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Sleep Deprivation and Racial Bias in
the Decision to Shoot: A Diffusion
Model Analysis

David J. Johnson1,2 , Michelle E. Stepan2, Joseph Cesario2 ,
and Kimberly M. Fenn2

Abstract

The current study examines the effect of sleep deprivation and caffeine use on racial bias in the decision to shoot. Participants
deprived of sleep for 24 hr (vs. rested participants) made more errors in a shooting task and were more likely to shoot unarmed
targets. A diffusion decision model analysis revealed sleep deprivation decreased participants’ ability to extract information from
the stimuli, whereas caffeine impacted the threshold separation, reflecting decreased caution. Neither sleep deprivation nor
caffeine moderated anti-Black racial bias in shooting decisions or at the process level. We discuss how our results clarify dis-
crepancies in past work testing the impact of fatigue on racial bias in shooting decisions.
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An important question in understanding racial disparities in

fatal police shootings concerns the role of sleep deprivation

in officers’ decisions. Although it has been hypothesized that

sleep deprivation is a cause of both errors in fatal shootings and

racial disparity in those shootings (e.g., the shooting of Botham

Jean; Shepherd, 2019), direct data on this issue have been equi-

vocal. In the current study, we examined whether sleep depri-

vation increases errors and racial bias in decisions to shoot and

whether caffeine mitigates these effects.

Fatigue and Policing

Although work hours are federally regulated in many profes-

sions, police officers often work long shifts, secondary jobs,

and overtime (Vila & Kenney, 2002). Overtime is often not

evenly distributed; officers in high-crime areas work on aver-

age more than 20 hr overtime per month, with some working

up to 70 hr per month (Vila, 1996). In one survey, officers

reported working over 60 hr per week, and 70% reported get-

ting only 3–6 hr of sleep (Senjo, 2011). Another survey found

29% of officers reported excessive sleepiness (Rajaratnam

et al., 2011) and 40% had a sleep disorder. These officers were

more likely to fall asleep while driving, have safety violations,

or show anger toward suspects (Rajaratnam et al., 2011).

Laboratory research on officer fatigue has found similar

results. After 5 days of 10 hr shifts, night-shift officers were

more likely to deviate from their lanes in a simulated driving

task (S. M. James & Vila, 2015). Similarly, L. James et al.

(2018) employed a use-of-force simulator, where officers inter-

acted with civilians in scenarios that could either escalate or

deescalate. Fatigued night-shift officers were more likely to

respond in ways that resulted in deadly outcomes compared

to fatigued day-shift officers.

Fatigue and Shooting Decisions

Although the relationship between fatigue and deficits in

police performance generally is robust, research on simulated

shooting decisions has shown only weak fatigue effects. Stud-

ies using an immersive shooting simulator have shown no

impact of fatigue (i.e., 5 days of 10-hr shifts) on officer deci-

sion accuracy (L. James et al., 2017). Research on shooting

decisions with students has also not found a main effect of

fatigue on decision making (Ma et al., 2013). A related issue

concerns the impact of fatigue on racial bias in shooting deci-

sions. Police officers did not show more racial bias in a shoot-

ing simulator when fatigued (L. James et al., 2017), whereas

fatigued students and police recruits have shown more racial

bias in shoot/don’t shoot tasks (Ma et al., 2013). Thus, it
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remains unclear whether fatigue increases racial bias in shoot-

ing decisions.

Resolving these conflicting results is difficult because of

methodological differences across studies. L. James et al.

(2017) used a shooting task with high external validity and

recruited officers under realistic fatigue conditions. However,

their design had low internal validity; the simulator did not

fully cross race, armed status, and scenario. In contrast, Ma

et al. (2013) used a fully crossed set of less externally valid sti-

muli (i.e., static images) and recruited students or police

recruits instead of trained officers. They also employed weak

fatigue manipulations (a 15-min Stroop task; Study 1) or mea-

sured self-reported sleep (Study 2). As self-reported sleep is

only moderately correlated with actual sleep, these results

should be interpreted with caution (Lauderdale et al., 2008).

A major weakness of these studies is that officers did not

make poorer decisions when fatigued. This is unexpected

because sleep deprivation causes performance deficits across

many domains. L. James et al. (2017) attribute this lack of an

increase in errors to sympathetic nervous system activation,

mitigating the impact of sleep deprivation. Another possibility

is that these manipulations were not strong enough to impact

performance. Thus, in the current study, participants completed

a shooting task after 24 hr without sleep or a full night of sleep.

Reducing Fatigue With Caffeine

Another unexplored area concerns ways to mitigate the risks of

fatigue on the decision to shoot. One strategy to combat fatigue

is consuming caffeine, a widely used central nervous system sti-

mulant (Donovan & DeVane, 2001). Caffeine mitigates the neg-

ative effects of sleep deprivation on alertness, attention, and

vigilance (Beaumont et al., 2001; N. Wesensten et al., 2002). Vig-

ilant attention of sleep-deprived individuals who consume caf-

feine sometimes does not significantly differ from performance

of rested individuals who do not consume caffeine (McLellan

et al., 2005; Stepan et al., under review), suggesting caffeine may

reverse impairments in attention due to sleep deprivation.

The effects of caffeine on higher order cognition are more

mixed. Caffeine can mitigate sleep-deprived performance on

tasks assessing reasoning and strategy development (N. J.

Wesensten et al., 2005) and some tasks assessing problem-

solving (Killgore et al., 2009). In contrast, caffeine may not

benefit performance on tasks assessing inhibitory control (N.

J. Wesensten et al., 2005), working memory (N. Wesensten

et al., 2002), placekeeping (Stepan et al., under review), or

some problem-solving tasks (Killgore et al., 2009). Thus, it

remains unclear the degree to which caffeine might impact

shooting decisions.

Although research has not investigated the impact of caf-

feine on law enforcement performance, researchers have exam-

ined the impact of caffeine on military performance. McLellan

et al. (2005) observed soldiers during a 55-hr field exercise.

Soldiers were not allowed to sleep and were given either caf-

feine or placebo. Caffeinated soldiers maintained marksman-

ship vigilance and accuracy at higher rates than the placebo

group. Insofar as the processes underlying marksmanship and

shoot/don’t shoot decisions are similar, sleep-deprived decision

makers may benefit from caffeine. Administrating caffeine also

provides an opportunity to test whether caffeine might moder-

ate racial bias in shooting decisions, perhaps by mitigating any

negative effects due to sleep deprivation.

In sum, the effects of fatigue on shooting decisions and

racial bias are inconsistent across studies. In addition, no work

has studied how caffeine might moderate sleep deprivation. We

address these gaps by studying the impact of sleep deprivation

on civilian shooting decisions using a static shooting task. This

design is a trade-off favoring internal validity at the cost of gen-

eralizing the findings to more realistic contexts. This design

allowed us to collect more data, so we could examine the fac-

tors impacting shooting decisions using cognitive modeling.

We now discuss how we used these models to examine how

fatigue and caffeine consumption impact performance.

Modeling Shooting Decisions

Use of lethal force is typically studied experimentally by hav-

ing participants make fast decisions to shoot or not shoot tar-

gets. These decisions have been studied using sequential

sampling models such as the diffusion decision model (DDM;

Ratcliff, 1978; Ratcliff et al., 2016). According to the DDM,

people begin with an initial bias to shoot or not. They accumu-

late evidence for each option by repeatedly sampling informa-

tion from the environment. When the evidence reaches a

threshold, the corresponding option is chosen (see Table 1 for

descriptions of model parameters and Figure 1 for a graphic

representation).

The DDM can help to identify how race and other factors

impact the decision process (see Johnson et al., 2017). In the

first-person shooter task (FPST; Correll et al., 2002), civilians

accumulate evidence faster to shoot armed Black targets and to

not shoot unarmed White targets (Correll et al., 2015; Pleskac

et al., 2018). Although applications of the DDM to understand

how race impacts shooting decisions are increasing (see Ples-

kac et al., under review), no work has examined how sleep

Table 1. Parameters of the Diffusion Decision Model.

Parameter Interpretation

Threshold
separation (a)

The separation between the two thresholds,
determining the amount of evidence required to
decide, with 0 < a.

Relative start
point (b)

Initial bias to shoot at the start of the evidence
accumulation process, with 0 < b < 1. Values
above .50 indicate a bias to shoot.

Drift rate (d) Average quality of evidence extracted from a
stimulus at each unit of time, with �1 < d <1.
Higher absolute values indicate stronger evidence.
Positive values indicate evidence to shoot.

Nondecision
time (t0)

Proportion of the minimum response time spent on
processes unrelated to decision making, with 0 <
t0 < 1.
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deprivation and caffeine might impact decisions to shoot. As

such, we consider how these factors might impact the decision

process parameters.

Threshold separation. Threshold separation (a) measures how

much participants favor accuracy over speed. Larger values

indicate greater preference for accuracy over speed and will

correspond behaviorally with more accurate but slower deci-

sions. We predicted that sleep deprivation would increase

errors and reduce the threshold separation, with caffeine miti-

gating these effects.

Research is mixed as to whether civilians favor accuracy

more for Black than White targets (Pleskac et al., 2018) or

whether there is no difference (Johnson et al., 2018). However,

changes in the threshold separation symmetrically affect the

speed and accuracy of decisions to shoot and not shoot and thus

cannot explain typical patterns of racial bias reflected by an

asymmetric change in error rates and/or response times.

Relative start point. The relative start point (b) indicates an ini-

tial bias to shoot or not shoot. It is one mechanism by which

race can produce an asymmetric change in decisions and

response times indicative of racial bias, although this is typi-

cally not found in civilian samples (Johnson et al., 2018; Ples-

kac et al., 2018). We predicted that race would not impact the

relative start point, although we explored whether sleep depri-

vation and caffeine might change initial biases to shoot due to

target race.

Drift rate. Drift rate (d) refers to the average strength of evi-

dence participants extract from a scene. This primarily reflects

whether a person is armed but can also be influenced by the

race of a target (Correll et al., 2015; Pleskac et al., 2018) and

police experience (Johnson et al., 2018). We predicted that

sleep deprivation would reduce participants’ ability to identify

weapons, increasing errors and weakening drift rates. Because

caffeine reduces fatigue, we predicted that these deficits would

diminish for those taking caffeine.

In the FPST, the impact of target race among civilians is

typically evident in the drift rate (Correll et al., 2015; Pleskac

et al., 2018). Whether armed or unarmed, evidence to shoot

Black targets is greater than evidence for White targets. This

is consistent with the idea that race is accumulated as evidence

relevant to the decision to shoot. We expected to replicate this

finding and test whether it would be exacerbated by sleep

deprivation or mitigated by caffeine.

Nondecision time. Nondecision time (t) indicates the length of

response time spent on processes unrelated to decision making.

We did not make predictions about this parameter as past stud-

ies have not found consistent effects across predictor variables

(Correll et al., 2015; Pleskac et al., 2018).

Method

Participants

Participants were undergraduate students at Michigan State

University who did not have memory disorders, reported mod-

erate caffeine use (up to 400 mg daily), slept a minimum of 6 hr

the night before the study, and woke by 9:00 a.m. on the first

day of the study. They did not have strong time-of-day prefer-

ences (48–52 on the Morningness–Eveningness Questionnaire;

Horne & Östberg, 1976) or major sleep disturbances (0–10 on

the sleep disturbances section of the Pittsburgh Sleep Quality

Index; Buysse et al., 1989). Participants refrained from napping

the day of the study and from consuming caffeine, alcohol, or

drugs 24 hr prior to the study.

Participants (N ¼ 378) completed the study in groups of up

to 11. To maximize statistical power, we recruited as many stu-

dents as possible during the 2017–2018 academic year.

Because this study was conducted at the end of a larger project,

some participants did not have time to complete the FPST (n ¼
27). Other participants’ data were not saved due to a software

error (n ¼ 24). Five participants’ data were lost due to experi-

menter error, three participants withdrew from the study, and

one admitted prior knowledge of the experimental design. Our

final sample was 318. Participants were 71% women, 81%
White, 8% Black, 4% Asian, and 4% Hispanic. The average age

was 19 (SD ¼ 1).

Measures

This study was a part of a larger project examining the effects

of sleep deprivation on cognition using a battery of tasks (see

Supplemental Materials). The relevant tasks for this study

include the psychomotor vigilance task (PVT; Dinges &

Powell, 1988; Lim & Dinges, 2008) and the FPST (Correll

et al., 2002).

PVT. The PVT is a measure of vigilant attention (Lim & Dinges,

2008). It was used as a manipulation check of the effect of sleep

deprivation and caffeine (Dinges & Powell, 1988; Lim &

Figure 1. The decision diffusion model as applied to the decision to
shoot. Individuals start with an initial bias b to shoot or not. Noisy
information is accumulated to shoot or not with average strength d.
The amount of information needed to make a decision is indicated by
the distance between the threshold boundaries a. The length of
nondecision processes is indicated by t. The model predicts the dis-
tribution of response times for shoot and don’t shoot decisions (in
blue).
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Dinges, 2008). Participants monitored a blank computer screen

for a large red circle. They were instructed to click the mouse as

quickly as possible when the circle appeared. Clicking the

mouse triggered response time feedback for 0.5 s. The circle

appeared at random intervals between 1 and 10 s. The task

lasted 10 min. The dependent variable was response time.

FPST. The FPST was used to measure the impact of race on

shooting decisions. Stimuli from Correll et al. (2002) were pre-

sented with PsychoPy (Version 1.83.01; Peirce et al., 2019). On

any given trial, participants saw one to four neutral background

scenes, presented for a random interval between 500 and 1,000

ms each. A target then appeared in background at a random

location holding a handgun or a harmless object (e.g., cell

phone). Participants were instructed to press “shoot” if the tar-

get was armed or “don’t shoot” if the target was unarmed. Par-

ticipants received feedback about their accuracy and were told

to speed up if they responded outside the 650-ms response

window.

Targets were 20 White men and 20 Black men, each photo-

graphed holding a handgun and a harmless object for a total of

80 pictures. Participants saw each picture twice, completing

160 trials. The dependent variables were decisions and

response times.

Procedure

Participants arrived at the laboratory at 10:00 p.m. knowing

they would be assigned to stay awake all night or go home and

sleep. Participants completed all tasks and measures in the

larger project except the FPST. Afterward, participants were

randomly assigned to condition varying in sleep deprivation

(rested and sleep deprivation) and caffeine administration (pla-

cebo, acute, and sustained).

In the acute caffeine condition, participants were given a

single dose of caffeine in the morning. In the sustained condi-

tion, participants were given three smaller doses of caffeine

overnight. Dosages were designed, so both groups would have

similar levels of caffeine during morning assessments (Ritter &

Yeh, 2011). We collapsed across caffeine administration as

preliminary tests revealed both groups performed similarly

(Stepan et al., under review).

Sleep-deprived participants were monitored by trained

experimenters. Participants were allowed to engage in any activ-

ity that did not activate the autonomic nervous system, including

consuming noncaffeinated food and beverages. Caffeine or pla-

cebo pills were administered in a double-blind fashion according

to the schedule provided in Table 2. Participants were sleep

deprived for approximately 24 hr before morning tasks.

Rested participants returned to the lab at 8:30 a.m. and were

randomly given placebo or caffeine. At 9:00 a.m., all partici-

pants completed the same measures as the night before as well

as the PVT and FPST. They were then debriefed and dismissed.

Sleep-deprived participants were given a ride home.

Analytic Approach

Decision accuracy and correct response times were analyzed

using multilevel regression using the lme4 package in R (Ver-

sion 1.1-21; Bates et al., 2015). Intercepts varied by partici-

pants in the PVT and by participants and targets in the FPST

(Judd et al., 2012). PVT trials faster than 100 ms and slower

than 3,000 ms were removed (Basner & Dinges, 2011). FPST

trials faster than 300 ms and slower than 3,000 ms were

removed (Ratcliff et al., 2018). This excluded 1.3% of trials

from the PVT and 2.4% of trials from the FPST. We report con-

dition means and 95% confidence intervals.

FPST decision and response time data were simultaneously

analyzed with the DDM using multilevel Bayesian methods

(Johnson et al., 2017; Kruschke, 2014; Vandekerckhove et al.,

2011) in JAGS (Version 4.3; Plummer, 2003; Wabersich & Van-

dekerckhove, 2014). We make inferences using a parameter

estimation approach (Gelman et al., 2013; Kruschke, 2014).

We report the most credible value of a parameter and its 95%
highest density interval (HDI) in brackets. When testing condi-

tion differences and interactions, we report the most credible

estimate, the effect transformed to Cohen’s d, and its 95% HDI.

Given our research questions, we allowed all DDM para-

meters to vary by target race, sleep deprivation, and caffeine.

The drift rate was additionally allowed to vary by object type.

We used uninformative priors for the parameters and their cor-

relations (Klauer, 2010; Matzke et al., 2015). We did not esti-

mate trial-by-trial variability in parameters (e.g., Ratcliff et al.,

2016, 2018) due to the small number of trials per condition

(40). Posterior predictive model fits predicted shooting rates

and the shape of response time distributions well. However, the

model does overestimate response times for slower trials (i.e.,

in the .9 response time quantile). Model fits, code, diagnostics,

parameter estimates, and correlations are provided in the Sup-

plemental Materials.

Results

Data, analyses, and materials for this study are available on the

Open Science Framework: https://osf.io/t4p3r/. We used the

simr package (Version 1.05; Green & MacLeod, 2016) in R

to simulate what higher order size effects the experimental

design was sufficient to detect in decision accuracy. This

analysis revealed that we had 82% [76, 87] power to detect a

Table 2. Experimental Conditions and Caffeine Administration.

Sleep Condition
Caffeine

Condition N 12:30 a.m. 4:30 a.m. 8:30 a.m.

Rested Placebo 60 — — Placebo
Rested Acute 60 — — 200 mg
Sleep deprivation Placebo 70 Placebo Placebo Placebo
Sleep deprivation Acute 62 Placebo Placebo 200 mg
Sleep deprivation Sustained 66 100 mg 100 mg 100 mg

Note. Data from the acute and sustained caffeine conditions were combined as
the effect of caffeine did not depend on administration schedule.
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three-way interaction of b ¼ 0.25 and 81% [74, 86] power to

detect a four-way interaction of b ¼ 0.50.

PVT

We used data from the PVT to validate the fatigue and arousal

manipulations. We analyzed response times using multilevel

regression, with trial, cue delay, sleep deprivation, caffeine,

and the interaction between the latter two as predictors. As

shown in Figure 2, sleep-deprived participants were slower to

respond than rested participants, b ¼ 39 ms [23, 56]. Partici-

pants who took caffeine were faster to respond than participants

who took placebo, b ¼ �33 ms [�49, �16]. There was no

interaction between sleep and caffeine, b ¼ �6 ms [�39,

27]. Sleep-deprived participants who took caffeine were not

slower than rested participants who took placebo, b ¼ 6 ms

[�15, 28]. Thus, sleep deprivation decreased vigilant attention

and caffeine increased vigilant attention, supporting the effec-

tiveness of these manipulations.

FPST

Behavior analyses. We analyzed FPST decision accuracy and

correct response times using multilevel modeling, with race,

object, sleep deprivation, caffeine, and their interactions as pre-

dictors (see Figure 3). As predicted, sleep-deprived participants

made more errors (M ¼ 0.30 [0.28, 0.33]) than rested partici-

pants (M ¼ 0.26 [0.23, 0.29]), b ¼ 0.22 [0.11, 0.33]. Partici-

pants who consumed caffeine (M ¼ 572 ms [559, 585])

responded faster than those who took placebo (M ¼ 585 ms

[572, 599]), b¼�13 ms [�24,�2], but caffeine did not reduce

errors, b ¼ �0.05 [�0.16, 0.05]. In contrast with our predic-

tions, caffeine consumption did not mitigate the effect of sleep

deprivation on errors, b ¼ �0.04 [�0.25, 0.17].

Participants made fewer errors for armed (M ¼ 0.26 [0.23,

0.28]) than unarmed targets (M ¼ 0.31 [0.28, 0.34]), b ¼
�0.28 [�0.32, �0.23] and were faster to shoot armed targets

(M ¼ 547 ms [534, 558]) than to not shoot unarmed targets

(M ¼ 611 ms [599, 623]), b ¼ �64 ms [�68, �60]. Consistent

with past research, there was also an interaction between race

and object, b ¼ �0.30 [�0.39, �0.22]. Unarmed Black targets

(M ¼ 0.34 [0.30, 0.37]) were shot more than unarmed White

targets (M ¼ 0.29 [0.25, 0.32]), b ¼ 0.25 [0.02, 0.47]. Deci-

sions to shoot armed targets did not vary by race, b ¼ �0.06

[�0.28, 0.16]. This interaction was not moderated by sleep

deprivation, caffeine, or their interaction.

Finally, the effect of sleep deprivation varied by object type,

b ¼ �0.17 [�0.25, �0.09]. Sleep-deprived participants missed

armed targets (M ¼ 0.27 [0.24, 0.29]) more than rested partici-

pants (M ¼ 0.24 [0.22, 0.27]), b ¼ 0.13 [0.02, 0.25] but made

even more errors for unarmed targets (M ¼ 0.34 [0.32, 0.37]

than rested participants (M ¼ 0.28 [0.25, 0.31], b ¼ 0.30

[0.19, 0.42].

In sum, sleep-deprived participants were more likely to

make errors than rested participants, and participants who took

caffeine responded faster than those who took placebo. Caf-

feine, however, did not mitigate the negative effects of sleep

deprivation. Participants also shot unarmed Black men more

than unarmed White men, and this bias was not moderated

by sleep deprivation or caffeine consumption. To better under-

stand how these manipulations affected the decision process,

we next analyzed data with the DDM.

Process analyses. Figure 4 displays all DDM parameters by

condition.

Sleep deprivation. Contrary to our threshold separation

hypothesis, sleep deprivation did not decrease the threshold

separation, b ¼ 0.00, d ¼ 0.02 [�0.23, 0.27], nor did caffeine

moderate the effect of sleep deprivation, b ¼ 0.00, d ¼ �0.01

[�0.48, 0.52]. However, rested participants’ relative start point

favored the shoot decision more than sleep-deprived partici-

pants, b ¼ �0.014, d ¼ �0.40 [�0.72, �0.07].

Our hypothesis that drift rates would be lower for sleep-

deprived participants was partially supported, although this

depended on whether a target was armed, b ¼ �0.51, d ¼
�1.07 [�1.55, �0.55]. For unarmed targets, drift rates were

weaker (closer to zero) for sleep-deprived (M ¼ �0.76

[�0.83, �0.69]) than rested participants (M ¼ �0.93 [�1.00,

�0.86]), b¼�0.18, d¼�0.37 [�0.52,�0.23]. For armed tar-

gets, drift rates were not weaker for sleep-deprived (M ¼ 1.18

[1.11, 1.25]) than rested participants (M ¼ 1.15 [1.07, 1.22]),

b¼�0.03, d¼�0.07 [�0.21, 0.08]. However, caffeine did not

moderate this interaction, b ¼ 0.05, d ¼ .11 [�0.87, 1.10].

Caffeine. Although caffeine did not moderate the predicted

effects of sleep deprivation, it affected the decision process

in other ways. Participants’ threshold separation was narrower

when they took caffeine versus placebo, b ¼ �0.048, d ¼
�0.32 [�0.57, �0.07], reflecting a preference for speed over

accuracy.
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Figure 2. Response time on the psychomotor vigilance task as a
function of sleep deprivation and caffeine. Points are predicted means,
and bars are 95% confidence intervals.
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Caffeine further interacted with target race in the threshold

separation, b ¼ 0.034, d ¼ 0.22 [0.03, 0.41]. When partici-

pants consumed placebo, they set wider thresholds for White

targets (M ¼ 1.060 [1.035, 1.088]) than Black targets (M ¼
1.031 [1.005, 1.057]), b ¼ 0.031, d ¼ 0.20 [0.06, 0.34]. The

difference was not credible when participants consumed

caffeine, b ¼ �0.002, d ¼ �0.01 [�0.14, 0.11]. Sleep depri-

vation did not moderate this interaction, b ¼ �0.02, d ¼
�0.13 [�0.50, 0.25].

Caffeine also interacted with target race in the relative start

point, b ¼ 0.017, d ¼ 0.48 [0.04, 0.94]. When participants took

placebo, they showed a higher initial bias to shoot White targets

(M ¼ 0.529 [0.519, 0.538]) versus Black targets (M ¼ 0.513

[0.503, 0.523]), b ¼ 0.016, d ¼ 0.45 [0.14, 0.82]. The differ-

ence was not credible when participants consumed caffeine,

b ¼ �0.001, d ¼ �0.03 [�0.32, 0.27]. Sleep deprivation did

not moderate this interaction, b ¼ �0.015, d ¼ �0.44

[�1.31, 0.48].
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Finally, there was an interaction between race and caffeine

in nondecision times, b ¼ �0.040, d ¼ �0.89 [�1.44, �0.41],

moderated by deprivation, b ¼ �0.047, d ¼ �1.00 [�2.07,

�0.05]. The race–caffeine interaction was not credible for

rested participants, b¼�0.017, d¼�0.39 [�1.17,�0.35], but

was for deprived participants, b ¼ �0.061, d ¼ �1.40 [�2.14,

�0.78]. Focusing on deprived participants, those taking pla-

cebo spent a smaller proportion of time on nondecision pro-

cesses for White (M ¼ 0.933 [0.917, 0.950]) than Black

targets (M ¼ 0.965 [0.948, 0.983]), b ¼ �0.031, d ¼ �0.75

[�1.29,�0.21]. Those taking caffeine spent a larger proportion

of time on nondecision processes for White (M¼ 0.965 [0.952,

0.979]) than Black targets (M ¼ 0.936 [0.923, 0.948]), b ¼
0.031, d ¼ 0.71 [0.31, 1.09].

Race. Based on past research with civilians, we predicted tar-

get race would impact the drift rate and not the relative start

point (Correll et al., 2015; Pleskac et al., 2018). As reported

above, participants did show a relative start point favoring the

shoot decision for White versus Black targets, but only those

who took placebo, b ¼ 0.016, d ¼ 0.45 [0.14, 0.82]. However,

this pattern does not explain the behavioral findings that Black

targets are more likely to be shot than White targets. The other

way target race could produce this pattern is through the evi-

dence accumulation process.

As predicted, we found an interaction between target race

and object type in the drift rate, b ¼ �0.15, d ¼ �0.29

[�0.49, �0.13]. For unarmed targets, drift rates were weaker

(closer to zero) for Black (M ¼ �0.74 [�0.80, �0.67]) than

White targets (M ¼ �0.96 [�1.02, �0.89]), b ¼ �0.22, d ¼
�0.46 [�0.61, �0.33]. For armed targets, drift rates were

stronger for Black (M ¼ 1.20 [1.13, 1.28]) than White targets

(M ¼ 1.12 [1.05, 1.20]), b ¼ �0.08, d ¼ �0.16 [�0.32,

�0.01]. The race–object interaction was not moderated by

sleep deprivation, caffeine, or their interaction.

Discussion

Sleep deprivation decreased vigilant attention and increased

errors on the FPST, which corresponded with decreases in

the rate at which participants extracted evidence from sti-

muli. It had an especially pernicious effect for unarmed tar-

gets; participants were more likely to shoot unarmed targets

after sleep deprivation than to miss armed targets. Although

individuals rely on stimulants to reduce negative effects of

sleep deprivation, caffeine did not decrease shooting deci-

sion errors. In fact, participants favored speed over accuracy

more after taking caffeine than placebo as indexed by the

threshold separation.

Despite credible effects of sleep deprivation, it did not

moderate the impact of race in evidence accumulation or

in initial biases. Regardless of fatigue, participants accumu-

lated target race (i.e., being Black) as evidence to shoot.

Thus, our findings are largely consistent with past civilian

research; race leads to anti-Black bias through the weapon

identification process (Correll et al., 2015; Johnson et al.,

2018; Pleskac et al., 2018).

Our findings also clarify past work on fatigue in shooting

decisions. This work has been split about whether fatigue

exacerbates racial bias (L. James et al., 2017; Ma et al.,

2013). Currently, the only significant evidence fatigue

increases racial bias is based on a study using a Stroop task

to manipulate fatigue via ego depletion (Study 1; Ma et al.,

2013). Given recent concerns about whether ego depletion is

possible in such short time periods (Friese et al., 2019), our null

results should increase skepticism about the claim that fatigue

increases racial bias in laboratory shooting decisions.

We also found participants who consumed placebo had

wider thresholds and higher relative start point for White than

Black targets. These effects indicate favoring speed over accu-

racy coupled with an initial bias to favor the shoot decision for

White versus Black targets. Given that past research found

larger threshold separations for Black versus White targets

(Pleskac et al., 2018), or no effect of race (Johnson et al.,

2018), we refrain from making strong statements about the

cause or robustness of these race effects.

Strengths and Limitations

Despite the documented negative relationship between sleep

deprivation and real-world police performance (Rajaratnam

et al., 2011), past research has not found participants make

poorer shooting decisions when fatigued. We addressed this

shortcoming by using a stronger sleep deprivation manipula-

tion and found participants showed lower vigilant attention and

made poorer decisions after 24 hr without sleep. Thus, our null

results with regard to the impact of fatigue on racial bias cannot

be attributed to an insufficiently strong manipulation. How-

ever, if sleep deprivation or caffeine consumption have a small

effect on racial bias (i.e., less than b ¼ 0.25), our design may

have had insufficient power to detect them.

Another strength of our approach is the ability to identify

how fatigue impacted the decision process. Fatigued partici-

pants had a decreased ability to extract evidence from stimuli.

This decline in ability to extract evidence was especially large

for unarmed targets. At its core, the FPST is a visual search

task, where participants must identify an object within a

scene. Our results are consistent with an explanation, where

fatigue-induced shooting performance deficits are driven by

visual search impairment, a possibility to be examined in

future work.

One issue with studying shooting decisions is the trade-off

between internal and external validity. We studied decisions

using a computer task, where only the race and armed status

of targets were manipulated to ensure high internal validity.

Similarly, we used a 24 hr sleep deprivation manipulation to

ensure high fatigue. These benefits come at the cost of external

validity. The FPST does not provide participants with prior

information about who they are encountering or allow

Johnson et al. 7



interactions with targets, both of which impact shooting deci-

sions (Johnson et al., 2018; Pleskac et al., under review). Simi-

larly, responding by pressing buttons to shoot is clearly

different from firing a gun during a high-threat encounter.

A final limitation is our use of student samples. In this study

and prior FPST work, students typically show racial bias in the

evidence accumulation process, whereas officers typically

show racial bias in the relative start point (Johnson et al.,

2018; Pleskac et al., 2018). While we cannot rule out that sleep

deprivation could impact officers differently than students, our

results suggest sleep deprivation has a selective impact on evi-

dence accumulation. Thus, officers may also show deficits in

their ability to collect evidence under sleep deprivation.

Conclusion

Accidents where actions of sleep-deprived officers result in the

death of civilians often become high-profile events (Vila & Ken-

ney, 2002), as do fatal shootings of unarmed Black Americans

(Peeples, 2019). The current study clarifies that sleep-deprived

individuals are more likely to shoot unarmed individuals in a

simulated shooting task and that caffeine does not mitigate these

harmful effects. However, sleep deprivation does not seem to

impact racial bias in those decisions. We caution direct applica-

tions of these data to real-world police shootings given the arti-

ficial nature of the task and the greater complexity involved in

those decisions.
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