
UC Davis
UC Davis Previously Published Works

Title
Correction: Resolution of apparent paradoxes in the race-specific frequency of use-of-
force by police (Palgrave Communications, (2018), 4, 1, (61), 10.1057/s41599-018-0110-
z)

Permalink
https://escholarship.org/uc/item/50q2p3vz

Journal
Palgrave Communications, 4(1)

ISSN
2662-9992

Authors
Ross, CT
Winterhalder, B
McElreath, R

Publication Date
2018-12-01

DOI
10.1057/s41599-018-0158-9
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/50q2p3vz
https://escholarship.org
http://www.cdlib.org/


ARTICLE

Resolution of apparent paradoxes in the race-
specific frequency of use-of-force by police
Cody T. Ross1, Bruce Winterhalder2 & Richard McElreath1

ABSTRACT Analyses of racial disparities in police use-of-force against unarmed individuals

are central to public policy interventions; however, recent studies have come to apparently

paradoxical findings concerning the existence and form of such disparities. Although anti-

black racial disparities in U.S. police shootings have been consistently documented at the

population level, new work has suggested that racial disparities in encounter-conditional use

of lethal force by police are reversed relative to expectations, with police being more likely to:

(1) shoot white relative to black individuals, and (2) use non-lethal as opposed to lethal force

on black relative to white individuals. Encounter- and use-of-force-conditional results, how-

ever, can be misleading if the rates with which police encounter and use non-lethal force vary

across officers and depend on suspect race. We find that all currently described empirical

patterns in the structuring of police use-of-force—including the “reversed” racial disparities in

encounter-conditional use of lethal force—are explainable under a generative model in which

there are consistent and systemic biases against black individuals. If even a small subset of

police more frequently encounter and use non-lethal force against black individuals than

white individuals, then analyses of pooled encounter-conditional data can fail to correctly

detect racial disparities in the use of lethal force. In more technical terms, statistical

assessments of racial disparities conditioned on problematic intermediate variables, such as

encounters, which might themselves be a causal outcome of racial bias, can produce mis-

leading inferences. Population-level measures of use-of-force by police are more robust

indicators of the overall severity of racial disparities than encounter-conditional measures—

since the later neglect the differential morbidity and mortality arising from differential

encounter rates. As such, population-level measures should be used when evaluating the

local-level public health implications of racial disparities in police use-of-force. Research on

encounter-conditional use-of-force by police can also fruitfully contribute to public policy

discussions, since population-level measures alone cannot address whether racial disparities

are driven by disparities in encounters or disparities in use-of-force conditional on encoun-

ters. Tests for racial biases in the encounter-conditional use of lethal force, however, must

account for individual-level variation across officers in terms of race-specific encounter rates

or risk falling to Simpson’s paradox.
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Introduction

Two recent publications on anti-black, racial disparities in
police shootings in the United States—Ross (2015) and
Fryer (2016)—have received media attention (e.g., Cox,

2016; Li, 2016; DeVega, 2016), in part because they appear to
reach opposite conclusions concerning police behavior. Ross
(2015) shows that at the population-level individuals are about 3.5
times more likely to be black, unarmed, and shot-by-police, than
white, unarmed, and shot-by-police, adjusting for relative dif-
ferences in population size. Fryer (2016), however, finds that
conditional on being encountered by police, black civilians relative
to white civilians are less likely to be shot by police. Such
apparently conflicting results have generated confusion in the
public presentation of these two studies. The key difference
between them, however, is that Ross (2015) looks at population-
level relative risk, whereas Fryer (2016) looks at relative risk
conditional on encounters or use-of-force. These studies thus tell
us different things; failure to detect racial disparities in police
shootings conditional on encounters does not imply absence of
racial disparities in police shootings at the population level. Even
in light of the well-acknowledged shortcomings in the data used
in each of these studies, each exposes complementary elements of
a coherent picture of the dynamics of police use-of-force.

In order to gain a more fine-grained understanding of why the
encounter-conditional results of Fryer (2016) seem to run so
contrary to what might be expected given the population-level
findings of Ross (2015), we derive a generative model of police
use-of-force outcomes, and then analyze the conditions under
which this model can generate data consistent with both analyses.
We use both analytic and simulation methods to draw attention
to some counter-intuitive properties of this model. Specifically,
we draw a parallel to classic findings on Simpson’s Paradox in
applied statistics (Simpson, 1951; Bickel et al., 1975; Pearl, 2014),
and demonstrate that pooled analyses of encounter-conditional
data—as in Fryer (2016)—will fail to find true encounter-
conditional anti-black racial disparities over a wide range of
parameter values when there is heterogeneity in the rates with
which police encounter and use non-lethal force as a function of
suspect race. For example, if even a small subset of police have
propensities to more frequently encounter black relative to white
individuals, then analyses of pooled encounter-conditional data
will fail to detect systemic anti-black racial disparities in the
encounter-conditional use of lethal force by the larger subset of
police. Likewise, if even a small subset of police are more likely to
non-lethally assault black individuals than white individuals—
e.g., with tasers—in contexts when such force is not actually
justified, and then report that such force was justified, analyses of
pooled use-of-force-conditional data will suggest that lethal force
is more likely to be used against white relative to black
individuals.

In the analysis that follows, we demonstrate three important
conclusions: (1) Ross (2015) and Fryer (2016) document quan-
titatively similar population-level anti-black racial disparities in
the use of lethal force by police, (2) analyses of encounter-
conditional rates of the use of lethal and non-lethal force by
police are insufficient to address predictions about racial dis-
parities in policing, since they neglect the relative risk of being
encountered by police in the production equation of population-
level racial disparities; and, most critically, (3) the findings of
Fryer (2016) suggesting null or anti-white disparities in the
encounter-conditional rates of the use of lethal force by police are
actually consistent with a situation in which all police have ele-
vated encounter-conditional rates of the use of lethal force against
black individuals, but a small subset of police encounter and
assault black individuals sub-lethally at elevated rates. In other
words, apparent anti-white racial disparities in encounter-

conditional rates of the use of lethal force by police may arise
not from bias against white individuals, but rather from elevated
rates of unjustifiable encounters with black individuals. In order
to disentangle which of these possibilities best explains the
empirical data, future research will need to better account for
variation across officers in terms of: (1) their race-specific,
exposure-time conditional encounter rates with civilians, (2) their
race-specific, exposure-time conditional rates of use-of-force, and
(3) their race-specific probabilities of use-of-force conditional on
encounter.

Population-level analyses. In Table 1 we present comparable,
population-level data from Ross (2015) and Fryer (2016); the
outcomes are very similar. Both studies find that black individuals
are killed by police in greater proportions than would be expected
given their relative population size. In fact, the data mobilized by
Fryer (2016) show greater evidence of racial disparities in police
shootings at the population level: 46%

13%= 3.5x, than do the data
presented by Ross (2015) in comparable counties: 38%13%= 2.9x. See
also a similar comparison including data from The Guardian, The
Washington Post, and VICE (Fryer, 2017). Hispanic individuals
are shot in direct proportion to their population levels in the data
provided by Fryer (2016): 30%

30%= 1.0x, and at rates slightly above
their population levels in the data provided by Ross (2015): 38%30%=
1.3x. Finally, both studies agree numerically that white indivi-
duals are shot at a rate less than that which would be expected
given their population levels: 24%

58%= 0.4x, despite the fact the
authors use different data collection methodologies over different
time intervals. As such, the analyses of Ross (2015) and Fryer
(2016) are in general agreement concerning the existence and
magnitude of population-level racial disparities in police
shootings.

The Ross (2015) analysis is resolved to the level of county, and
shows significant geographical diversity in the levels of racial
disparities in police shootings—variation that has the potential to
advance explanations of the locally contextualized causes of police
shootings and to identify the locales that may benefit most from
policy review. However, Ross (2015) has no data on race-specific
encounter rates between police and civilians and therefore cannot
address the race-specific probabilities of being shot by police
conditional on being encountered by police. Fryer (2016), by
contrast, has compiled a much more detailed dataset for a more
limited sample of places and departments; as such, the data
provided by Fryer (2016) allow for a more thorough micro-level
analysis of the generative pathways of racial disparities in police
use-of-force in specific locations.

Table 1 Population-level police shooting data (as
proportions by race/ethnicity) from Ross (2015) and Fryer
(2016, p. 14)

Source Armed status Black Hispanic White

US Census
(2010)

– 0.13 0.29 0.58

Fryer (2016) All shootings 0.46 0.30 0.24
Ross (2015) All shootings 0.38 0.38 0.24
Ross (2015) Unarmed

individuals
0.36 0.38 0.26

To increase comparability to the Fryer (2016) study, census data and the police shootings data
from Ross (2015) have been taken only from counties where Fryer (2016) also had data. These
counties are: Dallas, TX; Harris, TX; Travis, TX; Suffolk, MA; Camden, NJ; Pinellas, FL; Lee, FL;
Orange, FL; Palm Beach, FL; Duval, FL; Brevard, FL; and Los Angeles, CA. The population data
show that in these counties, about 13% of residents are black, 29% of residents are of Hispanic
origin, and 58% of residents are white. When considering the proportion of police shooting
victims by race, the data from Fryer (2016) and Ross (2015) are very similar; both studies find
that black individuals are killed by police in greater proportions than would be expected given
their race-specific population levels
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The data in Ross (2015) could be biased by selective reporting,
for instance were individual engaged in the crowd-sourcing effort
to have preferentially reported police shootings of unarmed black
civilians, rather than following the random sampling methodol-
ogy procedure requested by Wagner (2014). Likewise, the data in
Fryer (2016) could come from a biased sample of departments.
Nevertheless, both studies show remarkably similar findings when
comparable, population-level measures are used. This initial
comparison serves to cross-validate, to some extent, both data
sources for studying population-level disparities in police use-of-
force.

Encounter-conditional analyses. Given the general agreement of
the population-level results between these two studies, at first pass
the encounter-conditional results of Fryer (2016) are striking.
Drawing on his micro-level data, Fryer (2016) finds consistent,
strong, and significant levels of anti-black racial disparities in
police use of non-lethal force in graded categories from hands on,
to handcuffing, display of a weapon, use of pepper spray, and use
of a baton. These racial disparities remain unexplained even after
accounting for 112 (Fryer, 2016, p. 17) context-dependent cov-
ariates. But, in a result he describes as a “stark contrast to non-
lethal uses of force” (p. 5), he finds that use of lethal force by
police actually shows reversed, anti-white, racial disparities; black
individuals are less likely than white individuals to be shot by
police, conditional on being encountered by police.

This result has been emphasized in media accounts and is
surprising in light of general findings on racial disparities in
police use of both lethal and non-lethal force spanning several
decades and literatures—i.e., research on implicit psychological
biases (Plant et al., 2005; Correll et al., 2006, 2007), sociological
drivers of racial disparities (Jacobs, 1998; Smith, 2003; Bergesen,
1982; Gilbert and Ray, 2016), structural disparities established by
the existing social order (Harring et al., 1977; Jacobs and Britt,
1979; Holmes, 2000), proximate responses by police to areas of
high crime and risk (Jacobs, 1998; Fyfe, 1980), racial bias in
profiling and encountering individuals (Warren et al., 2006;
Tomaskovic–Devey et al., 2004; Gelman et al., 2007), blatant
racism (Goldkamp, 1976; Martinot and Sexton, 2003; Doane,
2006), and social dominance orientation (Sidanius and Pratto,
2001), over many geographic areas: United States (Ross, 2015;
Hirschfield, 2015), Canada (Wortley and Tanner, 2003; Wortley
and Owusu–Bempah, 2012), Brazil (Cano, 2010; French, 2013),
and South Africa (Brogden and Shearing, 2005). Nonetheless, the
widely publicized interpretation of Fryer (2016)—one that he
himself highlights—is that police do not show anti-black racial
bias in the use of lethal force. While we do not doubt that this
pattern is apparent in the analyzed data, we take issue with
interpretation, given that other aspects of Fryer’s analysis suggest
that Simpson’s paradox could be driving this effect (Simpson,
1951; Pearl, 2014; Bickel et al., 1975, and see Discussion). In the
following sections, we show that the encounter-contingent results
of Fryer (2016) are consistent—perhaps counter-intuitively so—
with systemic and consistent anti-black racial disparities in police
encounter rates and in the subsequent rates of the use of both
lethal and non-lethal force upon encounter.

A generative model of racial disparities in use-of-force by
police
We resolve the counter-intuitive results by using a generative
model to demonstrate that increased racial disparity in the rates
at which a subset of police engage civilians with non-lethal force
will generate all patterns found in the population-level results of
Ross (2015) and the encounter-contingent results of Fryer (2016),
including:

1. Elevated population-level rates of police encounters with
black individuals relative to white individuals—see Fryer
(2016, Table 1A, Panel A) and Fryer (2016, Table 1D, Panel
A).

2. Elevated population-level rates of lethal force against black
individuals relative to white individuals—see Ross (2015) and
Fryer (2016, Table 1C, Panel A).

3. Elevated encounter-conditional rates of non-lethal force
against black individuals relative to white individuals—see
Fryer (2016, Table 2A) and Fryer (2016, Table 2B).

And the so-called paradoxes in otherwise consistent
patterns:

4. Elevated encounter-conditional rates of lethal force against
white individuals relative to black individuals—see Fryer
(2016, Table 5).

5. Elevated probability ratios of the use of non-lethal force to
lethal force against black individuals relative to the same ratio
against white individuals—see Fryer (2016, Table 5).

Informal model description. Informally, the model we use
entails a homogeneous police force, and sub-populations of black
and white citizens. The model makes explicit assumptions about
police behavior concerning race-specific rates of police encoun-
ters with citizens, and the probabilities of the use of no force,
non-lethal force, or lethal force by police conditional upon
encounter. The model provides a demonstration of the manner in
which an apparently paradoxical result (the simultaneous truth of
all five of the observations listed above) is fully consistent with
police use-of-force being systematically biased against black
individuals.

Formal model description. Formally, our model assumes that we
have a population of N individuals, with black and white sub-
populations NB and NW, where: N=NB+NW. Note that we will
continue to use subscripts of B and W to refer to black and white
sub-populations, and that all parameters are defined in Table 2
for ease of reference. We assume that over some interval of time,
EB and EW individuals are encountered by police, at rates: ϕB∈ [0,
1] and ϕW∈ [0, 1]. As such, we expect the counts of encounters to
follow:

EB � Binomial NB; ϕB
� � ð1Þ

EW � Binomial NW ; ϕW
� � ð2Þ

We then assume that conditional upon encountering a civilian,
police engage in the use of either no force, non-lethal force, or
lethal force. Let the parameters: θB∈ [0, 1] and θW∈ [0, 1] define
the probability of the use of lethal force conditional upon
encounter, and the parameters: γB∈ [0, 1−θB] and γW∈ [0, 1
−θW] define the probability of the use of non-lethal force
conditional upon encounter. The probability of police using no
force on white and black individuals upon encounter is then given
by: 1−(θW+ γW) and 1−(θB+ γB), respectively.

Then, to define the counts of lethal force by police, SB and SW,
and non-lethal force by police, GB and GW, we write:

ðSB;GB;OBÞ′ � Multinomial EB; ðθB; γB; 1� ðθB þ γBÞÞ′
� � ð3Þ

ðSW ;GW ;OWÞ′ � Multinomial EW ; ðθW ; γW ; 1� ðθW þ γWÞÞ′� �

ð4Þ
where: OB= EB−(SB+GB) and OW= EW−(SW+GW), meaning
that the outcome vectors contain the predicted counts of lethal
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force, non-lethal force, and no force, given the number of
encounters and the probability parameters for each use-of-force
category.

Finally, we can write the total population-level rates of the use
of lethal force as: ψB= SB=NB

and ψW= SW=NW
, and the total

population-level rates of non-lethal force as: δB= GB=NB
and δW=

GW=NW
. The population-level relative risk of being the victim of a

lethal police action, Ψ, is then given as: Ψ= ψB=ψW
. The

population-level relative risk of being the victim of a violent
but non-lethal police action, Δ, is given as: Δ= δB=δW . The relative
risk of being encountered by police, Φ, is defined as: Φ= ϕB=ϕW .
The relative risk of being the victim of a lethal police action
conditional on being encountered by police, Θ, is given as: Θ=
θB=θW . The relative risk of being the victim of a violent but non-
lethal police action conditional on being encountered by police, Γ,
is given as: Γ= γB=γW .

Assessing sources of disparities. We define racial disparities as
the disproportionate representation of a racial sub-group in a
particular type of police action category. That is, we seek here to
avoid any prejudicial connotations of the term, as we do not
know, or need to know for the narrow purposes of our analysis, if
such disparities are justifiable in some manner or not. We
recognize five ways in which racial disparities may occur or be
documented as absent: in encounters, and in the population-level
and encounter-conditional use of non-lethal and lethal force (see
Table 3).

For example, we would consider disparity in encounters to be
absent if race-specific rates of encounters are equal: ϕB= ϕW. This
is the same as saying that the relative risk of encounter by race is
equal to one: Φ= 1, or that the log of this value is equal to zero:
log(Φ)= 0. We would consider encounters to be structured
against black individuals if: ϕB > ϕW, or equivalently if: Φ > 1, or
finally, if: log(Φ) > 0. Reversing the inequalities would indicate
disparities against white individuals. The remaining four types of
disparities are described in the same fashion.

The standard policing model. We name the full generative
model described above the standard policing model, and take it to
define the universe of standard police interactions, although there
may be either unjustifiable (implicit or explicit bias) or justifiable
(a response to crime) racial disparities in the rates of encounters
or use-of-force in this model.

At this point, we note a key dependency in the model. The
overall counts of lethal and non-lethal force depend on the rates
of encounters given by ϕW and ϕB, via the counts EW and EB. This
gives us our first insight on the apparent paradox that population-
level analyses of U.S. data show anti-black racial disparities in
police shootings, while encounter-contingent analyses show
reversed, anti-white disparities. A difference in race-specific
encounter rates could lead to population-level racial disparities in
police shootings, even in the absence of racial disparities in police
shootings conditional on encounter.

Table 3 Conditions for the presence or absence of racial disparities and their direction if present

Form of bias Absent Present

Against black individuals Against white individuals

Encounter ϕB= ϕW⇔Φ= 1 ϕB > ϕW⇔Φ > 1 ϕB < ϕW⇔Φ < 1
Population-level, non-lethal force δB= δW⇔Δ= 1 δB > δW⇔Δ > 1 δB < δW⇔Δ < 1
Population-level, lethal force ψB= ψW⇔Ψ= 1 ψB > ψW⇔Ψ > 1 ψB < ψW⇔Ψ < 1
Encounter-conditional, non-lethal force γB= γW⇔ Γ= 1 γB > γW⇔ Γ > 1 γB < γW⇔ Γ < 1
Encounter-conditional, lethal force θB= θW⇔Θ= 1 θB > θW⇔Θ > 1 θB < θW⇔Θ < 1

Variables are defined in Table 2; the double arrow (⇔) is read as “is equivalent to”

Table 2 Model variables and relationships. Subscripts B and W refer to black and white sub-populations, respectively

Variable Definition Formula(s) Domain

N Population under consideration N= NW+ NB 2 Nþ

E Count of individuals subjected to a police encounter Eqs. (1) and (2), text ∈{1, …, N}
S Count of lethal police actions Eqs. (3) and (4), text ∈{1, …, E}
G Count of non-lethal police actions Eqs. (3) and (4), text ∈{1, …, E}
ϕ Probability of encounter with police ∈[0, 1]
θ Probability of receiving lethal force, conditional on encounter ∈[0, 1]
γ Probability of receiving non-lethal force, conditional on encounter ∈[0, 1− θ]
ψ Population-level rate of lethal police actions ψ= S

N ∈[0, 1]
δ Population-level rate of non-lethal police actions δ= G

N ∈[0, 1]
Φ Relative population-level risk of being subjected to a police encounter Φ= ϕB

ϕW
∈[0, ∞)

Θ Relative risk of being the victim of a lethal police action conditional upon encounter Θ= θB
θW

∈[0, ∞)
Γ Relative risk by being of being the victim of a non-lethal police action conditional upon

encounter
Γ= γB

γW
∈[0, ∞)

Ψ Relative population-level risk of being the victim of a lethal police action Ψ= ψB
ψW

∈[0, ∞)
Δ Relative population-level risk of being the victim of a non-lethal police action Δ= δB

δW
∈[0, ∞)

The “hat” symbol used in the text indicates parameter values unique to the routine over-escalation sub-model; the parameters without the “hat” symbol refer to the standard policing model. We note that
the term “non-lethal” includes sub-lethal violent engagements, but excludes non-violent engagements
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More formally, the log of the expected population-level extent
of racial disparities in police shootings is approximately:

logðE½_Ψ�Þ � logðΘÞ þ logðΦÞ ð5Þ

for NW sufficiently large and θWϕW not too small (see
Supplementary Materials for derivation). Even if police are more
likely to use lethal force against white people than black people
conditional on encounter (i.e., log(Θ) < 0, which might be
expected if police preferentially encounter white individuals
engaging in crimes, but encounter black individuals more
frequently or haphazardly), then we will still see population-
level anti-black racial disparities in police shootings on average so
long as the relative risk of encounters (i.e., log(Φ)) is large enough
to compensate. This might also occur if the threshold of suspicion
leading to an encounter is lower for black individuals than for
white individuals. Note also that the final population-level metric
is the more appropriate indicator of the public health issue at
hand; regardless of whether differential rates of encounters or
differential use-of-force conditional on encounters drives differ-
ential morbidity and mortality rates, the end result is the same—
greater overall morbidity and mortality from police per unit
population. This being said, the results of Fryer (2016)—should
they replicate under individual-level analyses that control for the
possible dynamics discussed in this paper—provide the key
insight that reduction in population-level racial disparities in
police use-of-force might depend more on attenuation of racial
disparities in encounter rates than on changes in how officers
respond to suspects conditional on their race.

The routine over-escalation model. The above result suggests
that sub-structure in the behavioral patterns of police which
increases their rate of non-lethal encounters with black indivi-
duals will have the effect of diminishing the apparent rate of lethal
outcomes conditional on encounters, while leaving the
population-level rates of racial disparities in police shootings
unchanged. To formally explore this idea, we introduce a second
generative model below.

Assume that there is heterogeneity in the types of encounters
with police—e.g., i) those resulting from police operating under
standard protocols and ii) those resulting from police engaging in
more routine and excessive use of non-lethal force. If this is the
case, then the probability that white individuals will be more
likely than black individuals to receive lethal force conditional on
encounter grows as the small subset of police that engage in
excessive use of non-lethal force target black people at increasing
rates. This effect holds even when all parameter values (i.e.,
encounter rates, and rates of the use of lethal and non-lethal force
conditional on encounter) are structured against black individuals
in both subsets of police officers.

We demonstrate this result by defining an additional sub-
model, the routine over-escalation model. In this model, some
small subset of police officers are more prone to engage in
additional illegitimate and unnecessary encounters with indivi-
duals. While it is not necessary to provide a reason for why we
might see such heterogeneity in officer propensities, a body of
research in social dominance theory (e.g., Sidanius et al., 1994;
Sidanius and Pratto, 2001) provides some coherent explanations.
Since the individuals encountered in these cases are not
necessarily encountered on reasonable suspicion of a crime, we
assume that use of lethal force conditional on encounter is less
likely than under the standard policing model, but that use of
non-lethal force is elevated.

We assume that over the same interval of time as in the
standard policing model, ÊB and ÊW individuals in each respective
sub-population get encountered by the subset of police who

engage in excessive use of non-lethal force, at rates given by the
parameters: ϕ̂B 2 ½0; 1� and ϕ̂W 2 ½0; 1�. As such, we expect the
counts of these encounters to follow:

ÊB � BinomialðNB; ϕ̂BÞ ð6Þ

ÊW � BinomialðNW ; ϕ̂WÞ ð7Þ

The counts of lethal and non-lethal force events resulting from
these interactions are then given by:

ðŜB; ĜB; ÔBÞ′ � MultinomialðÊB; ðθ̂B; γ̂B; 1� ðθ̂B þ γ̂BÞÞ′Þ ð8Þ

ðŜW ; ĜW ; ÔWÞ′ � MultinomialðÊW ; ðθ̂W ; γ̂W ; 1� ðθ̂W þ γ̂WÞÞ′Þ
ð9Þ

where ÔB ¼ ÊB � ðŜB þ ĜBÞ and ÔW ¼ ÊW � ðŜW þ ĜWÞ. Equa-
tions (6), (7), (8), and (9) are of the same form as Eqs. (1), (2), (3),
and (4) in the standard policing model. The parameters also are
the same in definition, with the “hat” symbol indicating that they
refer to the routine over-escalation model and can take on
different values than in the standard policing model. The logical
conditions establishing the presence or absence of racial
disparities in this model are the same as those given in Table 3.

If the population of officers is composed of some police
operating under the standard parameters, and some operating
under the routine over-escalation parameters, then the joint
mixture model is able to produce the aggregate appearance of
anti-white disparities in lethal force conditional on encounter

(i.e., SBþŜB
EBþÊB

< SWþŜW
EWþÊW

), even when there are no anti-white racial

disparities in the use of lethal force conditional on encounter in

either subgroup of police (i.e., SB
EB
> SW

EW
and ŜB

ÊB
> ŜW

ÊW
). The easiest

sufficient condition to understand arises when set SB
EB

¼ SW
EW

λ, with
λ > 1, and then make the assumption that the count of lethal force
incidents against white individuals in the routine over-escalation
sub-model declines to zero (i.e., ŜW ! 0). Even under these
conditions, we show (in the Supplementary Materials) that this
model produces an apparent absence of encounter-conditional
anti-black racial disparities—actually anti-white racial disparities
—in the use of lethal force whenever:

λ
EB

ðEB þ ÊBÞ
<

EW
ðEW þ ÊWÞ ð10Þ

This expression indicates that as long as there are sufficient
anti-black racial disparities in the frequency of encounters arising
from the routine over-escalation model to offset the anti-black
racial disparities in the use of force conditional on encounter in
the standard policing model, we will observe an apparent absence
of anti-black disparities in the use of lethal force conditional on
encounter in the pooled data. In the language of the model, if ÊB
is sufficiently large relative to other terms, then it can offset a λ >
1. For example, if the encounter-conditional black to white
relative risk of being shot by police were λ= 1.11, then if just 1 in
20 white encounters, but 3 in 20 black encounters occur under the
routine over-escalation model, we would still—perhaps para-
doxically—see aggregate-level anti-white racial disparities in
encounter-conditional use of lethal force by police.

Implications of our model for statistical analysis of police
shooting data. To emphasize the implications of our findings for
empirical analyses, we present in the Supplementary Materials an
additional analysis in which we simulate data on police
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encounters under the union of the standard policing and routine
over-escalation models. We then analyze the aggregate data with a
statistical model that ignores the fact that the use-of-force out-
comes arise through a generative model structure with hetero-
geneous decision making units (i.e., the above-listed sub-types of
police officers). The results again confirm that the “paradoxical”
results with which we began are only apparent. Furthermore, we
show that a wide range of parameter values are sufficient to
produce the seemingly paradoxical results and demonstrate that
the phenomenon does not strongly depend on the particular
reducing assumptions used to reach an analytical solution.

Discussion
The data and methodological approach presented in Fryer (2016)
represent the most important advance to date in the analysis of
race-specific of use-of-force by police. Fryer (2016) is able to
investigate aspects of police use-of-force (like encounter-condi-
tional, race-specific rates of the use of lethal force) that have thus
far been opaque. However, this new ground brings with it some
counter-intuitive terrain for analysts and for the journalists who
summarize research for the public. Specifically, we show that the
presentation of Fryer’s results as indicating an absence of anti-
black racial disparities and perhaps even the presence of anti-
white racial disparities in police use of lethal force is unwarranted.
Both Ross (2015) and Fryer (2016) show population-level anti-
black racial disparities in the use of lethal force by police—dis-
parities that are indicative of disproportionate morbidity and
mortality per unit population. The theoretical model presented
here allows us to decompose these disparities into the effects of
differential encounters and differential the use of lethal force
conditional on encounters. Either of these statistical biases may be
justifiable on the basis of differential crime rates or con-
textualizing details. The narrow objective of our analysis, how-
ever, does not require we take a position as to whether or not
differential encounters and differential use of force are justified.
Nonetheless, the existence of population-level disparities in police
use-of-force raises social and policy issues that must be addressed.

Taking the analysis of Fryer (2016, 2017) at face value, it would
appear that race-based differences in the use of lethal force
conditional on encounter can be entirely explained by con-
textualizing details. But, as we show, if police behavior is het-
erogeneous, with most officers following standard protocol and a
small subset of officers engaging in unwarranted use of excessive
non-lethal force (like use of tasers), racial disparities in who this
subset of officers target can complicate interpretation of
encounter-conditional data. It is ironic that elevated levels of sub-
lethal assault against innocent black individuals by a subset of
police would have the effect of diminishing the apparent severity
of anti-black racial disparities in lethal force conditional on
encounter in the full set of officers. Nevertheless, this is a key
finding of our model. Increased encounter rates and excessive use
of violent but non-lethal force by a subset of police against black
individuals can mask the existence of anti-black racial disparities
in the encounter-conditional use of lethal force by police in
pooled data.

Given that the existence of racial disparities in police use-of-
force is a serious public policy issue (e.g., USDOJ, 2016), it is
critical that these dynamics be understood. Although the work of
Fryer (2016) presents one of the most detailed empirical analyses
of racial disparities in police use-of-force, only individual-level
estimates of officer parameters will allow a convincing demon-
stration of his arguments. Though it is impossible to demonstrate
strictly though our modeling effort here, it seems improbable that
there would be such consistent evidence of racial disparities in
rates of: (i) encounters with police, (ii) population-level and

encounter-conditional use of non-lethal force by police, and (iii)
population-level use of lethal force by police, only to see a
complete reversal in encounter-conditional rates of lethal force.
Our model results, however, establish that precisely this set of
racial disparities in rates of encounters and use of non-lethal force
can lead to the principle finding of Fryer (2016).

Our findings parallel classic results in applied statistics related
to Simpson’s paradox (e.g., Simpson, 1951; Bickel et al., 1975);
analysis of aggregate data (i.e., data arising from pooling the
outcomes of heterogeneous decision-making units) can show
discrimination against a given class of individuals, even when
there is actually discrimination in the opposite direction in every
decision-making unit. Disparities in the rates with which indivi-
duals interact with each decision-making unit are typically found
in cases where Simpson’s paradox is demonstrated. For example,
in the case of the Berkeley graduate admissions data (Bickel et al.,
1975), women tended to apply to departments that were more
difficult for applicants of either sex to enter, while men tended to
apply to departments that accepted a greater majority of appli-
cants of either sex; as a result, in the aggregate, men were accepted
in greater proportion than women, despite the fact that there was
actually evidence of a small average bias in admitting women at
the level of the decision-making unit.

The case of racial disparities in police shootings conditional on
encounter holds a similar logical structure. However, the variable
that structures decision-making (akin to the academic depart-
ment in the Berkeley graduate admissions data) is much harder to
empirically identify in the case of police shootings. We show that
racial disparities in encounter rates can generate Simpson’s
paradox, and we provide an example of a kind of decision-
structuring variable (whether a given officer has standard policing
or routine over-escalation parameters) which produces model
outcomes that are similar to the empirically observed data. It will
likely be difficult to empirically evaluate if Simpson’s paradox
truly explains the results of Fryer (2016) since the longitudinal,
individual-level data needed to estimate more finely-resolved
model parameters will be very hard to acquire. Nonetheless, this
point is largely eclipsed by a more important point—namely, that
the public health implications of racial disparities in police
shootings and non-lethal use-of-force (e.g., Miller et al. 2017;
DeVylder et al., 2017; Ross, 2017), in the end, come down to the
population-level relative risk not the encounter-conditional risk.

Pathways leading to population-level racial disparities in police
use-of-force. While the use of lethal force against unarmed
individuals by police is quite rare, it does occur and with racial
disparities in population-level rates. Non-lethal force also is dis-
proportionate at the population level (Fryer, 2016; Miller et al.,
2017). These observations are not contradicted by the observation
that the encounter-conditional probabilities of lethal outcomes by
race are reversed in aggregate data. While Fryer (2016) and Ross
(2015) address somewhat different questions, each using variables
unique to their datasets, they arrive at complementary, not
paradoxical, conclusions. Those conclusions reinforce the pre-
vailing consensus that there are significant racial disparities in
police behavior at the population level, and together they provide
an expanded basis for appreciating that this is a complex problem
at the local level Fryer (2016), with significant differences among
locales nationally Ross (2015).

Within each locale, the research strategy advanced by Fryer
(2016) is important, as it allows us to move beyond simply
demonstrating the presence of disparities and instead investigate
how and why such disparities arise when and where they do.
Without being able to identify the causal drivers of racial
disparities operating in a given location we are unable to offer
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useful policy recommendations (Ross, 2016). It is important to
determine if racial disparities in a particular locale arise due to
officer behavior conditional on encounter, or via the policies and
social contexts leading to racial disparities in encounter rates. The
combination of explicit theoretical modeling of the generative
pathways of use-of-force outcomes, wariness concerning Simp-
son’s paradox, and mixed use of both qualitative and quantitative
methods will help researchers better understand the empirical
data.

Officer behavior. Police officers and police departments are
diverse, and it is inappropriate to characterize such institutions in
monolithic terms. There is no shortage of cases of police officers
engaging in overt racism in recent years (e.g., cases in Los
Angeles, (Stack, 2016; Whaley, 2013), Oakland, CA (Shoichet
et al., 2016), San Francisco, CA (Serna and Romney, 2015; Serna,
2016), San Diego, CA (Perry, 2015), Miami, FL (Buncombe,
2015), Fort Lauderdale, FL (Barszewski, 2016), Clatskanie, OR
(Park, 2015), Seattle, WA (Campbell, 2015), New York, NY
(Sapien, 2015), Camden, NJ (Walsh, 2016), Edison, NJ (Amaral,
2015), Ferguson, MO (Swaine, 2014), Saint Louis, MO (Hudson,
2014), Cleveland, OH (Hensley, 2014), Detroit, MI (Murphy,
2013), New Orleans, LA (McCarthy, 2012), Baton Rouge, LA
(Alejandro, 2014), Chicago, IL (Stahl, 2008), Baltimore, MD
(USDOJ, 2016), and other locations). Excessive media and public
focus on the sensationalized cases mentioned above, however, has
the potential to wrongfully impute such attitudes to police officers
in general, trigger in-group out-group identity politics, and to
distract from the dialog needed to implement effective policies
addressing the problem. While is important to end impunity for
the small subset of officers who abuse their positions of power
and responsibility, or display outward signs of racist hatred like
some of those mentioned above, it is also important to identify
the less visible, institutional drivers of racial disparities in police
use-of-force.

There is increasing evidence that the population-level presence
of racial disparities in police shootings might have less to do on
average with officer behavior conditional on encounter, and more
to do with differences in encounter rates (Fryer, 2016; Miller
et al., 2017. This information may be key to creating more
effective policy change. Selby et al. (2016) have compiled a
detailed data set of officer caused deaths of unarmed individuals
in the United States in 2015. At the population level, their data
closely echo those of Ross (2015) and Fryer (2016)—black
individuals represent about 42% of the victims of known race,
despite being only about 12% of the population (42%12%= 3.5x),
while non-Hispanic white individuals represent about 39% of the
victims of known race, but make up about 62% of the population
(39%62%= 0.63x). Selby et al. (2016), however, investigate the
contextualizing details of each case, and find that there is no
evidence to suggest that overt or even unconscious racial
prejudice plays a systematic role in the officer-involved deaths
of unarmed citizens—which is not to say that cases to the
contrary never occur. Instead, their findings point to other
characteristics associated with the victim, including acute drug
intoxication, mental and physical illness, violent behavior, and
perceived threats to innocent civilians as being critical predictors
of the deaths of unarmed civilians due to police intervention
(Selby et al. 2016). Further, Selby et al. (2016) and Ross (2015)
both note that most civilians who are shot by police were armed
at the time of the incident.

Additionally, Selby et al. (2016) mention that in about 88% of
the lethal police encounters not beginning with traffic stops,
officers engage suspects only after being requested to do so by the
community (i.e., via 911 calls). As such, these encounters are not
initiated at the officers’ own discretion. In the data compiled by

Selby et al. (2016), 70% of the unarmed people killed by police
were only encountered because they were reported to police by
other civilians as being probable threats to the community, which
the police were obliged to investigate, often after being primed
that the indicated persons posed a threat.

Black Americans are disproportionately likely to be encoun-
tered by police, be the victims of violent but non-lethal use-of-
force by police, and be the victims of lethal use-of-force by police.
However, these observations are fully consistent with the
observation that the great majority of individual officers do not
disproportionately target black people based on their own
personal discretion and do not show racial bias in the use of
lethal or non-lethal force conditional on encountering a given
individual. Social context is likely to play a significant role in
explaining differential encounter rates and their downstream
effects on population-level racial disparities in police use-of-force.

Social context, policies, and encounter rates. Recent data show that
black individuals are more likely to be stopped by police than
white individuals (Fryer, 2016; Miller et al., 2017; USDOJ, 2016).
Miller et al. (2017) argue that the differential population-level
rates of the use of lethal force by police are almost entirely
explainable by these disparities in encounters—an interpretation
which is not inconsistent with our present analysis. There are two
major lines of argument concerning the causes of differential
encounter rates: (1) that differential encounter rates are driven by
differential rates of crime, and (2) that the ‘criminalization of
blackness’ leads to racial disparities in encounters for reasons
having little to do with differential crime rates.

In the aggregate in the United States, there appear to be higher
per capita rates of violent crime committed by black individuals
relative to white individuals (e.g., USDOJ, 2014)—the caveat is
that these arrest/conviction records may themselves be an
outcome of racial disparities in policing intensity and conviction
rates. But, there is no evidence to suggest that the counties with
relatively high black to white crime rate ratios are those with
disproportionally high rates of racial disparities in police use of
lethal force against unarmed individuals (Ross 2015); however,
the analysis of Ross (2015) linking county-level crime rates and
racial disparities in police shootings is itself very susceptible to the
ecological inference fallacy. This being said, other more detailed,
geographically localized studies have also found racial disparities
in rates of encounters and use-of-force that are not fully
explainable by differential crime rates or related variables (e.g.,
Fryer, 2016; Gelman et al. 2007; USDOJ, 2016).

Explanations for differential encounter rates based on the
'criminalization of blackness' tend to hold strong narrative weight
but are more difficult to confirm with empirical data. The
principle idea is that black individuals are more likely to be
reported by community members to the police than white
individuals—especially in socio-economically unequal areas—for
innocuous activities like smoking a cigarette at night, jogging,
walking or driving in ‘the wrong kind of neighborhood’, wearing
hoodie-style sweat shirts, driving nice cars, driving not-so-nice
cars, etc. (Beer, 2016); there is a body of qualitative literature of
this topic, and arguments linking community behaviors and
biases in the representations of black people by the U.S. media
(see further discussion in the Supplementary Materials). How-
ever, fine-grained, geographically representative quantitative data
on the disproportionate rates at which black individuals are
reported to the police for innocuous activities appear to be
unavailable. Production of this kind of data would be a fruitful
direction for future research.

Other dynamics might lead to disproportionately high rates of
encounters between black individuals and police. Racial dispa-
rities in access to health care and mental health care, differential
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rates of poverty and homelessness, and differential intensities of
policing effort in different geographic locales are all candidates.
There are many possible and potentially overlapping reasons why
black individuals are stopped more often than white individuals,
and these reasons are likely to be variable in space and time.
Successful policy interventions are likely to require local-level
investigation, and should be adaptive to the shifting circum-
stances affecting local communities.

Conclusions
We establish that: (1) the analyses of Ross (2015) and Fryer
(2016) are in general agreement concerning the existence and
magnitude of population-level anti-black, racial disparities in
police shootings; (2) because of racial disparities in rates of
encounters and non-lethal use-of-force, the encounter-
conditional results of Fryer (2016) regarding the relative fre-
quency of the use of lethal force by police are susceptible to
Simpson’s paradox. They should probably not be interpreted as
providing support for the idea that police show no anti-black bias
or even an unexpected anti-white bias in the use of lethal force
conditional on encounter; and, (3) even if police do not show
racial bias in the use of lethal force conditional on encounter,
racial disparities in encounters themselves will still produce racial
disparities in the population-level rates of the use of lethal force, a
matter of deep concern to the communities affected.

These findings have specific public policy implications: (1)
population-level measures of the use of lethal and non-lethal
force by police are more robust indicators of the overall severity
of racial disparities in use-of-force by police than encounter-
conditional measures. Population-level results should thus be
used when evaluating the local-level public health implications of
racial disparities in police use-of-force. We can improve our
understanding of the broader effects of racial disparities in police
use-of-force if we avoid assessments conditioned on problematic
intermediate variables such as encounters, which might occur for
different reasons within the black and white sub-populations and
might themselves be a causal outcome of racial bias; (2) the
population-level relative risk of being the victim of lethal force by
police can be roughly decomposed into the relative risk of
encounters multiplied by the relative risk of receiving lethal force
conditional on encounter, and empirical data show strong dif-
ferences in race-specific encounter rates. Together, these obser-
vations might suggest that policies and social programs designed
to minimize racial disparities in encounters may be as (or even
more) important to consider as policies aimed at changing police
behavior conditional on encounter; and finally, (3) we agree with
Fryer (2016) that departments might wish to “…increase the
expected price of excessive force on lower level uses of force” (p.
36). Our simulation-based analysis also supports this recom-
mendation, insomuch as unjustified use of non-lethal force is
both more common than unjustifiable use of lethal force and even
low levels of such actions have the potential to obscure our
understanding of racial disparities in more extreme levels of use-
of-force.
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