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Abstract

Mounting evidence suggests that law enforcement organizational factors contribute to
higher incidence and racial disparities in police killings. To determine whether agency pol-
icies contribute to race-specific civilian fatalities, this exploratory study compared fatality
rates among agencies with and without selected policies expected to reduce killings. A
cross-section of 1085 fatalities in the 2015-2016 The Counted public-use database were
matched to 481 agencies in the 2013 Law Enforcement Management and Administrative
Statistics (LEMAS) database. Negative binomial regression estimated incidence rate
ratios (IRR) adjusted for agency type, number of officers, percent female personnel,
median income, percent with a bachelor’s degree, violent crime rate, and population size,
with inference using robust standard errors. Agencies with greater proportions of full-time
personnel (range 43—-100%) had lower rates of all (IRR = 0.85; 95% confidence interval
[CI] =0.77-0.93) and non-White civilian killings (IRR = 0.85; Cl = 0.73—0.99). Mission
statements predicted lower rates of all (IRR = 0.70; Cl = 0.58—0.84) and White killings
(IRR =0.60; Cl = 0.40-0.90). Community evaluation and more types of personnel incen-
tives predicted lower rates of White (IRR = 0.82; Cl = 0.68—0.99) and non-White killings
(IRR =0.94; Cl = 0.89-1.00), respectively. Increasing video use predicted higher rates of
White killings (IRR = 1.13; Cl = 1.01-1.28). No policies were significantly associated with
Black civilian killings. Law enforcement policies that help reduce police killings may vary
across racial groups with the least benefit for Black civilians. Impact evaluations and
meta-analyses of initiatives aimed to mitigate fatalities should be explored, particularly
policies to address anti-Black bias. A national registry tracking all police killings and
agency policies is urgently needed to inform law enforcement policies aimed to mitigate
civilian fatalities.
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Introduction

Public concern over recent police killings (i.e., police-caused deaths [1]), particularly among
Black civilians, has inspired epidemiologic investigations to identify key drivers of racial dis-
parities in police use of deadly force [2-13], or fatal legal intervention. The government defines
legal intervention as “injuries inflicted by the police or other law-enforcing agents, including
military on duty, in the course of arresting or attempting to arrest lawbreakers, suppressing
disturbances, maintaining order, and other legal action” [14]. Studies have identified four cen-
tral determinants of fatal legal intervention: individual officer and civilian characteristics, situ-
ational factors during encounters, neighborhood context, and organizational factors [15-29].
Research implicates racial bias against Black civilians as a potential determinant of racial ineq-
uities in police use of lethal force [5, 8, 11, 12, 30-39]. Much of the literature on reducing police
fatalities has focused on officer and/or civilian behavior during encounters [18, 20, 22, 26, 40-
44], community dynamics [13, 17, 18, 28], and police culture [45-47]. Organizational policies
bi-directionally influence police culture (e.g., routine internal officer evaluation and high stan-
dards for officer conduct) which, in turn, shapes officer behavior [48-50]. Hence, organiza-
tional policies—concise regulations, procedures, and best practices that set the ethical and
moral standard of operations and employee conduct within law enforcement agencies—may
influence the incidence of police killings yet has received less attention in the epidemiologic
literature.

Internal rules and regulations are affected by the underlying institutional attitudes permeat-
ing a law enforcement agency [49, 50]. Rather than solely holding individual officers account-
able for preventable events, researchers have evaluated differences in the policies employed
within agencies, and whether and to what extent those differences contribute to avoidable
fatalities (e.g., police shootings) [50-55], assuming that some are unavoidable (e.g., police vehi-
cle accidents). Though scant findings are mixed, the evidence points to several policies that
may play a role including officer and agency oversight, collective bargaining, officer field train-
ing, minimum educational requirements, video use, and less lethal weapons use [17, 20, 21, 27,
56-61].

Despite modest evidence that organizational policies and programs may effectively reduce
deadly use of force, there are substantial limitations to the generalizability and comparability
of study findings. Because of limited data availability, many investigations and interventions
focus on one or a few large cities or agencies of interest to examine the impact of differing
agency characteristics [25, 42, 50, 51, 62-67]. Moreover, the wide variation in denominators
used to estimate population rates of police killings (e.g., residents, police encounters, arrests)
make study results lack comparability and national studies are scarce. Most studies using
national administrative policies to estimate associations with police killings restrict the sample
to large municipal agencies [13, 17, 24, 57, 58, 68]. However, public concern of unjust and
racial inequities in police killings has been reported in both urban and rural US communities
in recent years. Given this growing national crisis, evidence is needed among varying jurisdic-
tion sizes to identify wide-ranging agency policies that impact police fatal use of force
nationally.

The objective of this exploratory study was to compare police-caused fatality rates during
2015-2016 among United States (US) law enforcement agencies with and without selected pol-
icies. All agencies were analyzed, and then separate analyses of agencies only involved in
White, Black, and non-White civilian killings were evaluated to assess potential differences
across racial groups. Because use of force policies have been linked to lower police killings for
Black but not White civilians [53], associations were hypothesized to be the most protective
for agencies involved in Black (vs. White or non-White) civilian killings.
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Materials and methods
Study sample

Data are from The Counted and the Law Enforcement Management and Administrative Sta-
tistics (LEMAS) databases [69, 70]. The Counted, compiled by The Guardian newspaper, is a
public-use database of the total number of people killed by US law enforcement during 2015-
2016 (N = 2,238). The Counted database was selected because it includes all police agencies
involved in each civilian death as well as each decedent’s age, race, gender, armed status, and
location and cause of death. Reporters validate data through open source reporting, police rec-
ords, witness accounts, and family/friends. The database is promptly maintained and updated
by The Guardian reporters and interactive journalists by collecting tips from the public,
crowdsourcing, and data from the Federal Bureau of Investigation. Like many crowdsourced
databases of police killings [71, 72], The Guardian’s database has been shown to have greater
validity and reliability than government databases due to government agencies underreporting
or misclassifying police-involved deaths [71, 73, 74].

LEMAS is a widely-used cross-section of information collected approximately every three
years from a nationally representative sample of US law enforcement agencies regarding orga-
nizational characteristics (e.g., administrative policy, personnel characteristics, officer require-
ments) [13, 17, 18, 24, 57, 58, 75]. To ensure policies were implemented prior to each killing,
the 2013 LEMAS database was used to match 2,826 agencies to 2015-2016 fatalities in The
Counted according to the agency name(s) reportedly involved and the state in which the kill-
ing occurred. Because the unit of analysis was each agency involved, multiple agencies could
be linked to any given fatality. The matching procedure resulted in a final sample of 481 agen-
cies (17% of LEMAS) involved in 1,085 civilian deaths (49% of The Counted). Bivariate analy-
ses of the matched and unmatched groups were assessed for variation in civilian
characteristics (S1 Table) and policy implementation (S2 Table). We exclude the small number
of state agencies (N = 30) because (1) state agencies and jurisdictions are very different than
municipal and county agencies in demographic factors and their primary role in enforcing the
law within their entire jurisdiction (e.g., state agencies are the main source of law enforcement
in very small proportions of their jurisdictions) and (2) state agencies have different policies,
training, and resources that may bias associations with fatality rates (e.g., community evalua-
tion is less likely to exist within state agencies). This method resulted in 323 municipal agencies
and 128 county agencies for analysis (N = 451).

Exposure assessment

Thirteen LEMAS-reported policies expected to reduce lethal intervention were evaluated as
exposures. Each policy aims to enhance organizational and officer performance or indirectly
promote performance. Therefore, we expected each policy to help reduce avoidable killings
and hypothesized lower predicted fatality rates in agencies with versus without these policies,
especially initiatives specifically targeting reductions in officer use of deadly force and racial
disparities (e.g., less-lethal weapons use, community policing). Data were coded such that a
higher value indicates that the policy was reportedly implemented. Based on prior empirical
and theoretical evidence, we evaluated policies related to agency climate and accountability,
officer requirements, and personnel incentives that may mechanistically influence police kill-
ings. Each policy is described in more detail below: the proportion of full-time personnel [17],
union representation (offered and active) [17], an established mission statement [8, 65], mini-
mum educational requirements [20, 21, 42], additional training for new hires [11, 22], commu-
nity policing training [57], less-lethal weapon use [62], video use [59, 76, 77], evaluation of
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citizen satisfaction with police [78-80], incentive compensation [21, 81, 82], and statistical
analysis or research (any and external) [22].

The following variables were assessed dichotomously (No = 0; Yes = 1): Collective bargaining
‘offered’ among sworn personnel; amid the subset of those that offered bargaining, ‘active’ collec-
tive bargaining; having an established mission statement; at least 8 hours of training community
policing training offered; additional training requirements for new-hires; community evaluation
of resident satisfaction with agencies; agency accountability as any statistical analysis or research
conducted; among the subsample reporting analysis, external statistical analysis (i.e., employing
an organization outside of the agency); and some college required for new-hires.

The remaining policies were assessed continuously. The proportion of full-time sworn per-
sonnel (i.e., 0-100%) was measured among those full-time and part-time sworn and non-
sworn. Summary scores were generated for less-lethal weapon use, video use, and incentive
compensation. Offering personnel less-lethal weapon authorization was coded dichotomously
across 9 types of weapons or actions (e.g., soft projectiles, neck restraints) with a summary
score (range 0-9) representing more types of less-lethal weapons offered. Four video camera
types (e.g., body, vehicle) were coded dichotomously: due to small cell sizes, the top two levels
were combined resulting in a summary score (range 0 to 3) reflecting increasing video use
types. Incentives included nine domains related to increased salary or additional paid leave
(e.g., bi/multi-lingual, merit/performance), were coded dichotomously, and then summed
(range 0-9) to represent increasing incentives offered.

Outcome assessment

Although measures of police—civilian encounters and civilian arrests have been used to evalu-
ate racial disparities in police use of force, population-level measures are likely the most robust
[10, 16, 23, 38, 83-86]. This is because police encounters are systemically biased against minor-
ities [23, 38, 83-85]. A countervailing opinion is that not every member of the population is at
risk of being a police fatality victim [38, 84, 85]. In fact, all Black civilians are at risk of a police
encounter even while doing acts that would not subject Whites to the same risk (e.g. jogging in
a predominantly White neighborhood). Therefore, conditioning estimates on police—civilian
encounters or subsequent arrests using administrative records can produce biased results. This
type of statistical bias can lead to underestimation of racial inequities: non-White rates have
inflated denominators (more encounters) while White rates have deflated denominators
(fewer encounters) thereby making racial groups more statistically similar [84]. Hence, inci-
dence (i.e., fatality) rates were calculated using the total number of killings within an agency
(numerator) divided by the total jurisdiction population size (denominator). Because racial
inequities in police use of lethal force point to Black civilians being at the greatest risk [5, 12,
35, 39, 87, 88], agency policies found to be protective for Black civilians may benefit all minori-
tized racial groups. Therefore, we conducted separate analyses for agencies involved in all,
White, Black, and non-White civilian killings. Race-specific rates were estimated using race-
specific population size to avoid bias from conditioning on denominators that may over- or
under-represent racial groups within a given jurisdiction. Apart from “Hispanics”, racial cate-
gories were non-Hispanic. The search tool Social Explorer was used to collect demographic
data from the 2016 American Community Survey to measure the total and race-specific popu-
lation distributions within a given jurisdiction [89].

Covariates

Empirically established and theoretical confounders were identified using a directed acyclic
graph (DAG) (S1 Fig); civilian race and agency and jurisdiction-specific characteristics [17, 20,
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21,28, 57, 58, 68, 90]. Race categories included White, Black, and non-White (Black, Asian/
Pacific Islander, Hispanic, Native American, Arab-American, Other/Unknown). Agency type
included municipal and county agencies. Using LEMAS-established cut-points, number of offi-
cers was measured dichotomously (<100, >100). Consistent with the US Census Bureau [91],
U.S. region was categorized as Midwest, Northeast, South, and West. All remaining covariates
were evaluated continuously. Although the link between agency diversity and police killings is
not well-established [68, 90], use of force has been shown to vary by officer race and gender
[20, 92-94] suggesting that agency demographic composition may have implications for policy
implementation; hence, we controlled for both racial and gender diversity. Gender diversity
measured the number of fermale sworn personnel among all sworn personnel. Following previ-
ous work, racial diversity was measured as the proportion of full-time “White” sworn personnel
[57]. Data from Social Explorer [89] measured percent native, educational attainment (>HS &
>BA/BS), poverty rate, owner occupied housing units, and married, as well as Gini index (per-
fect income equality to perfect income inequality [range 0-1]), whereas the median was used
for age and income. The Uniform Crime Report measured violent crime rate—the average
crimes reported per 100,000 people [95].

Statistical analysis

Analysis was restricted to agencies involved in one or more civilian deaths during 2015-
2016. Missingness was negligible (3%), nonetheless we performed multiple imputation
(MI) (m =10) [96]: the MI assumption of data missing at random, although ultimately
unverifiable, was supported by the similarity of MI and complete case results. Eighteen
civilian deaths were dropped due to mismatches between agency name and state. One
tribal agency with one Native American fatality was omitted due to inaccessible informa-
tion on jurisdiction characteristics. One municipal agency outlier (i.e., exceptionally large
jurisdiction size) was excluded. The final sample was comprised of 449 municipal and
county agencies involved in at least one civilian killing during 2015-2016. Descriptive sta-
tistics reported for all agencies include all races. Because multiple agencies can be involved
in one civilian killing, race-specific sample sizes will not sum to equal that of all agencies.
Bivariate analyses (e.g., x°) evaluated associations between covariates and each agency pol-
icy and each fatality group.

Model specification involved theory-based (e.g., DAGs) and data-driven approaches to
assess confounding, collinearity, and best model fit. To address over-dispersion of the count
outcome variable, negative binomial regression using robust standard errors estimated inci-
dence rate ratios, adjusted for covariates either significant with two-sided P<0.05 or theoreti-
cal (i.e., “forced-in” regardless of statistical significance). The a priori minimum sample size
required was calculated as 388 agencies (15 potential predictors, 1-B = 0.80, o = 0.05, and f* =
0.05) [97]; p-values were reported at P<0.10 to capture marginally significant estimates within
the smaller race-specific sample sizes. Each policy was examined in a separate adjusted model.
Sensitivity analyses involved adjusted models restricted to agencies with jurisdiction sizes of
35,000 people or more because this was about the minimum-sized county population whereas
the maximum-size of municipal and county populations were similar. STATA 16 was used for
all statistical analyses.

Results
Sample characteristics

Table 1 shows the sample distribution of agency policies by those involved in all, White, Black,
and non-White civilian killings. Table 2 shows the sample distribution of covariates. Overall,
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Table 1. Distribution of 2013 LEMAS policies among agencies involved in all and race-specific police killings in The Counted during 2015-2016.

All Agencies w/Killings Agencies w/White Killings Agencies w/Black Killings Agencies w/non-White Killings
Policy (N =449) (n=297) (n =165) (n=254)
n (column %)
% Full-time personnel
mean (£SD) 94.9 (7.5) 94.7 (8.4) 95.2 (5.8) 95.6 (5.7)
Collective bargaining offered
No 71 (16) 50 (17) 21 (13) 30(12)
Yes 378 (84) 247 (83) 144 (87) 224 (88)
tActive collective bargaining
No 160 (43) 100 (41) 65 (45) 88 (39)
Yes 214 (57) 144 (59) 79 (55) 135 (61)
Mission statement
No 15 (3) 11 (4) 3(2) 5(2)
Yes 433 (97) 434 (96) 162 (98) 249 (98)
Some college required
No 377 (84) 244 (82) 132 (80) 206 (81)
Yes 72 (16) 72 (18) 33 (20) 48 (19)
Additional training for new hires
No 39 (7) 24 (8) 24 (5) 16 (6)
Yes 410 (93) 273 (92) 156 (95) 238 (94)
Community policing training
No 151 (34) 103 (35) 59 (36) 85 (33)
Yes 298 (66) 194 (65) 106 (64) 169 (67)
Less-lethal weapons
range 0-9; mean (+SD) 7.2 (1.5) 7.2 (1.6) 7.1 (1.5) 7.3 (1.5)
Video use
range 0-3; mean (+SD) 1.4 (0.9) 1.4 (0.9) 1.4 (0.9) 1.4 (0.9)
Community evaluation
No 249 (55) 164 (55) 77 (47) 131 (52)
Yes 200 (45) 133 (45) 88 (53) 123 (48)
Incentives
range 0-9; mean (+SD) 3.1(1.9) 3.1(1.9) 3.3(1.8) 3.5(1.8)
Any statistical analysis
No 36 (8) 27 (9) 6 (4) 11 (4)
Yes 413 (92) 270 (91) 159 (96) 243 (96)
“External statistical analysis
No 312 (76) 203 (76) 110 (70) 178 (74)
Yes 97 (24) 65 (24) 48 (30) 62 (26)

Abbreviation: SD = standard deviation.

Note: All agencies’ estimates include all races hence Black and White agency estimates will not sum to equal all agencies.
tAll agencies (n = 374); Agencies w/White killings (n = 244); Agencies w/Black killings (n = 144); Agencies w/non-White killings (n = 223).
EAll agencies (n = 409); Agencies w/White killings (n = 268); Agencies w/Black killings (n = 158); Agencies w/non-White killings (n = 240).

https://doi.org/10.1371/journal.pone.0252749.t001

agencies involved in civilian killings were largely municipal (72%), had 100 or more officers
(72%), were located in the South (46%), and had high Black population densities compared to
the general population (46% vs. 13%). Full-time sworn personnel were mostly White (75%)
and male (90%). Bivariate analyses are presented in S3 Table.
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Table 2. Distribution of organization and jurisdiction characteristics among agencies involved in all and race-specific police killings in The Counted during 2015-

2016.
All Agencies w/Killings Agencies w/ White Killings Agencies w/ Black Killings Agencies w/non-White Killings
Organization Characteristics (N =449) (n=297) (n=165) (n=254)
Agency type n (column %)
County 127 (28) 94 (32) 36 (22) 54 (21)
Municipal 322 (72) 203 (68) 129 (78) 200 (79)
US region
West 143 (32) 95 (32) 34 (21) 90 (35)
Midwest 71 (16) 53 (18) 24 (15) 29 (11)
South 208 (46) 135 (45) 95 (58) 119 (47)
Northeast 27 (6) 14 (5) 12 (7) 16 (6)
# Officers
<100 125 (28) 88 (30) 16 (10) 42 (17)
100+ 324 (72) 209 (70) 149 (90) 212 (83)
mean (+SD)
% Female personnel 10.1 (5.5) 11.0 (5.1) 13.2 (5.8) 11.9 (5.7)
% White personnel 75.1 (2.4) 78.6 (2.4) 69.7 (2.2) 68.1 (2.4)

Jurisdiction Characteristics

Population size (100K)

289.2 (489.3)

313.1 (538.8)

440.3 (637.9)

381.4 (572.9)

% Black population 45.6 (98.1) 42.5 (102.6) 90.8 (138.8) 66.6 (119.3)
Median age 36.7 (5.2) 37.2(5.5) 36.2 (4.7) 36.7 (4.6)
% US native 86.7 (11.0) 87.9(10.2) 85.2 (11.0) 84.1 (11.4)
% HS Diploma 85.9 (7.7) 87.1(6.1) 85.5 (7.1) 84.4 (8.6)
% BA/BS Degree 28.4(11.8) 29.1(11.6) 29.9(11.4) 28.5(11.6)
Gini index 0.47 (0.22) 0.47 (0.27) 0.50 (0.35) 0.48 (0.29)
Median income (K) 53.9(17.1) 55.0 (16.9) 50.9 (15.2) 52.4 (15.4)
% Poverty 16.8 (7.1) 15.8 (6.4) 18.9 (7.5) 18.2(7.3)
% Married 46.9 (7.9) 48.2 (7.4) 42.9(7.7) 44.7 (7.6)
% Owner occupied housing 57.7 (12.0) 59.5 (11.6) 52.8 (11.7) 54.3 (11.4)

Violent crime rate (100K)

409.5 (364.8)

356.0 (318.8)

584.2 (426.1)

517.5 (389.8)

Abbreviations: HS = high school; BA/BS = bachelor’s; SD = standard deviation; K = 1,000.

https://doi.org/10.1371/journal.pone.0252749.t1002

Regression model specification

Number of officers, percent female personnel, percent with a HS diploma or bachelor’s degree,
median income, percent poverty status, violent crime rate, percent Black population, and total
population size contributed to 99.3% of the principal components (eigenvalues>1). Among
these, the highly correlated socioeconomic and demographic variables (P<0.05) contributing
the least to the variance were excluded; percent with a HS diploma, poverty, and total popula-
tion size. Bivariable analysis showed that each remaining covariate confounded the exposure-
outcome association independently (P<0.05). Nested modeling and Akaike and Bayesian
information criteria indicated that violent crime rate did not improve model fit; however, it
was considered an important theoretical confounder and thereby was included in the analysis.

Multivariable negative binomial regression

Table 3 shows adjusted incidence rate ratios (IRRs) comparing rates of police killings between
US law enforcement agencies with and without selected policies. All models were adjusted for
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Table 3. Multivariable negative binomial regression of municipal and county-level police killing rates on 2013 LEMAS policies by agencies in The Counted during
2015-2016, counts by all and race-specific killings.

*All Agencies w/Killings ®Agencies w/White Killings bAgencies w/Black Killings | "Agencies w/Non-White Killings
(N = 449) (n=297) (n = 165) (n = 254)

Policy IRR | LB95%CI | UB95% CI | IRR | LB95% CI | UB95% CI | IRR | LB95% CI | UB95% CI | IRR | LB 95% CI | UB 95% CI
% Full-time personnel | *0.847 0.771 0.930 | 0.966 0.861 1.084 | 1.975 0.765 1.243 | 0.850 0.732 0.987
Collective bargaining 0.958 0.778 1.180 | 0.938 0.771 1.142 | 0.838 0.524 1.339 | 0.919 0.601 1.404
*Active bargaining 0.977 0.836 1.142 | 1.103 0.903 1.348 | 1.128 0.833 1.527 | 0.924 0.754 1.133
Mission statement *0.696 0.576 0.841 | 0.595 0.395 0.897 | 0.959 0.658 1.397 | 0.681 0.404 1.149
Some college required 1.121 0.963 1.304 | 1.017 0.790 1.309 | 1.139 0.833 1.557 | 0.870 0.695 1.088
Additional training 1.274 0.973 1.668 | 1.041 0.831 1.305 | 0.908 0.560 1.472 | 1.207 0.802 1.816
Community policing 0.967 0.843 1.108 | 0.975 0.823 1.156 | 0.890 0.666 1.191 | 0.987 0.812 0.200
Less-lethal weapons 0.991 0.944 1.039 | 0.972 0.917 1.029 | 1.091 0.998 1.192 | 1.006 0.939 1.078
Video use 1.020 0.945 1.102 | 1.133 1.005 1.278 | 0.940 0.815 1.083 | 1.018 0.904 1.146
Community evaluation 0.919 0.801 1.053 | 0.823 0.683 0.992 | 1.052 0.816 1.356 | 1.071 0.873 1.314
Incentives 0.986 0.948 1.025 | 0.997 0.941 1.056 | 1.041 0.954 1.137 | 0.941 0.885 0.999
Any statistical analysis 0.884 0.652 1.198 | 1.005 0.745 1.355 | 0.706 0.279 1.787 | 0.735 0.362 1.494
“External analysis 1.015 0.870 1.184 | 0.983 0.776 1.245 | 0.799 0.619 1.031 | 0.983 0.822 1.175

Abbreviations: LEMAS = Law Enforcement Management and Administrative Statistics; IRR = incidence rate ratio; CI = confident interval; LB = lower bound;

UB = upper bound; HS = high school.

“Estimates adjusted for agency type, number of officers, percent female personnel, median income, percent with a Bachelor’s degree, violent crime rate, and percent
Black population.

PEstimates adjusted for agency type, number of officers, percent female personnel, median income, percent with a Bachelor’s degree, violent crime rate, and jurisdiction
population size.

tAll agencies (n = 374); Agencies w/White killings (n = 244); Agencies w/Black killings (n = 144); Agencies w/non-White killings (n = 223).

“All agencies (n = 409); Agencies w/White killings (n = 268); Agencies w/Black killings (n = 158); Agencies w/non-Whites Killings (n = 240).

Bolded =

*P<0.01, P<0.05; Italicized = P<0.10.

https://doi.org/10.1371/journal.pone.0252749.t003

agency type, number of officers, percent female personnel, median income, percent with a
bachelor’s degree, and violent crime rate. To account for variation in jurisdiction size, race-
specific models were further adjusted for total population size. Given that total population size
was used to calculate the incidence rate for all civilian killings, models including all agencies
were further adjusted for Black population density to account for size differences in the sub-
population at highest risk of being killed by police [2, 3, 7, 12].

Higher proportions of full-time sworn personnel were associated with lower fatality rates
for agencies involved in all (IRR = 0.85; 95% confidence interval [CI] = 0.77-0.93) and non-
White civilian killings (IRR = 0.85; CI = 0.73-0.99). Having a mission statement predicted
lower rates of all (IRR = 0.70; CI = 0.58-0.84) and White killings (IRR = 0.60; CI = 0.40-0.90).
Offering personnel incentives predicted a lower non-White rate (IRR = 0.94; CI = 0.89-1.00).
Agencies participating in community evaluation had a lower White rate (IRR = 0.82;

CI = 0.68-0.99). Greater video use predicted a higher White rate (IRR = 1.13; CI = 1.01-1.28).
Additional training for new-hires predicted a marginally higher rate of all killings (IRR = 1.27;
CI =0.97-1.67). Greater use of less-lethal weapons predicted a marginally higher Black rate
(IRR =1.09; CI = 1.00-1.19). Utilizing an external organization to conduct internal statistical
analysis or research had a marginally lower Black rate (IRR = 0.80; CI = 0.62-1.03). Our sensi-
tivity analyses showed that restricting the sample to jurisdiction sizes of 35,000+ people did
not meaningfully change the magnitude or direction of any estimates, though, unsurprisingly,
precision was reduced or remained unchanged.
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Discussion

We leveraged national data to provide evidence of the role that US law enforcement policies
may play on police killings of civilians by racial group. This observational study was not
intended to establish causation. Moreover, the lack of complete LEMAS data to match to all
killings in The Counted render our findings exploratory; results should be interpreted with
caution. That said, our results are strongly suggestive of strategies worth evaluating among
agencies involved in civilian fatalities. As hypothesized, nearly all policies were protective.
Contrary to our hypothesis, (1) associations were stronger for agencies involved in White (vs.
Black) killings, (2) one policy was harmful for White rates, (3) policies intended to combat
avoidable fatalities in racially minoritized communities were statistically null for Black and
non-White rates but not White rates, and (4), most notably, no policies were significantly asso-
ciated with a change in Black killing rates. Prior evidence has shown officer-level interventions
to be ineffective at reducing use of force [58, 76, 77, 98] or mitigating racial disparities [88].
Our results show that agency-level policies related to organizational culpability may be effec-
tive, albeit differentially by racial group. Our findings suggest that White civilians may benefit
more from agency policies that help mitigate avoidable police killings than civilians of color.

Full-time sworn personnel

Our finding that agencies with more full-time personnel had lower rates of all and non-White
civilian killings is novel. One study reported that agencies with more full-time sworn officers
had lower citizen complaints while those having internal affairs units with full-time personnel
had higher complaint rates, which the researchers suggest could represent the presence of
more structured internal policies and procedures [17]. We found null associations for White
and Black civilian subgroups, suggesting a greater influence of full-time personnel on more
racially diverse communities. Our findings support the commonly cited hypothesis that a
more structured police organization may lead to greater officer accountability and improved
officer behavior [17, 49, 58]. The mechanism linking full-time personnel and police killings
through organizational structure is unclear and warrants further consideration.

Mission statement

Having an established mission statement predicted lower rates of all and White civilian kill-
ings, which has not yet been reported. Police agency mission/value statements communicate
the fundamental beliefs that govern organizational policy, priorities, and commitment to the
community served. The null findings for agencies involving racially minoritized groups (vs.
White) was surprising given they were slightly more likely to have a mission statement (98%
vs. 96% respectively). Future qualitative content analysis of language used in established mis-
sion statements (e.g., diversity or equal protection component) as predictors of officer use of
deadly force might help elucidate its role.

Community evaluation

Inconsistent with related work, community evaluation was protective in this study, but only
for White civilian killings. Agencies utilizing citizen/community review boards have reported
increased excessive use of force complaints yet study findings are not disaggregated by civilian
race [17, 99]. In the current study, agencies involved in White fatalities had the lowest propor-
tion of community evaluation. Our findings suggest that White civilians may benefit from
community evaluation initiatives, more so than other racial groups. Further, jurisdictional
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differences in the sociodemographic composition may influence whether community evalua-
tion is implemented and to what extent it benefits minoritized populations.

Incentives

We are seemingly the first to report increased personnel incentives associated with lower non-
White civilian fatalities. Seminal works by Uelmen (1973) and Sherman (1983) posited that
changes to organizational incentives may mitigate avoidable police killings [50, 54]. Similarly,
McElvain and Kposowa (2008) recommended officer college education incentives after finding
that college-educated (vs. no college) officers were less likely to be involved in a shooting [20].
However, current research on organizational regulations aimed to reduce police killings
largely focus on restrictive use of deadly force policies and supervisor oversight [27, 45, 51, 53,
57]. Our finding bolsters the notion that personnel incentives may be one agency policy that
can mitigate deadly force, particularly against people of color.

Video use

Opposite our hypothesis, our finding that video use was associated with higher White civilian
rates was likewise novel. Most studies, including randomized control trials, solely examine the
influence of body cameras on officer force, and findings are mixed [59, 67, 76, 77, 100-103].
To compare findings to this literature, we evaluated body camera use independently (vs. 4
video types) and the association was also positive. These combined results underscore our lack
of understanding about how video use truly impacts officer behavior, meriting continued
study.

Marginal findings

A marginally significant association suggests that additional training for new-hires trends
toward higher rates of all civilian killings, which aligns with previous work showing a positive
association between officer field training and police killings [58]. The type of additional new
officer training (e.g., racial bias, de-escalation vs. physical restraint) may be reflective of inter-
nal agency dynamics, which has a strong influence on officer use of lethal force [48, 104].
Therefore, more officer training is not likely to change officer behavior unless the agency cul-
ture and type of training demands it. In LEMAS, the additional training was not characterized,
so there is no way to know what type of training(s) may have unintended fatal consequences,
further indicating a cautious interpretation of this finding.

External statistical analysis and less-lethal weapons use were marginally associated with
Black civilian killings. Having an external organization conduct internal research trended
toward lower rates. Analysis type was not reported (e.g., crime, geospatial), thus the specific
research that may be protective is unknown. Plausibly, agencies that allow external organiza-
tions to examine internal performance may promote wider transparency and greater agency
liability, which in turn, contributes to less use of officer force, particularly against Black civil-
ians, thereby reducing police killings and perhaps racial inequities.

Conversely, less-lethal weapons use was positively associated with a marginally higher Black
civilian rate. However, most publications report on the impact of conductive energy devices
(CED) (e.g., Tasers) on police use of deadly force. The overall CED literature points to (1)
greater officer use of CED than firearms when confronting potentially lethal suspect resistance
[105], (2) reduced civilian and officer injuries when used [62], and (3) more restrictive policies
reducing both CED use [51] and use of force overall [27]. Therefore, we assessed Taser use
alone (vs. our composite measure) and our results were null, which aligns with other literature
[98, 106]. Our finding supports public concern that alternate less-lethal weapon use may leave
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civilians of color at higher risk (e.g., neck restraints). Future studies should investigate the
independent impacts of various non-lethal tactics on police killing rates among racially minor-
itized groups.

The absence of any statistically significant policy associations among agencies involved in
Black killings is an important finding. One interpretation is that our models lacked sufficient
statistical power to detect an association due to a modest number of agencies involved in Black
killings (N = 165). Another interpretation is that the policies we examined are ineffective at
reducing the killings of Black people. This includes policies that specifically purport to protect
Black lives, such as the use of body cameras and less-lethal weapons training. This finding has
urgent policy implications. Though support for defunding or reforming police departments is
increasing, past reform efforts have not reduced police violence or improved community health
[107]. For example, officer body camera use has increased since the 2014 killing of Michael
Brown yet police shootings largely remain unchanged [108]. Two recent policy statements
passed by the American Public Health Association identify law enforcement and the carceral
system more broadly as a threat to the public’s health, calling for a disinvestment in and aboli-
tion of these systems and investment in alternative strategies to promote equitable community
health and wellbeing [109, 110]. Critical to this recommendation is the stance that additional
reforms of an inherently violent and racist social institution will fail. Our finding that a host of
different policy reforms are ineffective at protecting Black lives supports this conclusion.

Limitations and strengths

Our exploratory study findings should be interpreted with caution. Causal inference cannot be
inferred using this cross-sectional design. Though temporality was established as each policy
was implemented prior to each fatality, LEMAS does not track or report the ongoing active sta-
tus of agency policies, hence it is unclear whether policies remained implemented at time of
death. Several factors limit generalizability. US law enforcement agencies were not required to
participate; however, LEMAS surveyed a random sample and the response rate was high (85%)
thus the agencies included should be fairly representative. External validity is further compro-
mised by half of cases being excluded. Despite the high response rate, there may be some self-
selection bias introduced in terms of organizational or cultural differences between agencies
that opted in and out of participation. Apart from race, we found no differences in matched and
unmatched cases (S1 Table). However, differences between the matched and unmatched agen-
cies emerged, suggesting bias resulting from unobserved variation in agency characteristics (S2
Table). Because law enforcement agencies are not required to collect or report information asso-
ciated with agency policies, police—civilian encounters, or use of force events to a national regis-
try [70, 111-113], there is no way to test this assumption. Moreover, we are unable to predict
the direction of the bias without knowing the distribution of the outcome in unmatched agen-
cies during other years. Though not formally validated in association with deadly use of force
events, several LEMAS measures appear consistent with other findings [17, 58]. Internal validity
also largely depends on accurate data collection and proper validation by The Guardian.
Although The Counted database is considered reliable [73, 74], it is improbable that all known
cases are accurately reported to any system, conceivably leading to an underestimate of the true
prevalence of police killings. Last, due to a small sample size, the likelihood of a committing a
Type I error was higher for agency estimates involving race-specific civilian killings.

Conclusion

Police use of fatal force is a public health crisis with countless adverse direct and indirect
impacts on individuals and communities. US law enforcement agency policies may reduce
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avoidable police killings. However, policy predictors mitigating fatalities show variation by
racial group with little to no benefit offered to Black civilians. Racial inequity in fatalities
undermines police effectiveness and contributes to racial health disparities. Hence, impact
evaluations and meta-analyses of law enforcement reform efforts to protect Black lives should
be explored. To build upon the current research, a follow-up investigation among all LEMAS
agencies, those with and without fatalities, would provide deeper insight into whether and to
what extent each policy may predict the risk of civilian deaths caused by law enforcement
nationwide. Importantly, better data for rigorous research is essential to address this issue. Pri-
mary prevention efforts focused on investing in communities, rather than policing, is critical
for truly achieving community safety, equity, and wellbeing.

Supporting information

S1 Fig. Directed acyclic graph representing working knowledge of factors linking US law
enforcement policies and police killings.
(PNG)

§1 Table. Sample distribution of civilian characteristics in The Counted by agency-match
status (N = 2,238).
(DOCX)

$2 Table. Sample distribution of 2013 LEMAS agency policy by case-match status
(N = 2,826).
(DOCX)

S3 Table. Bivariate analyses between covariates and 2013 LEMAS agency policies and
police killings in The Counted during 2015-16 (N = 449).
(DOCX)

Acknowledgments

We wish to thank Dr. Kristian Lum, Lead Statistician at the Human Rights Data Analysis
Group, for comments on statistical analysis. We thank Dr. M. Maria Glymour, Professor of
Epidemiology & Biostatistics at the University of California, San Francisco, and the HEARTSs
(Health Effects Associated with Racism Threat) Research Group at the University of Califor-
nia, Berkeley, specifically Dr. Rachel Berkowitz, Elleni Hailu, Dr. Thu Thi Xuan Nguyen, and
Kevin Lee, for comments regarding the refinement of this manuscript. We would also like to
thank the anonymous reviewers for comments on previous drafts of this manuscript.

Author Contributions

Conceptualization: Marilyn D. Thomas, Alexis N. Reeves, Amani M. Allen.
Data curation: Marilyn D. Thomas, Alexis N. Reeves.

Formal analysis: Marilyn D. Thomas, Nicholas P. Jewell, Amani M. Allen.
Investigation: Marilyn D. Thomas.

Methodology: Marilyn D. Thomas, Alexis N. Reeves, Nicholas P. Jewell, Eli K. Michaels,
Amani M. Allen.

Project administration: Marilyn D. Thomas.

Supervision: Marilyn D. Thomas.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 12/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252749.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252749.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252749.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252749.s004
https://doi.org/10.1371/journal.pone.0252749

PLOS ONE

US law enforcement policy predictors and police fatalities

Writing - original draft: Marilyn D. Thomas.

Writing - review & editing: Marilyn D. Thomas, Alexis N. Reeves, Nicholas P. Jewell, Eli K.
Michaels, Amani M. Allen.

References

1. Merriam-Webster.com. Definition: Kill. In. Merriam-Webster2020

2. Buehler JW. Racial/ethnic disparities in the use of lethal force by US Police, 2010-2014. Am J Public
Health. 2017; 107(2). https://doi.org/10.2105/AJPH.2016.303575 PMID: 27997230

3. DeGue S, Fowler KA, Calkins C. Deaths Due to Use of Lethal Force by Law Enforcement: Findings
From the National Violent Death Reporting System, 17 US States, 2009—-2012. American journal of
preventive medicine. 2016; 51(5):S173-S187.

4. Feldman JM, Chen JT, Waterman PD, Krieger N. Temporal Trends and Racial/Ethnic Inequalities for
Legal Intervention Injuries Treated in Emergency Departments: US Men and Women Age 15-34,
2001-2014. J Urban Health. 2016; 93(5):797-807. https://doi.org/10.1007/s11524-016-0076-3 PMID:
27604614

5. Hehman E, Flake JK, Calanchini J. Disproportionate use of lethal force in policing is associated with
regional racial biases of residents. Social psychological and personality science. 2018; 9(4):393—401.

6. Hyland S, Langton L, Davis E. Police use of nonfatal force, 2002—2011. In: Statistics BoJ, ed2015.

7. Krieger N, Kiang MV, Chen JT, Waterman PD. Trends in US deaths due to legal intervention among
black and white men, age 15-34 years, by county income level: 1960-2010. Harvard Public Health
Review. 2015; 3:1-5.

8. LottJR, Moody CE. Do white police officers unfairly target black suspects? Available at SSRN
2870189. 2016.

9. Mesic A, Franklin L, Cansever A, et al. The Relationship Between Structural Racism and Black-White
Disparities in Fatal Police Shootings at the State Level. J Natl Med Assoc. 2018.

10. NixJ, Campbell BA, Byers EH, Alpert GP. A Bird’s Eye View of Civilians Killed by Police in 2015. Crimi-
nology & Public Policy. 2017.

11.  Price JH, Payton E. Implicit Racial Bias and Police Use of Lethal Force: Justifiable Homicide or Poten-
tial Discrimination? Journal of African American Studies. 2017:1-10.

12. Ross CT. A multi-level Bayesian analysis of racial bias in police shootings at the county-level in the
United States, 2011-2014. PloS one. 2015; 10(11):e0141854. https://doi.org/10.1371/journal.pone.
0141854 PMID: 26540108

13. Smith BW, Holmes MD. Police use of excessive force in minority communities: A test of the minority
threat, place, and community accountability hypotheses. Social Problems. 2014; 61(1):83—-104.

14. Centers for Disease Control and Prevention CDC. Injury Prevention & Control. Web-based Injury Sta-
tistics Query and Reporting System (WISQARS™) Fatal Injury Help Menu 2019; https://www.cdc.gov/
injury/wisgars/fatal_help/definitions_fatal.html#%205.1%20Definitions%20for%20Mortality%20(Fatal
%20Injury)%20Reports.

15. Friedrich RJ. Police use of force—individuals, situations, and organizations. Annals of the American
Academy of Political and Social Science. 1980; 452(NOV):82—-97.

16. Alpert GP, MacDonald JM. Police use of force: An analysis of organizational characteristics. Justice
Quarterly. 2001; 18(2):393—409.

17. Hickman MJ, Piquero AR. Organizational, administrative, and environmental correlates of complaints
about police use of force: Does minority representation matter? Crime & Delinquency. 2009; 55(1):3—
27.

18. LeeH,JangH, Yunl, Lim H, Tushaus DW. An examination of police use of force utilizing police training
and neighborhood contextual factors A multilevel analysis. Policing-An Int J Police Strategies &
Manag. 2010; 33(4):681-702.

19. LeeH, Vaughn MS, Lim H. The impact of neighborhood crime levels on police use of force: An exami-
nation at micro and meso levels. Journal of Criminal Justice. 2014; 42(6):491-499.

20. McElvain JP, Kposowa AJ. Police officer characteristics and the likelihood of using deadly force. Crimi-
nal Justice and Behavior. 2008; 35(4):505-521.

21. Paoline EAIII, Terrill W. Police education, experience, and the use of force. Criminal justice and
behavior. 2007; 34(2):179—-196.

22. Prenzler T, Porter L, Alpert GP. Reducing police use of force: case studies and prospects. Aggression

and Violent Behavior. 2013; 18(2):343-356.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 13/17


https://doi.org/10.2105/AJPH.2016.303575
http://www.ncbi.nlm.nih.gov/pubmed/27997230
https://doi.org/10.1007/s11524-016-0076-3
http://www.ncbi.nlm.nih.gov/pubmed/27604614
https://doi.org/10.1371/journal.pone.0141854
https://doi.org/10.1371/journal.pone.0141854
http://www.ncbi.nlm.nih.gov/pubmed/26540108
https://www.cdc.gov/injury/wisqars/fatal_help/definitions_fatal.html#%205.1%20Definitions%20for%20Mortality%20(Fatal%20Injury)%20Reports
https://www.cdc.gov/injury/wisqars/fatal_help/definitions_fatal.html#%205.1%20Definitions%20for%20Mortality%20(Fatal%20Injury)%20Reports
https://www.cdc.gov/injury/wisqars/fatal_help/definitions_fatal.html#%205.1%20Definitions%20for%20Mortality%20(Fatal%20Injury)%20Reports
https://doi.org/10.1371/journal.pone.0252749

PLOS ONE

US law enforcement policy predictors and police fatalities

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Sewell AA, Jefferson KA. Collateral damage: the health effects of invasive police encounters in New
York City. Journal of Urban Health. 2016; 93(1):42—67. https://doi.org/10.1007/s11524-015-0016-7
PMID: 26780583

Shjarback JA, White MD. Departmental professionalism and its impact on indicators of violence in
police—citizen encounters. Police quarterly. 2016; 19(1):32-62.

Terrill W, Leinfelt FH, Kwak D-H. Examining police use of force: A smaller agency perspective. Polic-
ing: an international journal of police strategies & management. 2008; 31(1):57-76.

Terrill W, Mastrofski SD. Situational and officer-based determinants of police coercion. Justice quar-
terly. 2002; 19(2):215-248.

Terrill W, Paoline EA lIl. Police use of less lethal force: does administrative policy matter? Justice
Quarterly. 2017; 34(2):193-216.

Terrill W, Reisig MD. Neighborhood context and police use of force. Journal of research in crime and
delinquency. 2003; 40(3):291-321.

Worden RE. The ‘causes’ of police brutality: theory and evidence on police use of force. ER Maguire,
& DE Duffee, Criminal Justice Theory: Explaining The Nature and Behavior of Criminal Justice. 2015;
2:149-204.

Chaney C, Robertson RV. Armed and dangerous? An examination of fatal shootings of unarmed black
people by police. Journal of Pan African Studies. 2015; 8(4):45-78.

Dunham RG, Petersen N. Making Black Lives Matter: Evidence-Based Policies for Reducing Police
Bias in the Use of Deadly Force. Criminology & Public Policy. 2017; 16(1):341-348.

Feldman J. Roland Fryer Is Wrong: There Is Racial Bias in Shootings by Police [Blog post]. In: July;
2016.

Hadden BR, Tolliver W, Snowden F, Brown-Manning R. An authentic discourse: Recentering race and
racism as factors that contribute to police violence against unarmed Black or African American men.
Journal of Human Behavior in the Social Environment. 2016; 26(3—4):336—349.

Hall AV, Hall EV, Perry JL. Black and blue: Exploring racial bias and law enforcement in the killings of
unarmed black male civilians. Am Psychol. 2016; 71(3):175. https://doi.org/10.1037/a0040109 PMID:
27042881

Mesic A, Franklin L, Cansever A, et al. The relationship between structural racism and black-white dis-
parities in fatal police shootings at the state level. J Natl Med Assoc. 2018; 110(2):106—116. https://doi.
org/10.1016/j.jnma.2017.12.002 PMID: 29580443

Milner AN, George BJ, Allison DB. Black and Hispanic men perceived to be large are at increased risk
for police frisk, search, and force. PloS one. 2016; 11(1):e0147158. https://doi.org/10.1371/journal.
pone.0147158 PMID: 26785118

Smiley C, Fakunle D. From “brute” to “thug:” The demonization and criminalization of unarmed Black
male victims in America. Journal of human behavior in the social environment. 2016; 26(3—4):350—
366. https://doi.org/10.1080/10911359.2015.1129256 PMID: 27594778

Knox D, Mummolo J. Making inferences about racial disparities in police violence. Available at SSRN
3431132. 2019.

Thomas MD, Jewell NP, Allen AM. Black and unarmed: statistical interaction between age, perceived
mental iliness, and geographic region among males fatally shot by police using case-only design. Ann
Epidemiol. 2020.

Klahm CF, Frank J, Liederbach J. Understanding police use of force Rethinking the link between
conceptualization and measurement. Policing-An Int J Police Strategies & Manag. 2014; 37(3):558-
578.

Lersch KM, Mieczkowski T. Violent police behavior: Past, present, and future research directions.
Aggression and violent behavior. 2005; 10(5):552-568.

Rydberg J, Terrill W. The effect of higher education on police behavior. Police Quarterly. 2010; 13
(1):92-120.

Hickman MJ, Poore JE. National data on citizen complaints about police use of force: Data quality con-
cerns and the potential (mis) use of statistical evidence to address police agency conduct. Criminal
Justice Policy Review. 2016; 27(5):455—479.

Rossler MT, Terrill W. Mental iliness, police use of force, and citizen injury. Police quarterly. 2017; 20
(2):189-212.

Alonso JA. How Police Culture Affects the Way Police Departments View and Utilize Deadly Force Pol-
icies under the Fourth Amendment. Ariz L Rev. 2018; 60:987.

Paoline EA IlI. Taking stock: Toward a richer understanding of police culture. Journal of criminal jus-
tice. 2003; 31(3):199-214.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 14/17


https://doi.org/10.1007/s11524-015-0016-7
http://www.ncbi.nlm.nih.gov/pubmed/26780583
https://doi.org/10.1037/a0040109
http://www.ncbi.nlm.nih.gov/pubmed/27042881
https://doi.org/10.1016/j.jnma.2017.12.002
https://doi.org/10.1016/j.jnma.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/29580443
https://doi.org/10.1371/journal.pone.0147158
https://doi.org/10.1371/journal.pone.0147158
http://www.ncbi.nlm.nih.gov/pubmed/26785118
https://doi.org/10.1080/10911359.2015.1129256
http://www.ncbi.nlm.nih.gov/pubmed/27594778
https://doi.org/10.1371/journal.pone.0252749

PLOS ONE

US law enforcement policy predictors and police fatalities

47.
48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

Terrill W, Paoline EA Ill, Manning P. Police culture and coercion. Criminology. 2003; 41(4):1003-1034.
Armacost BE. Organizational culture and police misconduct. Geo Wash L Rev. 2003; 72:453.

Sherman LW. Reducing fatal police shootings as system crashes: Research, theory, and practice.
Annual Review of Criminology. 2018; 1:421-449.

Uelmen GF. Varieties of police policy: A study of police policy regarding the use of deadly force in Los
Angeles County. Loy LAL Rev. 1973; 6:1.

Bishopp SA, Klinger DA, Morris RG. An examination of the effect of a policy change on police use of
TASERs. Criminal Justice Policy Review. 2015; 26(7):727-746.

Blumberg M. Controlling police use of deadly force: Assessing two decades of progress. Critical issues
in policing. 1989:442-464.

Nowacki JS. Organizational-level police discretion: An application for police use of lethal force. Crime
& delinquency. 2015; 61(5):643—-668.

Sherman LW. Reducing police gun use: Critical events, administrative policy and organizational
change. Control in the police organization. 1983:98-125.

White MD. Controlling police decisions to use deadly force: Reexamining the importance of administra-
tive policy. Crime & Delinquency. 2001; 47(1):131-151.

Bailey WC. Less-than-lethal weapons and police-citizen killings in US urban areas. Crime & Delin-
quency. 1996; 42(4):535-552.

Jennings JT, Rubado ME. Preventing the Use of Deadly Force: The Relationship between Police
Agency Policies andRatesofOfficer-InvolvedGun Deaths. Public Adm Rev. 2017; 77(2):217-225.

Smith BW. Structural and organizational predictors of homicide by police. Policing: An International
Journal of Police Strategies & Management. 2004; 27(4):539-557.

Jennings WG, Fridell LA, Lynch M, Jetelina KK, Reingle Gonzalez JM. A quasi-experimental evalua-
tion of the effects of police body-worn cameras (BWCs) on response-to-resistance in a large metropoli-
tan police department. Deviant behavior. 2017; 38(11):1332—-1339.

Lee H, Vaughn MS. Organizational factors that contribute to police deadly force liability. Journal of
Criminal Justice. 2010; 38(2):193-206.

Nowacki JS, Willits D. Adoption of body cameras by United States police agencies: an organisational
analysis. Policing and society. 2018; 28(7):841-853.

MacDonald JM, Kaminski RJ, Smith MR. The effect of less-lethal weapons on injuries in police use-of-
force events. Am J Public Health. 2009; 99(12):2268-2274. https://doi.org/10.2105/AJPH.2009.
159616 PMID: 19846686

Nicholson-Crotty S, Nicholson-Crotty J, Fernandez S. Will more black cops matter? Officer race and
police-involved homicides of black citizens. Public Adm Rev. 2017; 77(2):206—216.

Paoline EA Il Myers SM, Worden RE. Police culture, individualism, and community policing: Evidence
from two police departments. Justice quarterly. 2000; 17(3):575-605.

Shane JM. Organizational stressors and police performance. Journal of criminal justice. 2010; 38
(4):807-818.
Engel RS, Corsaro N, Isaza GT, McManus HD. Examining the Impact of Integrating Communications,

Assessment, and Tactics (ICAT) De-escalation Training for the Louisville Metro Police Department:
Initial Findings. In: Alexandria, VA: International Association of Chiefs of Police. Retrieved .. .; 2020.

Cubitt T, Lesic R, Myers GL, Corry R. Body-worn video: A systematic review of literature. Australian &
New Zealand Journal of Criminology. 2017; 50(3):379-396.

Smith BW. The impact of police officer diversity on police-caused homicides. Policy Studies Journal.
2003; 31(2):147-162.

The Guardian. The Counted: people killed by police in the US: About the project. 2017.

Law Enforcement Management and Administrative Statistics. 2019. https://www.bjs.gov/index.cfm?
ty=dcdetail&iid=248. Accessed July 9, 2018.

Conner A, Azrael D, Lyons VH, Barber C, Miller M. Validating the National Violent Death Reporting
System as a source of data on fatal shootings of civilians by law enforcement officers. Am J Public
Health. 2019; 109(4):578-584. https://doi.org/10.2105/AJPH.2018.304904 PMID: 30789773

Finch BK, Beck A, Burghart DB, Johnson R, Klinger D, Thomas K. Using Crowd-Sourced Data to
Explore Police-Related-Deaths in the United States (2000—2017): The Case of Fatal Encounters.
Open Health Data. 2019; 6(1).

Feldman JM, Gruskin S, Coull BA, Krieger N. Quantifying underreporting of law-enforcement-related
deaths in United States vital statistics and news-media-based data sources: A capture—recapture

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 15/17


https://doi.org/10.2105/AJPH.2009.159616
https://doi.org/10.2105/AJPH.2009.159616
http://www.ncbi.nlm.nih.gov/pubmed/19846686
https://www.bjs.gov/index.cfm?ty=dcdetail&iid=248
https://www.bjs.gov/index.cfm?ty=dcdetail&iid=248
https://doi.org/10.2105/AJPH.2018.304904
http://www.ncbi.nlm.nih.gov/pubmed/30789773
https://doi.org/10.1371/journal.pone.0252749

PLOS ONE

US law enforcement policy predictors and police fatalities

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
96.

analysis. PLoS medicine. 2017; 14(10):e1002399. https://doi.org/10.1371/journal.pmed.1002399
PMID: 29016598

Krieger N, Chen JT, Waterman PD, Kiang MV, Feldman J. Police killings and police deaths are public
health data and can be counted. PLoS medicine. 2015; 12(12):e1001915. https://doi.org/10.1371/
journal.pmed.1001915 PMID: 26645383

Matusiak M C., Campbell B A., King W R.. The legacy of LEMAS: Effects on police scholarship of a
federally administered, multi-wave establishment survey. Policing: an international journal of police
strategies & management. 2014; 37(3):630-648.

Ariel B, Sutherland A, Henstock D, et al. Wearing body cameras increases assaults against officers
and does not reduce police use of force: Results from a global multi-site experiment. European Journal
of Criminology. 2016; 13(6):744—755.

Grossmith L, Owens C, Finn W, Mann D, Davies T, Baika L. Police, camera, evidence: London’s clus-
ter randomised controlled trial of body worn video. London: College of Policing. 2015. https://doi.org/
10.1007/s00134-015-3952-5 PMID: 26160727

Avdija AS. The role of police behavior in predicting citizens’ attitudes toward the police. Applied Psy-
chology in Criminal Justice. 2010; 6(2):76—-90.

Reisig MD, Parks RB. Neighborhood context, police behavior and satisfaction with police. Justice
Research and Policy. 2003; 5(1):37-65.

Soo Son |, Tsang C-W, Rome DM, Davis MS. Citizens’ observations of police use of excessive force
and their evaluation of police performance. Policing: An International Journal of Police Strategies &
Management. 1997; 20(1):149-159.

Lewin D. Incentive compensation in the public sector: Evidence and potential. Journal of Labor
Research. 2003; 24(4):597-619.

Lewin D. Incentive compensation in the US public sector: A study of usage, perceptions, and prefer-
ences. Paper presented at: annual meeting of the Industrial Relations Research Association, Atlanta,
GA2002.

Najdowski CJ, Bottoms BL, Goff PA. Stereotype threat and racial differences in citizens’ experiences
of police encounters. Law and human behavior. 2015; 39(5):463. https://doi.org/10.1037/Ihb0000140
PMID: 26030449

Ross CT, Winterhalder B, McElreath R. Resolution of apparent paradoxes in the race-specific fre-
quency of use-of-force by police. Palgrave Communications. 2018; 4(1):61.

Knox D, Lowe W, Mummolo J. The Bias Is Built In: How Administrative Records Mask Racially Biased
Policing. Available at SSRN. 2019.

Tregle B, Nix J, Alpert GP. Disparity does not mean bias: making sense of observed racial disparities
in fatal officer-involved shootings with multiple benchmarks. Journal of Crime and Justice. 2019; 42
(1):18-31.

Holmes MD, Painter MA, Smith BW. Race, place, and police-caused homicide in US municipalities.
Justice Quarterly. 2019; 36(5):751-786.

James L, Vila B, Daratha K. Results from experimental trials testing participant responses to White,
Hispanic and Black suspects in high-fidelity deadly force judgment and decision-making simulations.
Journal of Experimental Criminology. 2013; 9(2):189-212.

Social Explorer. 2018. https://www.socialexplorer.com/profiles/essential-report/index.html?utm_
source=email&utm_medium=newsletter&utm_campaign=profiles_2018&utm_content=profiles.
Accessed on January 25, 2019.

Schuck AM, Rabe-Hemp C. Citizen complaints and gender diversity in police organisations. Policing
and Society. 2016; 26(8):859-874.

US Census Bureau. Regions. 2019; https://www.census.gov/regions, Accessed May 30, 2019.

Ba BA, Knox D, Mummolo J, Rivera R. The role of officer race and gender in police-civilian interactions
in Chicago. Science. 2021; 371(6530):696—702. https://doi.org/10.1126/science.abd8694 PMID:
33574207

Schuck AM, Rabe-Hemp C. Women police: The use of force by and against female officers. Women &
Criminal Justice. 2005; 16(4):91-117.

Klahm CF, Tillyer R. Understanding police use of force: A review of the evidence. Southwest journal of
criminal justice. 2010; 7(2):214—-239.

US Department of Justice Federal Bureau of Investigation. Uniform Crime Reporting Statistics. 2017.

Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE. Missing data. In: Regression Methods in Bio-
statistics. Springer; 2012:431-467.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 16/17


https://doi.org/10.1371/journal.pmed.1002399
http://www.ncbi.nlm.nih.gov/pubmed/29016598
https://doi.org/10.1371/journal.pmed.1001915
https://doi.org/10.1371/journal.pmed.1001915
http://www.ncbi.nlm.nih.gov/pubmed/26645383
https://doi.org/10.1007/s00134-015-3952-5
https://doi.org/10.1007/s00134-015-3952-5
http://www.ncbi.nlm.nih.gov/pubmed/26160727
https://doi.org/10.1037/lhb0000140
http://www.ncbi.nlm.nih.gov/pubmed/26030449
https://www.socialexplorer.com/profiles/essential-report/index.html?utm_source=email&utm_medium=newsletter&utm_campaign=profiles_2018&utm_content=profiles
https://www.socialexplorer.com/profiles/essential-report/index.html?utm_source=email&utm_medium=newsletter&utm_campaign=profiles_2018&utm_content=profiles
https://www.census.gov/regions
https://doi.org/10.1126/science.abd8694
http://www.ncbi.nlm.nih.gov/pubmed/33574207
https://doi.org/10.1371/journal.pone.0252749

PLOS ONE

US law enforcement policy predictors and police fatalities

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

Soper D. A-priori Sample Size Calculator for Multiple Regression. Free Statistics Calculators 2018;
https://www.danielsoper.com/statcalc/calculator.aspx?id=1. Accessed August 1, 2018. Accessed
November 21, 2018.

Ba B, Grogger J. The introduction of tasers and police use of force: evidence from the Chicago Police
Department. National Bureau of Economic Research;2018. 0898-2937.

CaoL, Deng X, Barton S. A test of Lundman’s organizational product thesis with data on citizen com-
plaints. Policing: An International Journal of Police Strategies & Management. 2000; 23(3):356-373.

Maskaly J, Donner C, Jennings WG, Ariel B, Sutherland A. The effects of body-worn cameras (BWCs)
on police and citizen outcomes: A state-of-the-art review. Policing: An International Journal of Police
Strategies & Management. 2017; 40(4):672—688.

Lum C, Stoltz M, Koper CS, Scherer JA. Research on body-worn cameras: What we know, what we
need to know. Criminology & Public Policy. 2019; 18(1):93-118.

Ariel B, Farrar WA, Sutherland A. The effect of police body-worn cameras on use of force and citizens’
complaints against the police: A randomized controlled trial. Journal of quantitative criminology. 2015;
31(3):509-535.

Ariel B, Sutherland A, Henstock D, et al. Report: Increases in police use of force in the presence of
body-worn cameras are driven by officer discretion: A protocol-based subgroup analysis of ten ran-
domized experiments. Journal of Experimental Criminology. 2016; 12(3):453—463.

Fyfe JJ. Blind justice: Police shootings in Memphis. J Crim L & Criminology. 1982; 73:707.

Sousa W, Ready J, Ault M. The impact of TASERSs on police use-of-force decisions: Findings from a
randomized field-training experiment. Journal of Experimental Criminology. 2010; 6(1):35-55.

Thomas KJ, Collins PA, Lovrich NP. Conducted energy device use in municipal policing: Results of a
national survey on policy and effectiveness assessments. Police Quarterly. 2010; 13(3):290-315.

Weichselbaum S, Lewis N. Support For Defunding The Police Department Is Growing. Here’s Why It's
Not A Silver Bullet. The Marshall Project. 2020.

The New York Times. Policing: What Changed (and Didn’t) Since Michael Brown Died. August 7,
2019. https://www.nytimes.com/2019/08/07/us/racism-ferguson.html.

American Public Health Association. Addressing harms of the carceral system. Policy number: LB20-
05 2020. https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-
database/2021/01/14/advancing-public-health-interventions-to-address-the-harms-of-the-carceral-
system.

American Public Health Association. Addressing Law Enforcement Violence as a Public Health Issue.
Policy Number: 201811. 2018. hitps://www.apha.org/policies-and-advocacy/public-health-policy-
statements/policy-database/2019/01/29/law-enforcement-violence.

US Bureau of Justice Statistics. All Data Collections. https://www.bjs.gov/index.cfm?ty=dctp.
Accessed on February 6,2019. 2019.

Barber C, Azrael D, Cohen A, et al. Homicides by police: comparing counts from The National Violent
Death Reporting System, vital statistics, and supplementary homicide reports. Journal Information.
2016; 106(5).

Barry R, Jones C. Incomplete records: Hundreds of police killings uncounted in federal stats. The Wall
Street Journal. 2014:A1.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252749  June 23, 2021 17/17


https://www.danielsoper.com/statcalc/calculator.aspx?id=1
https://www.nytimes.com/2019/08/07/us/racism-ferguson.html
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2021/01/14/advancing-public-health-interventions-to-address-the-harms-of-the-carceral-system
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2021/01/14/advancing-public-health-interventions-to-address-the-harms-of-the-carceral-system
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2021/01/14/advancing-public-health-interventions-to-address-the-harms-of-the-carceral-system
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2019/01/29/law-enforcement-violence
https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2019/01/29/law-enforcement-violence
https://www.bjs.gov/index.cfm?ty=dctp
https://doi.org/10.1371/journal.pone.0252749

