000).

Neylan et al. (2002) conducted a study comparing subjective sleep quality in police
officers; examining the effects of trauma exposure (critical incidents) and non-police routine
organizational stressors. The findings showed that although officers suffer from trauma related
nightmares, the most significant aspect affecting sleep quality was based in the routine stressors
experienced within the non-trauma related work environment.

Senjo (2011) researched 15 Western state law enforcement agencies in the U.S. The
study provided self-reported sleep needs of 7 to 9 hours a night by 70% of the responding
officers. However, two-thirds of the 70% reported actual completed sleep ranging between 3 and
6 hours. Issues such as shift-work, overtime, secondary employment, and others were listed as

reasons for officers having insufficient sleep.
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Rajaratnam et al. (2011) conducted a critical study of 4,957 police officers from across
the U.S. and Canada. The research involved both online surveys and onsite interviews. Results
showed that 40% of those tested suffered from at least one sleep disorder. Of those suffering
from a sleep disorder, 6.5% suffered from moderate to severe insomnia and 5.4% tested positive
for shift work disorder (Rajaratnam et al., 2011). Results also showed that those who suffered
from sleep disorders more often reported having made administrative errors, falling asleep while
driving, and committing safety violations due to fatigue.

Beyond the previously discussed fatigue issues is the concept of chronic partial sleep
loss, often called sleep debt, which has also been shown to affect alertness and performance
(Barger, Lockley, Rajaratnam, & Landrigan, 2009). Sleep debt is often discussed in terms of its
cumulative effect. Using a simple example, cumulative sleep debt is the total amount of time,
typically measured in hours, over a specified period in which the required sleep was not
achieved. Van Dongen, Maislin, Mullington, & Dinges (2003) conducted a study restricting the
sleep of 48 participants to either 6 hours or 4 hours over 14 days. Tests such as the Psychomotor
Vigilance Test (PVT; Dinges & Basner, 2011) and the Stanford Sleepiness Scale (SSS; Hoddes
et al., 1973) were administered. The PVT measures alertness through required sustained attention
while requiring quick reactions to random stimuli; it has been deemed highly reliable with test
results comparable to real world behaviors (Dorrian, Rogers, & Dinges, n.d.). The SSS is a
subjective test with demonstrated validity that can reliably determine levels of sleepiness in an
individual. The results of the SSS have been found to correspond significantly with performance
on tasks related to SD (Hoddes, Zarcone, Smythe, Phillips, & Dement, 1973). Within this sleep
study, significant differences existed in both the 6 and 4 hour sleep groups in comparison to the 8

hour group, indicating deficits for the 4 and 6 hour groups. Of importance for this study was the
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result showing that sleep restriction to 4 hours over 14 days resulted in working memory and
alertness levels equivalent to those in persons who had not slept for two days. Those in the 6
hour group showed deficits comparable to 1 day without sleep. Thus, the empirical evidence
from this study, combined with the BAC comparisons, suggest that persons who suffer from
chronic cumulative sleep debt could be functionally equivalent to highly intoxicated individuals.

Another study concerning cumulative sleep debt shows that even minor restrictions, such
as 1 hour per night, can cause performance deficiency (Belenky et al., 2003). Belenky et al.
(2003) conducted a study in which 66 participants were sleep deprived at levels from 3 to 7
hours over 7 days. The study utilized the PVT and SSS to measure sleepiness and performance 4
times per day. Although the 7 hour group did not report having increased sleepiness (SSS), they
did show significant decreases in RT performance within PVT results.

Couyoumdjian et al. (2009) discussed real world decision making by considering the
circumstantial uniqueness in which decisions often occur. Some circumstances, such as those of
policing, require innovative thinking, distraction avoidance, ignoring irrelevant stimuli, and
following unfolding events, all of which are negatively impacted by SD. These executive level
functions were assessed through a task switching stimulus test. The results indicated that 1 night
of total SD negatively impacted the participants’ ability to shift between 2 different cognitive
tasks. This information is significant in that officers are often required to switch between tasks,
especially in use of force situations.

From the available literature, there is little doubt that police officers work within a SD
occupation and are ultimately exposed to SD at levels which have adverse effects on human
performance (Ahola & Polo-Kantola, 2007; Antal, 1975; Barger et al., 2009; Couyoumdjian et

al., 2009; Durmer & Dinges, 2005; Edwards & Waterhouse, 2009; Lewinski & Honig, 2008;
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NHTSA, 1996; O’Brien et al., 2012; Rajaratnam et al., 2011; Senjo, 2011; Vila et al., 2000).
Nevertheless, the specificity of research into fatigue and police performance with the use of
firearms, i.e., deadly force, is lacking. A few studies are suggestive, however.

Edwards and Waterhouse (2009) conducted an experiment showing the effects of SD on
the ability to throw darts. This study provided intriguing results because of its simplicity and the
demonstrated effects of relatively little SD. Sixty participants were deprived of 4 hours sleep on
just 1 night and then asked to throw darts at a dart board. Deficiencies were noted in accuracy
and reliability. These deficiencies increased as the subjects were tested over a span of several
hours after awakening.

Antal (1975) conducted a study of circadian rhythm disruption and its effects upon
competitive shooters. Although his data is rudimentary and provides no specific hours of SD or
levels of fatigue, he shows a correlation between the interruption of natural sleep cycles and
accuracy with firearms. His study reported that shooters with SD suffered from an inability to
concentrate, complaints of fatigue, and a lack of vitality. Another study involving SD of 22 hours
on a range of shooting skills was completed with a group of 20 military subjects. The study
revolved around the effects of caffeine and performance, but provided solid SD data in several
areas. This military study concluded SD causes deficits in RT to engagement and accuracy of
shot placement (Tikuisis, Keefe, McLellan, & Kamimori, 2004).

The effect of SD on human beings operating in various environments appears clear. A
stack of empirical evidence shows lack of sleep causes poor attention, errors in judgment and
decision making, as well as a slowing of reaction times. There also exists a rather convincing
amount of evidence indicating that SD exists at significant levels within law enforcement. The

last dot to connect is between the stated effects of SD and police use of deadly force incidents.
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Bill Lewinski of the Force Science Institute has collected scientific studies and discussion papers
suggesting such a link. Based on reviews, Lewinski and Honig (2008) summarize many of the
human cognitive dynamics of police use of force encounters and point to attention, perception,
decision-making, pattern recognition, and action/reaction time as having much to do with
officers’ successfully overcoming violent encounters and making correct decisions. Importantly,
these very cognitive functions are negatively affected by SD (Alhola & Polo-Kantola, 2007;
Barger et al, 2009; Couyoumdjian et al., 2009; Van Dongen et al. 2003).

Thus, a confluence of research in the areas of SD, SD in policing, and use of force,
provides a glimpse of the potential deadly consequences created by a combination of SD driven
factors. SD is prevalent in policing, yet the very cognitive functions that are so necessary to
attending to and ultimately making the correct decision in use of force environments are
decreased by SD. The need to more carefully examine the association between use of force
decision making and SD is therefore surely necessary. Similar research specific to other
professions has revealed serious deficiencies, prompting laws and regulations governing these
fields (NHTSA, 1996).

The literature review provided empirical evidence to support the following hypothesis,
which is addressed in the current research investigation. To begin, police officers’ job demands
likely create an environment of SD through several means, most prominently the disruption of
the circadian rhythm resulting from shift work, a continuously accumulating sleep deficit, and
excessive total hours awake. Overall cognitive abilities in the areas of information processing,
decision-making, reaction time, and attention are negatively affected by SD. Thus, it is
hypothesized that these effects of SD will have a negative impact on officers’ decision making

capabilities during shoot/don’t shoot scenarios. Specifically, reaction time has been found to be
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negatively impacted by SD and is expected to be affected in this study through slower reaction

times to shoot/don’t shoot scenarios among officers experiencing SD, with officers’ ability to

react quickly to perceived threats and to correctly identify a shoot target being decreased by SD.
Methods

Participants

Participants were (N = 53) police officers from several national police departments: 50
men and 3 women, ages 25 to 54, M =40 (7.8) years. Due to the specialized nature of this study,
participants were all experienced police officers having completed basic police and recurring in-
service training concerning police use of deadly force. Participating officers were sampled from
all shifts: Day Shift, n = 17; Swing Shift, n = 21; Night Shift, n = 15. Following other studies on
SD, participants were aware of the purpose of the study, as it has been determined such studies
are valid under these conditions (e.g., Edwards & Waterhouse, 2009; Tikusis, Keefe, McLellan,
& Kamimori, 2004; Williamson & Feyer, 2000).

An additional and separate sample (N = 277) of police officers from across the country
completed a ten question online Fatigue Survey. The participants were gathered from electronic
posts in police specific online groups, such as the California Association of Force Instructors,
Law Enforcement Professionals, and the Officer Involved Use of Force Group, which are all
hosted by LinkedIn, www.linkedin.com, professional networking website. To protect the
anonymity of these officers and encourage their honesty about a potentially difficult subject, the
effects of fatigue on their own police work, absolutely no descriptive information about the
participants was collected.

Procedure
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An online electronic platform was created based on previous studies and validated
measures. The online platform was named the Thesis Computer Program (TCP) and has built in
parameters to compensate for the lack of an in-laboratory testing environment. These parameters
ensured participants logged in as required, completed all prescribed tests, and completed those
tests within specified limits. The TCP’s design favored validity over user friendliness to provide
the best outside of laboratory results.

Prior to engaging in the study, participants were provided an overview of the purpose of
the study and introduced to its methodology; see appendix A-1. An online introduction to the
TCP followed, where in depth instructions and screen shots were provided; see appendix A-2.
All information provided prior to testing remained available to participants throughout the
duration of the study. Additionally, participants had continued access to the facilitator to answer
questions or resolve issues.

Participants were provided a URL which allowed them access to the TCP online. Upon
entering the site, participants were required to create an account using a typical password and
username security combination. The registration process included a request for certain non-
identifying personal information, such as age, gender, shifts worked, and days in the workweek.
Although all areas listed were self-explanatory, the wide range of shift definitions across law
enforcement required independent definitions of day, swing, and night shifts. Day shift was
defined as most duty hours during daylight. Swing shift was defined as half duty hours in
daylight and half during darkness. Night shift was defined as most duty hours during darkness.

During the registration process, the consent form was displayed on the page and
participants were unable to register without selecting a “consent/register’” button, allowing them

to move forward. Participants received a validation email to the address they provided and were
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required to activate their accounts through a link provided to that email account. Activating the
account allowed participants access to the task sections of the TCP.

Once registered, participants were asked to log into the TCP at the beginning of their duty
week. They were required to log in as close to the beginning and end of each individual work
shift as possible. Strict adherence to the research design was required and participants were
aware of parameters invalidating any improper actions or inputs by the user. Participants
understood that a failure to complete all tests on all logins would result in nullifying that days
data.

The TCP itself adhered to a very strict set of guidelines which allowed users little leeway
to operate outside its design. Participants were guided step by step through the online testing
platform by displayed instructions as well as automated movement to the next task after the
former task was completed. The TCP did not allow for log ins outside of certain parameters, such
as a mandated 8 hours between shifts or a requirement to log in for post-shift tasks within 24
hours of the pre-shift log in. Participants were unable to log in for post-shift task completion
without having first signed in for pre-shift completion.

Sleep diary. The first task required for each log in to the TCP was the completion of a
sleep diary. Participants completed a sleep diary for the 3 days prior and all 4 days of the testing
cycle. The sleep diary required the participants to enter the time they awoke each day, the total
hours of sleep prior to waking that day, and their opinion about the quality of their sleep.

Due to the subjective nature of asking participants whether or not they had a good or bad
night’s sleep, the TCP defined each category. A good sleep cycle was defined as an
“uninterrupted sleep cycle while awakening well rested”. A bad sleep cycle was defined as an

“interrupted sleep cycle while awakening poorly rested”. These definitions appeared on each log
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in to ensure consistency and validity. The TCP sleep diary task provided drop down menus or
restricted data entry points (e.g., HH:MM) for each required response, ensuring only the correct
type of answer was provided; see appendix A-2.

The sleep diary information was requested for several reasons. The first is its ability to
provide a static picture of changes in sleep patterns between duty days and non-duty days.
Additionally, time awake, hours slept, and sleep quality are all key points of correlation to the
performance tasks within the study, and allow a determination of whether or not these factors
have any effect on reaction times or decision making (Dinges et al., 1997; Lim & Dinges, 2010).

Epworth Sleepiness Scale (ESS). Participants were asked to complete the ESS daily
during both pre-shift and post-shift log ins to the TCP. Johns (1999) studied various sleepiness
scales and demonstrated the ESS as the most valid and reliable test available for measuring the
appropriate amount of sleep. This self-administered questionnaire (ESS) provides empirical
evidence of whether or not test subjects are fatigued. The instructions for the ESS are very
specific, yet simple, requiring participants to subjectively rate their potential for “dozing” under
a series of 8 conditions. These standardized instructions were provided in two places within the
TCP as well as reprinted on the TCP’s ESS data input page. Additionally, input selections were
limited by drop down menus to the standardized ESS responses. The drop down menus were an
additional method of ensuring validity in the responses provided; see appendix A-2.

Psychomotor Vigilance Task (PVT). The PVT has been mentioned often as a prevalent
and simple testing measure to determine the effects of sleep loss upon reaction speed and lapses
(Alhola & Polo-Kantola, 2007; Dinges & Basner, 2012). Gartenberg and Parasuraman (2010)
conducted a study testing the validity of a shortened “reaction test” using the Iphone/Ipad

platform, with the application titled Mind Metrics. The study provided evidence of validity in
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using this 3 minute form of the PVT. Additionally, other shorter duration PVT tests, i.e., 3t0 5
minutes, have demonstrated validity (Dinges & Basner, 2012). The TCP included a version of
the 3 minute PVT due to the amount of required testing sessions and the total time required per
log in session.

Participants were required to complete the PVT daily during both the pre-shift and post-
shift log ins. Specific instructions were provided to participants to ensure strict adherence to the
PVT methods; see appendix A-2. These instructions were provided within the computer program
and had to be viewed before each test began. To ensure validity, participants were required to use
their dominant hand middle finger to perform the test. The hand was required to be static,
positioned just below the keyboard, helping to standardize the distance the middle finger would
be from the data input device, which was the space bar. This method enhanced both within
subject and between subject validity. In addition to the physical restrictions asked of the
participants, the PVT had restrictions on acceptable reaction time results. The PVT does not
accept RT scores faster than 100ms or slower than 1500ms to further ensure validity of captured
data. The reaction time parameters are similar to other studies measuring RT under similar
circumstances (Adam, Bays, & Husain, 2011; Basner & Dinges, 2011; Baumann & DeSteno,
2010; Correll et al., 2007; Gartenberg & Parasuraman, 2010; Lewinski & Hudson, 2003).

Shoot/Don’t Shoot Situations (SDS). Correll et al. (2007) tested police use of force
decision making on several occasions through the use of Shoot/Don’t Shoot (SDS) computer
analysis. The studies used a computer based simulation displaying photographs of armed or
unarmed subjects in various settings. The photographs remained on the screen for a short period
of time, between 500 and 850 ms, and were intended to elicit shoot or don’t shoot decisions from

the subjects. Points were added and subtracted based upon the decisions made by the subjects.
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Using similar methodology, a SDS process was incorporated into the TCP. The process,
similar to Correll et al. (2007), records data from SDS displays and participant inputs regarding
reaction time and decision making in response to the stimulus photo. Due to the different nature
of measurements within this project, a minor change in the SDS platform from Correll et al.
(2007) was required, as follows. Police officers spend a sizable portion of their day involved in
low stress tasks, but when necessary they are required to switch to aroused status in reaction to
threatening stimuli; e.g., from report writing to a radio call of an in-progress crime. Likewise,
police shooting situations are often unexpected and occur in confluence with any number of
other low to highly arousing daily duties. To replicate a realistic switch between arousal states,
or at least provide for a realistic cognitive distraction, the TCP displayed a simple math equation
between SDS stimuli. The math questions required the participants to respond by striking the
spacebar for correct answers. The math problem remained on the screen for 2-10s prior to
display of each new SDS stimulus. This intervening math event was not present in Correll et al.
(2007).

Per log in, participants in the current study viewed 12 of 62 randomized and encoded SDS
photographs upon a computer screen: 6 shoot, 3 no-shoot, and 3 ambiguous scenarios. SDS
decisions were made through standard keyboard input used for gaming: A = shoot, L = don’t
shoot. Prior to inclusion, the photographs in this study were reviewed by a panel of tenured
police use of force instructors. Photographs providing other than full agreement by the panel
were deemed ambiguous. Thus, all SDS photographs used have 100% inter-rater reliability by
tenured police use of force instructors, representing definitive shoot or don’t shoot situations, or

ambiguous situations.
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Participants were required to complete the TCP daily during both pre-shift and post-shift
log ins. To avoid practice effects that could degrade the validity of the testing process, 2
procedural actions were put in place. The first was a randomization of the shoot/don’t shoot
photographs as to where each appeared during each session. The randomization of the SDS
scenarios should ensure a lack of familiarity with each stimulus. The second method of avoiding
practice effects is the sheer number of scenario photographs, which were greater than 60. A
random viewing of 12 of 62 photographs over just 4 days should assure a lack of familiarity with
each photograph, as no photograph was likely to appear several times for each officer across the
testing days.

Specific instructions were provided to participants to ensure strict adherence to the TCP’s
parameters; see appendix A-2. These instructions were provided within the computer program
and had to be viewed before each test began. Participants were required to place both hands
below the keyboard in a specific manner while having their “point” fingers hovering above the A
and L keys. In addition to the physical restrictions asked of the participants, the TCP contained
restrictions on acceptable reaction time results. The reaction time parameters selected were
similar to those used in other studies measuring RT under similar circumstances (Adam, Bays, &
Husain, 2011; Basner & Dinges, 2011; Baumann & DeSteno, 2010; Correll et al., 2007;
Gartenberg & Parasuraman, 2010; Lewinski & Hudson, 2003).

Fatigue Survey. A survey created on the SurveyMonkey website contained 10 questions.
Table 7 lists the questions, all based on self-report, related to sleep, performance, and agency
oversight. The answers were limited to, “Yes” or “No”. The purpose was the assess a separate
sample of police officers, untainted by their experiences completing the TCP, and obtain their

personal experiences with and views of the effects of fatigue on their police performance.



FATIGUE IN POLICE DEADLY FORCE ENCOUNTERS 22

Data Handling and Statistical Treatment

Participants were directed to the TCP website to complete their assessments. The TCP
options were set properly to ensure no collection of the participants’ names, police agency
names, and IP addresses. All results were presented in aggregate form to further protect subjects’
identities and confidentiality of information. Data were only accessible through the online TCP
system using a strong password known only to the researcher.

Once the data collection was completed, data were downloaded into MS Excel and then
SPSS, stored only on the researcher and adviser’s laptop computers, and deleted from the online
survey system. The SPSS database used for data analysis was accessible only by using a strong
password known only to the researcher and thesis adviser. Neither dataset contained any coded
identifiers and, as such, both are completely anonymous.

The thesis chair and the student researcher had access to the downloaded SPSS data. The
data were stored on the two computers owned by these individuals. The data resided in separate
Windows folders on each computer, segregated from unrelated files. The two computers were
locked by strong Windows passwords, known only to the computer owners. The data were
retained on these computer systems for the duration of the research, and following completion of
the research, retained on the researcher’s computer for a minimum of five years along with
related files in case questions arise about the analyses. The data set and related files will be
transferred to any future computer owned by the researcher until the five years have expired.
Throughout the study and subsequent five years, the researcher will implement a weekly backup
plan wherein the data set and related files are backed up using a secure online data backup

system. After the five years, the researcher will destroy the SPSS data file using then-current
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Department of Defense data destruction standards. An affordable technique, such as encryption,
will likely be chosen.

The various measures were scored according to published norms. Then, the several
independent variables, which were measures of fatigue, were correlated with the outcomes of the
SDS scenarios, scenario by scenario and in the aggregate. Patterns of correlations were detected
by extracting significant correlations from the correlation matrix and presenting such in tabular
format. Because the direction of each correlation was predicted by the hypotheses in the study,

alpha levels were one-tailed, set at p <.10 for significance.

Results

In response to requests for participants printed in the Police One Magazine and the Force
Science Institute Newsletter, 53 subjects completed the study. It is not possible to know how
many subjects actually saw the research announcement in these 2 venues; as such, response rate
cannot be calculated for this study. To protect subjects’ anonymity, minimal sociodemographic
data was collected; it appears in Table 1. Mean subject age was 40; most subjects were men.
Table 1 also reveals that subjects were fairly evenly distributed among the three typical shifts
worked in policing: Days, n = 17; Swings, n = 21; Nights, n = 15. As expected, participants slept
more hours on off-duty days than on-duty days; M = 6.8 hours vs. 6.4 hours. Participants were
awake between 15 and 17 hours at the completion of each duty day; see Table 1 for details.
Instrument Validity

Correlations for day 1 were computed to determine instrument validity. A sizable
number of significant correlations occurred in the predicted direction; see Table 6. Those

correlations were moderate for SQ and ESS, moderate to strong for PVT and SDS RTs, and
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strong for ESS and SDS RTs. Aggregate means for the ESS and PVT over the course of the
study also showed movement in the predicted direction. Table 6 demonstrates that subjective
reporting of fatigue increased from pre-shift to post-shift; ESS pre-shift, M = 6 (4.83), and post-
shift, M = 11 (6.27). Likewise, RT increased from pre-shift to post-shift; PVT pre-shift, M = 414
(63) ms, and post-shift, M = 461 (87) ms. Table 6 includes data showing daily increases in PVT
RT on all but one (day 4 post-shift) for both pre-shift and post-shift. These results suggest good
predictive validity for the TCP instrument.

Decision Making (DM)

Table 2 displays the coefficients of all significant DM (shoot, don’t shoot, or ambiguous)
correlations and the number of significant correlations occurring in the predicted direction for
each independent variable and the several DM outcome variables. Subjective reports of sleep
quality (SQ) yielded 20 significant correlations in the direction of prediction over the course of 4
days. Days 1 and 4 provided the strongest correlations (>.41), with days 2 and 3 providing
moderate correlations (.26 - .40). Total time awake (TTA) yielded 14 significant correlations in
the direction of prediction on days 3 and 4, with day 3 providing the strongest significant
correlations (e.g., .727).

Table 3 displays the type of significant DM correlations, i.e., shoot, don’t shoot, or
ambiguous. Total time awake (TTA) and SQ produced 6 significant results in the shoot
scenarios. TTA and SQ produced 19 significant no shoot results. TTA and SQ produced 12
significant results among the ambiguous scenarios.

Reaction Times (RT)
Table 4 displays the coefficients of all significant RT correlations and the number of

significant correlations occurring in the direction of prediction. TTA in relation to RT yielded 9
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significant correlations in the direction of prediction. Days 2 and 4 produced strong correlations
(>.41), but day 3 produced weak correlations (< .20). The work shift assigned showed strong
correlations on day 4, with 3 significant correlations occurring in the direction of prediction. The
total days worked also had 1 significant correlation moving in the predicted direction on day 4.
Both work shift and days worked correlations were strong (>.41).

Table 5 displays the mean RT for the SDS with all RTs moving in the direction of
prediction. SDS RT increased from pre-shift to post-shift on day 1; for SDS pre-shift, M = 719
(29) ms, and post-shift, M = 767 (30) ms. SDS RT increased from pre-shift to post-shift on day
2; for SDS pre-shift, M = 726 (21) ms, and post-shift, M = 738 (33) ms. SDS RT increased from
pre-shift to post-shift on day 3; for SDS pre-shift, M = 705 (28) ms, and post-shift, M = 746 (37)
ms. SDS RT increased from pre-shift to post-shift on day 4; for SDS pre-shift, M = 683 (20) ms,
and post-shift, M = 729 (38) ms. Aggregate mean RT for the SDS from day 1 to day 4 increased
between pre-shift and post-shift; for aggregate pre-shift, M = 709 (20) ms, and post-shift, M =
745 (16) ms.

Fatigue Survey

Table 7 presents the results of the fatigue survey. Most, 74%, of respondents believed
that shift work interferes with their ability to achieve a good night’s rest. Most, 82%, said they
had different sleep habits on and off duty, with 68% stating they slept better on their days off.
The vast majority, 93%, said they perform better with more sleep, and 69% of respondents
pointed to lack of sleep as a causal factor in one or more mistakes or errors which they had made
while working. About half of the respondents said they require 8 hours of sleep for optimal
performance, with a minority, 41%, believing they can perform adequately regardless of how

many hours they are awake. Almost all, 92%, believed that the law enforcement career field does
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not adequately concern itself with safety issues arising from sleep deprivation. Likewise, 95% of
respondents stated that police departments need to formally explore the impact of sleep
deprivation on officer performance. A mere 12% of respondents did not want to explore sleep
deprivation research within law enforcement due to concerns about changes in scheduling or
limitations on overtime.

Discussion

The author of this study hypothesized that SD would negatively impact officers’ accuracy
of decision making during shoot/don’t shoot scenarios as well as their reaction times in such
scenarios. This hypothesis appears to be amply confirmed by the results of the present study,
because many of the measures of fatigue correlated strongly with decreases in decision making
in the deadly force simulations and with increases in reaction time. Specifically, poor sleep
quality, greater TTA, more days worked, and working night or swing shifts all decreased the
accuracy of officers’ decision making, especially when officers were presented with no-shoot
and ambiguous scenarios. Greater TTA, more days worked, and working night or swing shifts
also increased officers’ reaction times during these deadly force simulations. Finally, the effects
of fatigue also increased throughout each work day, with officers’ reaction times increasing
consistently from their pre-shift assessment to their post-shift assessment.

The body of scientific literature regarding standard sleep requirements, sleep deprivation,
and cumulative sleep debt, along with the effects of these factors on performance, is large and
continues to grow. The primary finding time and again within the literature was the statistically
significant relationship between sleep deprivation and performance, in that sleep deficiency leads

to performance deficiency. The law enforcement field is aware of the deficits from sleep
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deprivation, but never before to the knowledge of this researcher has a sleep related study been
so directed to law enforcement’s most crucial element: the application of deadly force.

The starting point of the discussion revolves around the amount of sleep deprivation
experienced by the participants in this study. Participants were not requested to change sleep
patterns or restrict sleep, as is often the case in sleep related studies. The current study simply
looked at the police officers’ real life data and compared their reported experiences and
assessment results to findings from the existing literature. Therein lay empirical evidence for a
general determination of fatigue’s impact on, and even expectation of, poorer performance
during crisis situations potentially involving deadly force.

The total hours slept data included days off-duty as well as days on-duty to determine
what, if any, change occurred. The results showed that participants had a negative mean change
of 20 minutes between off-duty and on-duty sleep. In this light, it is important to note that the
literature review provided scientific evidence that even minor sleep loss can cause deficiencies in
performance (Belenky et al., 2003; Bonnet & Arand, 1995). That appears to have been the case
with the participants in the present study.

Those same scientific articles point to both sleep deprivation and cumulative sleep debt
as indicators of fatigue and performance deficiencies. The current participants not only received
less sleep than recommended, but also experienced a rather severe cumulative sleep debt over 7
days; 1.5 hours daily x 7 days = 10.5 hours cumulative sleep debt. Here again, the literature
review noted the negative effects of cumulative sleep debt on performance (Barger et al., 2009;
Couyoumdjian et al., 2009; Hoddes et al., 1973; Van Dongen et al., 2003), which was evident in
the present study in that fatigue measures correlated with poor performance and increased

reaction times more during the later days of the officers” workweeks.
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One must also look at the total time awake of the participants to determine whether or not
fatigue is likely to be present. Study participants reported total time awake on the cusp of the
hours scientifically shown to provide performance deficiencies, equivalent to a 0.05% blood
alcohol content (NHTSA, 2006; Senjo & Heward, 2007), with TTA M = 16 hours. Based on
these results, it is empirically evident the current subjects did suffer some level of fatigue.

The present study used two additional scientific measures to assess fatigue and provide
additional validation of the evidence of fatigue discussed thus far. The first method is the well
validated ESS, on which our participants self-reported post-shift mean results indicating
excessive daytime sleepiness; M = 11 (Rajaratnam et al., 2011). This reported level of daytime
sleepiness concurs with the participants’ reported total time awake, hours slept, and sleep debt.
One should note that the most significant change in ESS scores occurred between pre-shift day 1
and post-shift day 3; Day 1 pre-shift ESS, M = 6.5, but Day 3 post-shift ESS M = 12.75.

The well validated PVT was also utilized, providing RT results for all days of the study at
the beginning and end of each duty day. The results indicate that RT increased in the direction of
prediction over the duration of the study; pre-shift PVT, M = 414ms, but post-shift PVT, M =
461ms, an 11% increase in RT. This is further empirical evidence of increased fatigue and a
coinciding performance decrease measured by RT. Coinciding with the ESS and providing
validation to the present method, this PVT increase from pre-shift day 1 to post-shift day 3 was
the most significant change in the direction of prediction. Deficiencies remained on day 4 for
both validated tests, but leveled off as expected, with no increased sleep restriction, similar to
what others have documented (Banks & Dinges, 2007).

Deadly Force and Reaction Times
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Based on the results from the PVT it is clear that RT was affected by increasing levels of
fatigue. However, a corollary question is whether or not those RT deficiencies translated to the
SDS task. Many significant correlations emerged in the predicted direction regarding total time
awake and SDS RT scores. The shift and the number of days worked also negatively affected
SDS RT scores. The correlations between SDS RT and TTA, days worked, and shift worked
strongly suggest that fatigue directly increases an officer’s reaction time to deadly force
decisions, at least in the simulated environment of the present study.

Deadly Force and Decision Making

The data clearly show that subjective SQ and TTA had a great impact on the officers’
ability to decide correctly between the 3 SDS possibilities. It should be noted that the ambiguous
responses were coded so that only a total lack of action impacted the participants’ results
negatively. Although not directly related to the hypothesis of this study, it is important to point
out that decision making on the SDS in fatigue related performance changes were associated
overwhelmingly with the no shoot and ambiguous targets. Likely, the reason for this is due to the
no shoot and ambiguous situations requiring more cognitive processing power than clear shoot
situations using a rule based decision making model (Maddox et al., 2009; Harrison & Horne,
2000).

This is the first time a use of force decision making sleep study has been conducted in
this manner. Specifically, participants were not asked to sleep less or stay awake longer as is
often the practice in sleep related studies. Rather, participants simply worked the shifts and hours
required by their respective agencies. The data supported the hypothesis by showing that fatigue

does appear to affect both deadly force reaction times and decision making.
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One different outcome of the present study is that it did not suggest the extreme effects of
fatigue that have been reported in much larger studies. For example, Rajaratname et al. (2011)
conducted a large study of police officers (N = 4957) in which 40 percent screened positive for a
sleep disorder and about 18% later reported making serious administrative errors. Senjo and
Heward (n.d.) found officers were working significantly longer hours (66-75 hours weekly) and
receiving much less sleep (3-6 hours per night) than was found in the present study. Vila (2000)
conducted a very large study involving several law enforcement agencies and found that 59% of
officers did not sleep an average of 7 or more hours per night, while 16% self-reported trouble
staying awake while driving. If these more extreme sleep deficits are occurring in some police
agencies, in light of the effects of fatigue on deadly force decisions that were revealed in the
present study, these greater amounts of fatigue among some officers would raise a serious
concern about police decision making in deadly force situations.

Fatigue Survey

The survey provided troubling results demonstrating that a very large portion of police
officers believe that the law enforcement industry needs to study the impact of sleep deprivation
on officer performance. Respondents also reported that the law enforcement industry is not
sufficiently concerned with the impact of fatigue on police performance and errors. These results
support the literature review about the negative effects of shift work, changes in sleep patterns,
and the relationship between fatigue, errors, and general job performance, suggesting that most
officers are aware of these issues, contend with them regularly, and would like to see solutions to
prevent deteriorated job performance and errors. The survey also supports the TCP results in
areas such as changes in sleep patterns on and off duty, shift work and fatigue, SDS errors and

slowed RT related to fatigue, and slowed PVT RT based on fatigue, suggesting that police in
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general have an awareness of these factors, are doing their best to compensate for them, and are
requesting assistance in remedying the causes of fatigue.
Validity

Validity concerns in this study were always within the researcher’s purview. The SDS,
although a new measurement device, was based on a similar computer based shoot/don’t shoot
program used in other studies (Correll et al., 2007). The ESS/PVT results complimented those of
the SDS, providing a solid evidence of concurrent validity for the SDS. In addition, both
subjective reporting of fatigue and reaction times increased from pre-shift testing to post-shift
testing, suggesting that the SDS has predictive validity as well.
Limitations

This study entails several limitations. The first limitation is the method of assessment
delivery. The TCP was administered online and outside of tightly controlled laboratory
conditions, allowing for the possibility of minor differences in how tasks were completed. To
compensate, the TCP included photographs and clear instructions, but these do not compete with
the controls available within a laboratory environment. Additionally, due to technical issues with
the TCP, we lost an overwhelming amount of data. A total of 215 participants logged into the
program, but only a subset (N = 53) was actually able to complete the assessment. Most of the
technical issues revolved around compatibility and could have been remedied within a laboratory
environment. Yet these issues have left this investigation with a relatively small sample size. To
protect the anonymity of police officers who volunteered to be in this study, minimal
sociodemographic data were collected. Yet there may be relationships between some
sociodemographic variables and performance. For instance, most participants within this study

were in fact, men. In addition, because a portion of the subjects were unknown to the researcher,
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although unlikely, it is possible that not all subjects were in fact police officers; some subjects’
professional credentials were not possible to verify.
Follow Up

This study applied the findings from previous investigations to the never before tested
area of officer fatigue and decision making/reaction time during deadly force encounters. The
study found, not surprisingly, that even minor amounts of sleep deprivation, decreased sleep
quality, and shift work all have a negative effect upon officers’ speed and ability to make
appropriate decisions in deadly force situations. What may stand out to law enforcement
administrators and policy makers are the relatively low levels of sleep deprivation among the
subjects in this study, which nevertheless were sufficient to cause performance deficits. Several
national studies with larger sample sizes have suggested that officers are typically much more
sleep deprived than the present subjects. As such, the probable impact of fatigue on the outcomes
of deadly force encounters may be a serious concern in the law enforcement community.

Clearly, much larger samples are needed to provide a more detailed investigation of
officers’ sleep habits on and off duty over a longer period of time, and the effects of fatigue on
performance. Tracking for the nature of the sleep disturbances, e.g., court appearances, overtime,
and other work assignments, should be included. A single day’s sleep disturbance could greatly
increase total hours awake and cumulative sleep debt, which both evidenced powerful effects on
decision making and reaction times within the present SDS task. A between subjects comparison
comparing sleep deprived and non-deprived officers’ performance could also be very productive.

Former Police Chief and current sleep researcher, Bryan Vila, has been studying police
officer fatigue for decades. He has established the necessity for changes in the police community

regarding sleep. Vila and Kenney (2002) provided a list of what some of those changes should
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be. They are: 1. Police executives should be concerned with the total number of employee work
hours; 2. Police executive should provide employees a voice in their shift and work hours; 3.
Executives should assess levels of employee fatigue; and, 4. Executives should provide
employees with sleep and fatigue related training to ensure good habits.

The results of the present study suggest that law enforcement executives, risk managers,
and their legal representatives may need to come to terms with the necessity for change within
law enforcement to reduce the adverse effects of fatigue, particularly on the outcome of deadly
force encounters. Ignoring the risks of excessive overtime, randomized shift schedules, and
unforgiving court appearance schedules would appear to be unwise in light of the data. Empirical
evidence published prior to the present study has already shown the negative effects of sleep
deprivation on performance and resulted in legislation and policy changes for some industries
involved in ensuring public safety, such as truck drivers, commercial airline pilots, medical
residents, and air traffic controllers (Arora, 2010; Halsey, 2012; Lockridge, 2014; Trejos, 2014).
Law enforcement’s time to address this long standing issue may be here.

The current study demonstrates agreement with previous sleep deprivation studies in
regard to performance, and builds on these previous investigations by suggesting that sleep
deprivation adversely impacts law enforcement officers” most difficult decision at the moment
officers are faced with deadly force encounters. Just as no law enforcement executive would
place an intoxicated officer on the street, so they may come to understand the dangers of placing
a fatigued officer in the line of duty. Tired cops make inferior decisions and react more slowly,

placing themselves and the public they serve at unnecessary risk.
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A depth of research emists in fie ass of slegp
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Appendix A-1 / Overview

Kaplan University
Overview of Research

Highway ion Safety Administrmtion's
(NHTZA, 1996) report of & vesrly averags of 36,000
traffic collisims sesulting in 1330 fatalities that
acousred dne to driver fatimne The NHTEA provides
the main characteristics of fatigned drivers =
incrazsed seaction times, attention deficits, and a2
dzzraded ability to process information.

Durmer and Dingzs (2005) performed an extensive
metz-anzlysis of he conssquences of 30 The review
begins by discussing the many vehice related
accidents which ocour 25 2 result of fatizne Resserch
sugemsts an analogy  between  fatizned  driver
performance and that of alcohol impaired drivers
Studizs show that drivars who are awake for 16 houss
aparate 2 mator vehicls with similar psychomator
skills 25 thosz with blood zlcokol comtamt (BAC)
berween 005% and 0.1%. with 0.08% bemgz the
typical legl definitim of driving whils intoxicated
(NHT3A, 2008).

Dr. Bryan Vila, Diractor of the 3imulsted Hazardous

mandates In fact, little ramerd is given to the many
slesp disrbances officens’ experience 2D is often
deemed just “part of thejob™ (Vilaetal, 2000).

The US Department of Health and Human Sarvicss
(DHES, 2012 dismsses the ned to combat SD
thrangh maintzining regnlarly schadnled slesp habits
of szven to sizght houss daily for most aduls. Studies
show 3D leads to problems in many arsas of human
functioning. the most motsbls being deficis in
decision making, problem solving, attention, reaction
time, and emationsl conts]. Unformmate proof of the
DHHS's pronomncemants is provided by the Nafonal

Q; i Task Laboratory 2t e Washingron 3tate
University Slesp and Performance Rasearch Center,
has conductsd studiss on police 3D His work
pravides data showing that 53% of US police officars
feceive less than the average amount of sleep nesdad
pernight (Vila etal , 2000). Also within the study 252
results showing that 18% of officens experienced
fatizne and 3 lack of motivation, a5 wdl another 16%
wha stated that they had trouble simply stavinzawake
on the job. Performance issues related to this smdy
warz noted in the arsss of seduced patiemes,
diminished decision making capacity, decrszsed
alernass, and slowss ressponss timss

Zzmjn (2011 seseasched 15 westem stz law
enforcement zsncies. The smdy provided sdf
reparted slesp nesds of seven to nine houss 2 night for
70% of the respanding officers. Vet too-thisds of the
70% reported actnal completed slesp ransing betwesn
thez to six hous. Lsuss such 25 shiftwork, overtime,
secondary employment, and others were listed a5 the
rezsons for officers havinginsufficient slesp.
Bajasatnam atal , (2011) conducsd a exitical study of
4,957 palice officers from zcross the US and Canada
The resezrch invalved both online surveys and on-site
intervises. Results shoo that 40% of thase tested
suffersd from at least one sleep disosder Of those
suffering from 2 slesp disorder, §5% suffered from
moderate to severs insomniz and 3 4% tested positive
for shift work disorder Results dso showed those
who suffered from slesp disorders seported having
made mare administrative srogs, falling aslesp while
driving, and comemitting safety violations duz to
fatime

Beyond the previowly discussad fatisne issues is the
concapt of cheonic partil sleap loss, often called sizep
dedt, which has ako been shown to affect slermess
and peformance (Basger, Locklsy, Bxjamtuam. &
Landsigan. 2009). Van Dangn, Maislin Mollingm,
and Dingss (2003) conductsd a study restricting the
slesp of 48 paticipans to six howss of four houss
Tasts such 2 the Psychomator Vigilance Test FVT)
amd fhe Stemford Slespiness Scale (333) wer
administered. The PVT messuses zlermess through
required sustzined attemtim while requiting quick
reactions 0 andom stimuli; & has beem desmed
highly relishls with test resulis comparshle to seal
world behaviors (Domian, Rogers, & Dinsss, nd).
The 338 i 3 subjective test with demonstrated
validity #at can selisbly determine levels of
slespiness in an individuzl The sesnlts of the 333
have bem found © comespond simmificandy with
performance on tasks r=latzd to 30 (Hoddes, Zarcons,
Smythe, Phillips, & Dement, 1973). Within this slesp
study, sgnificant differsnces existed in both de six
and four hour slesp sroups in comparison @ the sight
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hour group, indicating deficits for the four and six
hour groups. Of imporznce for this srdy was the
result showing slesp sestdction to fowr hours awer
fourteen days resulted i working memony (WAL and
alefimess levels squivalent w those in persons who had
not slept for two days. Thoss in the six hour sroup
showed deficits comparable o ons day without desp.
Ome misht suzzest that these results, combined with
the BAC comparizons, show that persons who suffer
from lack of sleep consistendy could be fanctionaly
compared to 3 leglly intoxicated peson

De Genpang, and Ferrara (2009) discuss rezl world
decision making by considering the ciscumstantial
uniquanss i which decisons often ocour Some
ciroumstances, such z those of polichnz require
inmovaive thinking distractim avoidance, iznosing
imelevant simuli, and following unfolding events, all
of whith a= pegatively impactsd by SD. Thess
executive level fimctions wers tested throush a2 task
switching stimuins r=st The results mdicated that ons
night af totzl S0 negatively impactad the pasticipants’
ahility to shif between two different cosnitive tasls.
This information is simificant in tha officers as
often requissd to switch betwesn tasks, sspecially in
useof force situations.

Thers is litde doubt fhat palice officars work within 2
2D occupation and are ulimately exposed to 3D at
levels which have adverse effects on human
performance {Abgl: & Polo-Ezntalz 2007 Antd,
1975; Barzer et al, 2009 Canyoumdjizp, =t d., 2009;
Dueper & Dingss. 2005 Edwards & Waterhouse,
2009; Lewimki & Hgpiz 2008; NHTSA, 1994
0'Brien et 2, 2012; Bajaratmam ot 2, 2011 Sanjg.
2011; Vila et al, 2000) Neverthelass, the spacificity
of seszarch into fztizue and police performance with
the use of firsanms, {2, deadly force, ds lacking A
few studiss ars sugmsstive, howaver

Edwards & Waterhouse (2009) conducted an
experiment showing the effects of 3D on the ability to
throw darts. This study provided imrisning sesults
beczuse of its smplicity and the demonstrated effects




of selativaly Hrle 3D Sixty patticipants wers
deprivad of four hours sle2p om just ome might and
askad to throw darts st 3 den board D eficiencies were
noted in acowracy and selizhility. These deficiencies
incressed a3 the subject was tested over 2 span of
szverz] houss after awakening

Antzl (1975) condncted 2 swdy of circadan thyhm
dismuption and the ffects upon compatitive shoaters.
Althmzh his datz is mdimentary and provides no
specific hours of 3D or levels of fatizus, he shows 2
compelztion betwesn the mterupfion of namszl
slezping cyeles and zocuszcy with firsszems. His sndy
states fhat the shooters suffered fom an inability to
concentrats, complaints of fatime, and 2 lack of
vitality. Another study involving 50 of 22 houss on 2
ranzz of shooting skilks was completed with 2 zroup
of 20 military subjects. The study rsvalved around the
effects of caffeine and performance, but provided
z0lid S0 datz in several arszs. This military study
concluded 3D camses deficits in seaction timss to
eng= sment and aocurzcy of shot placement { Tiknisis,
Eeefe McLellan & Ezmimori. 2004).

The sffects of 5D on humsn beings operating in
varigus anvironmens appsar claar A stack of
empirical evidence shows lack of slesp cansss poor
attention, errors in judzment and decision making, as
well & 2 slowing of ssaction times. There 2lso exists 2
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offices’ y ing vialemt

and making correct decisions. Importandy, these very
comitive fanctions ars nsmtively affacted throngh
D (Alhals & Palo-Kantala 2007; Barzer eral, 2008,
Caupammdiizn tal, 2009; Van Doggen stal 2003)
A confluence of research in the asess of 5D, 5D in
palicing, and use of force, providss 2 glimpse of the
potandzl  deadly comsequences crested by 2
combination of SD driven factors. ST is prevalent in
policing, yet the very comitive functions that ar= s0
nacessay to attending o and wtimately meking the
cozpect decision in 2 use of fosce envisonment are
decreased by its existence. The need to determine if
and whete 3 line exists in this use of fosee decision
making 5D paradizm i sussly necsssary Bimilar
feszanch specific to other professions has sevesled
sarions i ing laws and r=gulati
Zoveming the fislds (WHTEA, 1994)

The literatuse seview provides empirical svidence to
suppost the following hypothesis, which will be
addressed in the current mssarch invesiztion To
begin, police officers’ job demands likely creste an
environment of 5D through severs] mesns, most
prominently the dismptim of the circadian thyhm
resultnz  from  shift work, 2 continwowly
acoumnlating sleep deficit, and excessive total houss
awake Ovenall comitive shilities in e aress of

sather convincing amount of evidence i ing that
D emists in simificer amouwnts wikin law
enfoscement. The last dat to comsact is betwesm the
stated offerts of 3D and police wss of daadly fasce
incident Lewinskd, of the Force Scisnce Institate has
collected sciemtific studies and discmsion papers
sugsmting such 2 link Basad on their sevigws,
Lewinski and Honis (2008) summarize many of the
human cognitive dynamics of palics use of force
encounters amd point to  attemion, perception,
decision-making,  pattem  reommition,  and
action’reaction time & having much to do with

decisi king, reaciion
time, and atisntion are nemtively affected by SD.
Thus, it is hypothsesized that these effects of 5D will
have 3 nestive impact on officers’ decizion making
capabiliizs during shoot | dom't shoot scemasios
Specifically, reaction time has been found to be
nemtivaly impactad by 3D and 45 expectsd to be
affected in this study through slower reaction times to
shoot / dm't shoot scemarios among officers
experiencing SO, with officers” ability to rsact quickly
to perceived thrests and to comrectly identify a shoat
tarzet beinzdecr=ased by 3D
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Appendix A-2
Kaplan University
Instructions / Screen Shots
“Factoring Fatigue into Police Deadly Force Encounters”

Directions for Participants — Read before signing up
ATTENTION (Before you Sign Up) - ensure you are a patrol officer / supervisor and the day you Sign Up is
your first day back to work (before work). Ensure you have kept a sleep diary for the last 4 days including
today (Time awake, hours slept, quality of sleep (good/poor).

. Sign Up :- please click “sign up” in upper right hand corner (first time only)

Factoring Fatigue into Police Deadly Force Encounters [ Sign Up ] [ Sign In ]

Factoring Fatigue into Police
Deadly Force Encounters

Thesis Computer Program (TCP) Instructions

Thank you for agreeing to participate in this important study concerning the effects of fatigue on police officer performance. Before beginning, please
ensure you have thoroughly read and understand the directions for participants (link below).

Please do not Sign Up before reading the instructions as there are requirements necessary prior to registration.

If you have any questions, please contact the research staff at policeuofstudy@gmail.com (we will respond within 24 hours).

LINKS

*Directions for participants 5Lf§erat|.;(e Ré:vieuk; Researcher Bio
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Create New Account / Consent Form — please fill in blanks and read consent :

Factoring Fatigue into Police Deadly Force Encounters

Create a New Account

Use the form below to create a new account.

Passwords are required to be a minimum of 6 characters in length.

Account Information
User name

Email address

Password

Confirm password

Age

Gender

Years of Police Service

Days in a Workweek

5

Consent Form

Kaplan University

Consent for Participation in Research
“Factoring Fatigue into Police Deadly Force Encounters”

Why am | being asked?

[ Sign Up ][ Sign In ]

You are being asked to be a participant in a research study about the effects of

fatigue on police officers’ abilities to react to deadly force situations. The study is
being conducted by David Blake, a Master’s of Science in Psychology student at
Kaplan University and currently working police officer. You have been asked to

participate in the research because of your current assignment a patrol division and

may be eligible to participate. We ask that you read this form and ask any questions

you may have before agreeing to be in the research.

Your participation in this research is voluntary. Your decision whether or not to
participate will not affect your current or future relations with Kaplan University or
the police department. If you decide to participate, you are free to withdraw at any

time without affecting those relationships.

What is the purpose of this research?
The purpose of this research is:

Unfortunately, the police officer is occasionally forced to make life of death decisions

in the use of deadly force. The nature of these rapidly evolving, dynamic, and violent

confrontations requires attention, cognitive decision-making and psycho-motor

performance to be optimal. Studies have shown that sleep deprivation has negative
effects upon these areas and have also found that policing, specifically, is highly
affected by sleep deprivation, cumulative sleep debt, and fatieue due to shift work

Bv dicking the register button vou are agreeing to the consent form listed above.

I11. Email:

Subject:

a. You will receive a registration email — click link and you will be signed on

Activate your sleepless-in.korlabs.net account - you have 7 days!

Thank you for signing up for the 'Factoring Fatigue into Deadly Force Encounters'. Please click the link below to
activate your account.
http://www.policeuofstudy.com/Account/Activate/Mg=—

If you didn't request this, you don't need to do anything: you won't receive any more email from us, and the account
will expire automatically in seven days.

®
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1V. Sleep Diary: Historical snapshot of last several days sleep pattern.
a. Please fill in highlighted areas with sleep diary information (time awake, total sleep, quality of sleep).
b. Time awake should be time you awoke from longest period of sleep.
¢.  Nap sleep hours should be included in total sleep hours.
d. Note whether sleep was good or poor.

Factoring Fatigue into Police Deadly Force Encounters

1 Sleep Diary

Historical Sleep data

Sleep Diary

Welcome dblakeé6! v [ Log Off ]

Please enter the information requested in the following fields while using the defining criteria below:

Time awake: The time last awoke from the longest period of sleep (not naps).

Total Sleep: Total numbers of hours slept on the date indicated (including naps).

Quality of Sleep: “"Good” equals an uninterrupted sleep cycle and awakening well rested.
“Poor” equals an interrupted sleep cycle and awakening poorly rested.

Feb 22, 2014

Time Awake (24hr)

hhmm

Total Sleep (hours)

= v

Quality of Sleep

Feb 23, 2014

Time Awake (24hr)

hhmm

Total Sleep (hours)

v

Quality of Sleep

- iv

Feb 24, 2014

Time Awake (24hr)

hhmm

Total Sleep (hours)
= v

Quality of Sleep

v

Feb 25, 2014

Time Awake (24hr)

hhmm

Total Sleep (hours)

= v

Quality of Sleep

Y



FATIGUE IN POLICE DEADLY FORCE ENCOUNTERS 48

V. Epworth Sleepiness Scale: The ESS is a scientific tool used to measure your level of sleepiness at the time of
the test.
a. Please answer questions per the instructions on the page.
b. Ensure you answer to the likelihood of falling asleep at the time of answering the questions — whether or
not you have done any of those things recently.

Welcome dblakeé6! v
Epworth Sleepiness Scale

The following questionnaire will help you measure your general level of daytime sleepiness. You are to rate the chance that you would
doze off or fall asleep during different routine daytime situations. Answers to the questions are rated on a reliable scale called the
Epworth Sleepiness Scale (ESS). Each item is rated from 0 to 3: with 0 meaning you would never doze or fall asleep in a given
situation; and 3 meaning that there is a very high chance that you would doze or fall asleep in that situation.

Directions:

How likely are you to doze off or fall asleep in the following situations, in contrast to just feeling tired? Even if you
haven't done some of the activities recently, think about how they would have affected you.

Use this scale to choose the most appropriate number for each situation:

0 = would never doze 1 = slight chance of dozing
2 = moderate chance of dozing 3 = high chance of dozing

It is important that you select a number (0 to 3) for EACH situation.

Sitting and Reading Lying down to rest in the afternoon

— v v

Watching Television Sitting and talking to someone

-------- Y

Sitting inactive in a public place (e.g. theater/meeting)

As a passenger in a car for an hour without a break

Sitting quietly after lunch (with no alcohol)
------ - o

In a car, while stopped in traffic

— v
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V1. Psychomotor Vigilance Task: The PVT is a scientific method of measuring reaction times.
a. Read directions / set hand position / press space bar to begin.
b. A red ball will randomly appear on screen — strike space bar as fast as possible (once) upon seeing the

ball. This will continue for 3 minutes.
Factoring Fatigue into Police Deadly Force Encounters Welcome dblake66! ¥ [ Logout]

1 Sleep Diary ESS PVT

Historical Sleep data Epworth Sleepiness Scale Psychomotor Vigilance Task

Psychomotor Vigilance Task (PVT) Instructions

This test will last for 3 minutes and is designed to test your attention. 3 minutes will seem like forever, but please stay focused for the
duration.

Directions

Place your dominate hand middle finger just below and aligned in the middle of your keyboards space
bar. Ensure the meaty portion of your hand and wrist is on the desk where they need to remain for the
duration of the test(see photo example).

During this task, a red ball will appear on the screen with a countdown timer. Keeping the palm of your
hand on the desk, tap the space bar with your middle finger as quickly as possible every time the red ball
appears. Only tap once each time the ball appears.
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VII. Shoot / Don’t Shoot: The SDS is a scientific method of measuring decision making ability and reaction times.
a. This is a standard shoot / don’t shoot type scenario presentation in which you have a very short amount of time to
react to pictures on the screen.

b. Simple math problem appear in between scenario pictures to replicate a different focus of attention before a use of
deadly force situation might appear.

¢. Read Instructions Carefully — mentally rehearse several times — “A is don’t shoot, L is shoot, Space Bar is a
correct answer”.

d. Press space bar to begin.

Factoring Fatigue into Police Deadly Force Encounters Welcome dblake66! ¥ [ Logout]

1 Sleep Diary ESS PVT SDS

Historical Sleep data Epworth Sleepiness Scale Psychomotor Vigilance Task Shoot / Dont Shoot

Shoot / Don't Shoot

Directions:
The following task is a standard “shoot / don't shoot” computer based model you have probably seen before. All subjects pictured
should be considered detained for valid police purposes. You are to react as per your department’s use of force policy.

You will be presented with 12 scenarios that require you to determine if deadly force is authorized (shoot) or not (don’t shoot). Your
choices will be recorded by pressing the A key (don't shoot) or the L key (shoot). You must make the decisions as quickly as possible.

Simple math equations will appear in between the SDS scenarios and remain on the screen for just a few seconds. If the answer is
correct, press the spacebar, but ensure your fingers remain or return to the A / L keys for the next scenario. If the answer shown is
incorrect, do nothing, but ensure you are prepared for the next scenario When ready, place your wrists on the table and your thumbs
at the base of the keyboard as pictured below. Align your pointer fingers over the keyboard keys “A” and “L". Make sure your fingers
are not touching the keys, but merely hovering above them.

***REMEMBER* **
**The A key is a "Don’t Shoot”, while the L key is a “"Shoot"**
Get set and press the spacebar to begin

Press 'space' to start.
Press 'A' to not shoot.
Press 'L' to shoot.
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Appendix A-3
Kaplan University
Shoot / Don’t Shoot / Ambiguous Photograph Examples
“Factoring Fatigue into Police Deadly Force Encounters”
No Shoo

Ambiguous Example Shoot Example

t Example

Ambiguous Example No Shoot Example Shoot Example
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Appendix A-4
Kaplan University
Tables
“Factoring Fatigue into Police Deadly Force Encounters”

Table 1

Background Characteristics of Participants

Measure Response

N 53

Shift* 17 Day Shift
21 Swing Shift

15 Night Shift

Age
Mean 40 (7.83)
Gender
Male 50
Female 3

Mean Sleep Hours Per Night
Off-Duty 6.8 (1.76) hours

On-Duty 6.4 (1.49) hours

Mean Total Time Awake at Post Test

Day 1 17 hours
Day 2 16 hours
Day 3 16 hours

Day 4 15 hours
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Table 2

Correlations of Participants’ Decision Making with Independent Variables

Measure Dayl Day?2 Day3 Day4
Sleep Quality / Mean Correlation 440 .383 276 .697
# Significant Correlations in Predicted Direction 5 3 4 8
Total Time Awake / Mean Correlation -.846 -.067 127 342

# Significant Correlations in Predicted Direction 1 2 7 7
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Table 3

Participants’ Significant Decision Making Types

Measure Significant Correlations
TTA & Shoot Response 3
SQ & Shoot Response 3
Total 6
TTA & No Shoot Response 6
SQ & No Shoot Response 13
Total 19
TTA & Ambiguous Response 8
SQ & Ambiguous Response 4

Total 12
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Table 4

Correlations of Participants’ Reaction Times with Independent Variables

55

Measure Dayl Day?2 Day3 Day4
Total Time Awake -.039 449 .009 643
# Significant Correlations in Predicted Direction 0 5 1 3
Shift -.169 --- -.034 .602

0 1 3
Days Worked .063 .010 557
1 1




FATIGUE IN POLICE DEADLY FORCE ENCOUNTERS

Table 5

Aggregate Mean SDS Reaction Times

56

Measure Day 1 Day2 Day3 Day4
Pre-shift SDS RT 719ms  726ms 705ms 683ms
SD 29.04 21.15 2750 30.47
Post-shift SDS RT 767ms  738ms 746ms 729ms
SD 29.68 3279 3748 37.86
Total Combined SDS RT Mean
Pre-shift 709ms
SD 19.93
Post-shift 745ms
SD 16.22
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Table 6

Correlations Suggesting Instrument Validity

S7

Measure Day 1
SQ & ESS

Pre-Shift 363

Post-Shift .369
SQ & Shoot Response (Aggregate day 1)

PrelNoShoot 311

Post1NoShoot 408
PVT & SDS RT Times

PrePVT/PreRT6 338

PrePVT/PreRT12 436

PostPVT/PostRT2 397

PostPVT/PostRT3 361
ESS & SDS RT Times

PreESS/PreRT4 -.318

PreESS/PreRT8 -.282

POStESS/PostRT9 424
Mean Psychomotor Vigilance Task (PVT)

Pre-shift

Day 1 411ms
Day 2 410ms
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Day 3 436ms
Day 4 434ms
Post-shift
Day 1 437ms
Day 2 484ms
Day 3 486ms
Day 4 467ms
Pre-Shift (aggregate) 414 (63) ms
Post-Shift (aggregate) 461 (87) ms
Mean Epworth Sleepiness Scale (ESS)
Pre-Shift (aggregate) 6 (4.83)

Post-Shift (aggregate)

11 (6.27)
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Table 7

Fatigue Survey Results

Measure % Yes

1. | believe shift work interferes with my ability to achieve a reasonably

go0d NIt OF FeSt. ... e, 73.5%
2. | have different sleep habits when | am not working as opposed to

during my WOrk CYCle. ... 82.2%
3. Isleep much better on my days off as opposed to during my work

CY . e 67.9%
4. 1 believe lack of sleep has been the cause of a mistake or error | have

made While Working. ... 68.5%
5. I believe | perform better with more sleep..............cccooviiiiiin.l 92.7%
6. | require about 8 hours of sleep to performmy best........................ 55.7%

7. 1 believe I can perform adequately when required regardless of how
many hours 1 am awake...........c.o.iieiiiiii e, 41.4%

8. I believe police departments should formally explore the impact of
sleep deprivation on officer performance....................ocoiiiiiiinn. 94.5%

9. Idon’t want to explore aspects of sleep deprivation in police work
because | am concerned about a change in schedule or limitations on
OVEITIMI. L. e 12.0%

10. I believe the law enforcement career field (in general) does not
adequately concern itself with safety issues concerning sleep
AEPIIVALION. ...t e e 91.6%
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