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Abstract

This paper provides new evidence on the role of preference-based versus statistical
discrimination in racial profiling using a unique data set that includes the race of both
the motorist and the officer. We build upon the model presented in Knowles, Persico
and Todd (2001) and show that their test is not robust to alternative modelling assump-
tions. However, we also show that if statistical discrimination alone explains differences
in the rate at which the vehicles of drivers of different races are searched, then, all else
equal, search decisions should be independent of officer race. We then test this predic-
tion using data from the Boston Police Department. Consistent with preference-based
discrimination, our baseline results demonstrate that officers are more likely to conduct
a search if the race of the officer differs from the race of the driver. We then investi-
gate and rule out two alternative explanations for our findings: officers are better at
searching members of their own racial group and the non-random assignment of officers

to neighborhoods.
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A New Look at Racial Profiling: Evidence from the
Boston Police Department

To date, there have been over 200 court cases involving allegations of racial and ethnic
profiling against law enforcement agencies in the United States. Typically, the focus in these
cases has been on uncovering why law enforcement officials treat individuals from different
racial groups differently. The courts have tended to uphold racially biased policing patterns
when they can be reasonably justified by racial differences in crime rates, but have consistently
ruled against what appear to be purely racist policing practices. The problem, of course, is
that it is not easy to empirically distinguish between these two possibilities.

Economists have now joined the debate over racial profiling, and a number of recent papers
have attempted to determine whether the observed racial disparities in policing patterns
are best explained by models of statistical discrimination or by models of preference-based
discrimination (see, for example, Knowles, Persico and Todd (2001), Herndandez-Murillo and
Knowles (2003), Anwar and Fang (2005) and Dharmapala and Ross (2004)).

In models of statistical discrimination, discrimination arises because law enforcement
officials are uncertain about whether a suspect has committed a particular crime. If there
are racial differences in the propensity to commit that crime, then the police may rationally
treat individuals from different racial groups differently. On the other hand, in models of
preference-based discrimination, discrimination arises because the police have discriminatory
preferences against members of a particular group and act as if there is some non-monetary
benefit associated with arresting or detaining members of that group. Thus, preference-based
discrimination raises the benefit (or, equivalently, lowers the cost) of searching motorists from
one group relative to those from some other group.!

This debate among economists over the sources of racial disparities in policing patterns
roughly parallels the debate over racial profiling within the court system. That is, statistical
discrimination approximately corresponds to the type of behavior that the courts have tended
to uphold, while preference-based discrimination approximately corresponds to the type of
behavior that the courts have tended to condemn.

In this paper, we attempt to understand the reasons for observed racial differences in the
rate at which the vehicles of African-American, Hispanic and white motorists are searched
during traffic stops. We build upon the model of police search developed in Knowles, Persico

and Todd (2001) (hereafter, often, KPT) and show that the test that they use to distin-

IFor an extended discussion of models of statistical discrimination and of preference-based discrimination
see Arrow (1973) and Becker (1954), respectively.



guish between statistical discrimination and preference-based discrimination is not robust to
alternative modelling assumptions.

According to KPT’s model, in the absence of preference-based discrimination, the prob-
ability of guilt conditional on search will be the same for all identifiable groups of motorists.
The logic is that, since the police will always search motorists for whom the likelihood of
finding contraband exceeds the cost of search, in equilibrium, the drug trafficking behavior
of motorists must adjust to equate the probability of guilt conditional on search for all in-
dividuals. The power of this insight is that, even if black and white motorists differ along
dimensions other than race, the probability of guilt conditional on search will still be the
same for all groups. This is critical since it is generally impossible to distinguish between
statistical discrimination on the basis of race and statistical discrimination on the basis of
characteristics that are correlated with race but that are unobserved to the econometrician
(see for example, Altonji and Pierret (2001) and Dharmapala and Ross (2004)).

On the other hand, according to the model in KPT, if officers have discriminatory prefer-
ences, then the probability of guilt conditional on search will differ across racial groups. KPT
then examine traffic stop data from the State of Maryland. They find that the probability
of guilt conditional on search does not differ (in a statistical sense) across racial groups and
interpret this as evidence that officers do not have discriminatory preferences.

As we show below, however, the validity of the test that KPT employ relies on a step-
shaped best response function for officers. Any alteration that smooths out this officer
best response function will permit equilibrium differences in guilt rates between groups of
drivers, even in the absence of preference-based discrimination. In this paper, we focus on
heterogeneity in officer search costs as the source of smoothness in the officer best response,
but other models, such as one in which officers observe a noisy signal of motorist guilt, will
also generate a smooth best response function.

To circumvent these problems, we develop an alternative mechanism for distinguishing
between these two forms of discrimination that does not rely upon the probability of guilt
conditional on search.? In particular, we show that if statistical discrimination alone explains
differences in the rate at which African-American and white drivers are searched, then, all
else equal, search decisions should be independent of the race of the police officer. Thus, we
argue that if searches are more likely to occur when the race of the officer differs from the
race of the driver, then this provides evidence of preference-based discrimination.

We then apply our test to a unique data set in which we are able to match the race of the

2 Anwar and Fang (2005) develop a similar test to ours. We relate their test to ours in greater detail below.



officer to the race of the driver for every traffic stop made by officers in the Boston Police
Department for the two-year period starting in April 2001.% Thus, in addition to being able
to discern differences in the likelihood that motorists from different racial groups are subject
to search, we are also able to determine whether these patterns differ depending on the race
of the officer.

We find that if the race of the officer differs from the race of the motorist, then the officer
is more likely to conduct a search than otherwise. We argue that our results cannot be
explained by standard models of statistical discrimination and, instead, are consistent with
preference-based discrimination. In addition, we rule out the possibility that our findings are
driven by officers being better able to search members of their own racial group and by the

way in which officers are assigned to neighborhoods.

Some Initial Trends in the Data

In order to motivate our model and the analysis that follows, it is worthwhile to first highlight
a few patterns in our data. For now, these patterns are merely meant to be suggestive, and
we will discuss the data in greater detail below.

Table 1 presents, by officer race and motorist race, the probability that a motorist’s car
is searched during a traffic stop. Looking at the last column, we see that both Hispanics and
blacks are almost twice as likely as are whites to have their cars searched. This differential
search pattern could be the result of preference-based discrimination. However, it is also
consistent with statistical discrimination. That is, if blacks and Hispanics are more likely to
carry drugs or other contraband than are whites, then it is also possible that they are also
more likely than whites to raise the suspicion of the police. Thus, the last column of Table
1 simply reiterates the well-known fact that racial disparities in search rates exist, but does
not offer any insight into why those disparities might arise.

Columns 2-4, however, are more revealing; motorists are, in general, more likely to be
searched if the officer making the stop is from a different racial group from that of the
motorist. For example, the probability that a white motorist is searched is 0.40 percent if
the officer is white and 0.62 percent if the officer is black. Similarly, the probability that a
black motorist is searched is 0.82 percent if the officer is black but 0.97 percent if the officer
is white. In order to insure that the patterns in Table 1 are not driven by a small number of

officers who issue an unusually large number of tickets, Table 2 weights each citation by the

3For an alternative discussion of these data, see the series of articles by Bill Dedman and Francie Latour
(2003).



inverse of the number of citations given by the officer issuing the citation. Since officers who
issue a large number of tickets are less likely to conduct searches than officers who issue a
small number of tickets, the search probabilities are generally larger in Table 2 than in Table
1. However, as in Table 1, we see that motorists are consistently less likely to be searched
when the officer making the stop is a member of the motorist’s own racial group than they
are when there is a mismatch between the race of the officer and the race of the motorist.

Abstracting at this stage from issues of statistical significance and other possible con-
cerns, the patterns in Tables 1 and 2 are inconsistent with standard models of statistical
discrimination in which racial differences in the rate at which motorists are searched arise
because the police believe that motorists from some racial groups are more likely to have
contraband than are motorists from other groups. Assuming that these beliefs must be cor-
rect in equilibrium, there should be no difference in the rate at which officers from different
racial groups search the vehicles of motorists from a particular racial group. On the other
hand, preference-based discrimination could explain these patterns. In particular, if officers
favor members of their own racial group, then we would expect search rates to be lower when
there is a match between the race of the officer and the race of the motorist.

However, two alternative explanations also come to mind. First, officers may be better
able to search motorists who are members of their own racial group. Second, officers may
not be randomly assigned to neighborhoods. For example, if white officers are assigned to
neighborhoods in which crimes are more likely to be committed by blacks than whites, and if
black officers are assigned to neighborhoods in which crimes are more likely to be committed
by whites than blacks, then we might expect that, for the city as a whole, white officers
would be more likely than black officers to search the cars of black motorists. We address

both of these alternative explanations in the final sections of the paper.

The Model

In this section, we re-examine the model of police search presented in Knowles, Persico and
Todd (2001). In their model, motorists are assumed to be either African-American or white,
denoted by a and w, respectively. Motorists are also distinguished by some characteristic, c,
that is potentially useful to the police in determining whether or not to search a motorist’s
car. For now, we assume that both the police and the econometrician observe these driver
characteristics (c); the case in which the econometrician does not observe driver characteris-
tics will be investigated in the next section.

In deciding whether or not to carry contraband, motorists weigh the benefit of carrying



contraband against the penalty of being caught. If a driver does not carry contraband, then
his payoff is zero regardless of whether or not his car is searched. However, if a motorist of
type (¢, r) carries contraband, then he is “guilty”, and faces cost —j (¢, r) if his car is searched
and benefit v(c,r) if his car is not searched.

Let (¢, r) be the probability the police search motorists of type (¢, 7). Thus, the expected

payoff to carrying contraband for motorists of type (¢, r) is given by

—y(e,r)jler) + [1=~(er)vier).

Motorists are playing a best response to the search behavior of police if they carry contraband
whenever the above expression is greater than zero. This occurs when

v(e,r)

e S Fen e

The police cannot perfectly observe whether a motorist of type (¢,r) is guilty of carrying
contraband. Instead, it is assumed that police maximize the expected payoff from making an
arrest minus the cost of search. The benefit to making an arrest is normalized to one so that
the cost of search is relative to the benefit. Let ¢, be cost of searching a motorist from group
r, where it is assumed that 0 < ¢, < 1 to rule out trivial equilibria. We do not incorporate a
resource constraint on the total time that police spend searching; that is, officers can search
all drivers if they so choose. The implications of this assumption, which is also employed in
the baseline model of KPT, will be discussed at the end of this section.*

Let 7(c, r) denote the probability that a motorist of type (¢, r) is guilty of carrying drugs
or other contraband. Thus, the expected payoff to officers from searching motorists of type
(¢,r) is given by

w(c, ) — ty.

Officers are playing a best response to the behavior of motorists if they search whenever
the above expression is greater than zero. Figure 1 graphs the best response function for
officers and motorists. For motorists of type (c,r), the line labelled 7(c, r) represents the best
response function of police and the line labelled 7 (¢, r) represents the best response function
of motorists.

As the figure reveals, the best response functions in this game are equivalent to those
in a standard matching pennies game. Thus, for motorists of type (¢, r), there is a unique
mixed strategy equilibrium of this game in which the search behavior of the police renders

motorists indifferent between carrying and not carrying contraband, and the behavior of

4KPT describe this extension to their baseline model on page 215 of their paper.



motorists renders the police indifferent between searching and not searching. That is, in

equilibrium the probability that the police search motorists of type ¢, r is given by

. v(er)

v (er) = — .
ile,r) +v(er)

and the probability that motorists carry contraband is given by

7 (e,r) =t

Since the police randomly select motorists from this group, the probability of guilt conditional
on search is exactly equal to 7* (¢, r), the probability that motorists carry contraband.
Before analyzing how statistical discrimination and preference-based discrimination man-
ifest themselves in this model, it is worth enriching the model to allow for heterogeneity in
motorists’ utility from carrying contraband.? In particular, we assume that the benefit to

carrying contraband is given by
—(e;r)jle,r) + [L=(e,r)lv(e,r) — Z,

where Z represents an idiosyncratic cost of carrying contraband. Thus, letting G(-) denote
the distribution of Z in the population, the probability that motorists of type (c,r) carry

contraband is given by
G(—v(e,m)jle,r) + [1 —~(e,m)]v(e, ).

Figure 2 plots the corresponding best response functions for motorists and officers.

As in Knowles, Persico and Todd, we now examine the implications of statistical discrim-
ination and preference-based discrimination for the equilibrium of this model. Police officers
in this model are defined to have discriminatory tastes if the cost of search varies by the race
of the motorist, so that t, # t,,. For example, Figure 3 displays the best response functions
when officers discriminate against African-Americans so that ¢, < t,,. As Figure 3 reveals,
if t, < ty, then, among motorists with characteristic ¢, the police will be more likely to
search African-Americans than whites (v*(¢,a) > v*(c,w)), and African-Americans will be
less likely than whites to carry contraband (7*(c, a) < 7*(c, w)).

In this model, police statistically discriminate on the basis of race if, among motorists
with the same characteristic, ¢, the probability of search differs by the race of the motorist
because of racial disparities in the propensity to carry contraband. This occurs whenever

the net benefit of carrying contraband differs by race. That is, if —j(c,r) and v(c,r) vary by

5Knowles, Persico and Todd also discuss this extension on page 214 of their paper.



r, then so will the equilibrium probability of search. Figure 4 shows an example in which,
even among motorists with the same observable characteristic, ¢, the net benefit of carrying
contraband is higher for African Americans than it is for whites, but the cost of search is
assumed to be the same for all motorists, so that t, = t,, = t. In this case, for any given
search probability ~y, African-American are more likely than whites to carry contraband, and,
as the figure reveals, in equilibrium, the police are more likely to search African-American
motorists than white motorists (7*(c,a) > v*(¢, w)). Importantly, however, the probability
of guilt conditional on search is independent of motorist race (7*(¢,a) = 7*(c,w) = t).

Thus, in KPT, statistical discrimination has no effect on the probability of guilt condi-
tional on search whereas preference-based discrimination does. In the absence of preference-
based discrimination, black and white drivers must carry at the same rate [7*(c,a) =
m*(c,w) = t] in order to make officers indifferent between searching and not searching. If
black drivers, for example, carry at a rate higher than t, then officers will search black
drivers with probability 1. However, if black drivers are searched with probability 1, then it
is optimal for them to carry at rate 0 and thus black drivers carrying at a rate higher than
t cannot be an equilibrium. Similarly, if black drivers carry at rate lower than ¢, they will
be searched with probability 0, and it is now optimal for them to carry with probability 1.
Thus, in the absence of preference-based discrimination, all drivers must carry at the same
rate in equilibrium.

However, Figure 4 also makes clear the fact that the test that KPT adopt depends on the
specialized step-shaped best response function for police officers. Any alteration to the model
that smooths out the best response function for police officers will allow drivers to carry at
different rates even in the absence of preference-based discrimination. One such alteration
is to allow the police to be heterogenous in their preferences for search. Indeed, this type
of heterogeneity is often used to justify the randomization that characterizes most mixed-
strategy equilibria (for example, see Harsanyi (1973)). In addition, our data from Boston
suggest that officers do vary in their preferences for search in the sense that we observe
substantial variation across officers in the likelihood that they search motorists whom they
have pulled over.

Formally, we assume that the cost of searching motorists from group r is given by ¢, + U,
where U captures a mean-zero, idiosyncratic search cost. With this cost, an officer is playing

a best response to motorists of type (¢,r) if they search whenever
w(e,r) —t, —U > 0.

Letting H(-) denote the distribution of U among officers, the probability that optimizing



officers search is given by

H(w(e,r) —tr),

which is clearly increasing in 7(c, r). Figure 5 plots best response functions with heterogeneity
in both motorist preferences for carrying contraband and officer search costs. In this figure,
we plot the best response function for both African-American and white motorists of type
¢ under the assumption that the net benefit to carrying contraband is higher for African-
Americans than it is for whites and under the assumption that t, = t,, = t.

As shown, drivers now carry at different rates even in the absence of preference-based
discrimination. In the model without officer heterogeneity, if one group carries at a higher
rate than another, then officers will search at least one of the groups with probability 0 or 1
in the absence of preference-based discrimination; as described above, however, such extreme
search rates cannot be supported in equilibrium. In a model with officer heterogeneity, by
contrast, one group carrying at a higher rate can be supported in equilibrium even in the
absence of preference-based discrimination due to the smoothness of the officer best response
function. Thus, in this generalized model, the test that KPT employ no longer distinguishes
between preference-based discrimination and statistical discrimination.

Another alteration to the model presented in KPT that leads to smooth, upward-sloping
best response functions for police officers is to assume, like Anwar and Fang (2005) and Bjerk
(2005), that officers can observe some characteristic, 6, that is correlated with the likelihood
that the motorist is guilty, but that (unlike ¢) is unknown to the motorist at the time that he
or she decides to carry contraband. In can be shown that, in this setting, the best response
function for officers will have the same upward-sloping shape as the best response function
for officers in Figure 5.6 In addition, if officers are not able to perfectly observe some groups
of criminals (as suggested by Bjerk (2005) and Dharmapala and Ross (2004)), then this will
also affect the step-shaped best response function of police officers.

It should now be clear that in a model with a smooth officer best response function,
whatever the source of this smoothness, guilt rates may differ across groups even in the
absence of preference-based discrimination. While homogenous search costs lead to step-
shaped officer best response functions in KPT’s model, a binding constraint on officers’
search capacity may provide an alternative source of such discontinuities. In such a model,
search decisions are no longer independent across drivers, and officers optimally target their

constrained resources towards the group with the highest net returns from searching. An

6The models in Anwar and Fang (2005) and Bjerk (2005) highlight the added problem that the guilt rate
for the marginal motorist will not equal the guilt rate for the average motorist. A complete analysis of how
these models affect the shape of the best response functions is available upon request.



important question is whether the officer best response functions are smooth or step-shaped
in a model with both heterogeneity in officer search costs and binding resource constraints.
Persico and Todd (2004) analyze such a model and find that their hit rate test is valid.
Thus, if officers have heterogeneous preferences, the test that KPT employ will only be valid
if officers face binding resource constraints.

Whether or not resource constraints are binding in practice is an open question and
may vary from application to application. Like us, Anwar and Fang (2005) and Bjerk (2005)
assume that officers do not face binding capacity constraints, and we feel that this assumption
is appropriate for our analysis of traffic stops by the Boston Police Department. Searches are
relatively rare in practice: as shown in Table 1, under 1,000 searches occurred in Boston over
the period April 1, 2001-January 31, 2003. Moreover, search rates vary significantly across
officers, suggesting that resource constraints are unlikely to be binding for the many officers

who search at low intensity in our dataset.

An Alternative Test

In this section we propose a simple alternative test to distinguish between preference-based
discrimination and statistical discrimination. We start from the supposition that if officers
have discriminatory preferences, then those prejudices will be directed towards motorists who
are not members of that officer’s racial group. That is, the cost of search, ¢, will depend on
the match between the race of the officer and the race of the motorist. We assume that, like
motorists, officers belong to one of two racial groups: African-Americans and whites. Let ¢/
denote the cost to officers from group j of searching motorists from group r.

Thus, the payoff to officers from group j of searching motorists from group r becomes
n(e,r) —ti —U.

Let 77 (c,r) denote the probability that officers from group j search motorists from group r
and let p denote the proportion of officers from who are African-American. Thus, the payoff

to motorists from group r with idiosyncratic cost Z from carrying contraband is given by
—(er)ile,r) +[1=~(e,r)v(e,r) = Z,

where 7(c,7) = p7°(e, 1) + (1= p)y(c, 7).
An equilibrium for motorists of type (¢, r) occurs at any 7*(c,r), v**(¢,r), and v**(c, )
such that
Y (er) = H(x*(e,7) — £2)
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7 (e,r) = H(m" (e,r) — 1)

and
T (c,7) = G(="(e;r)j(e,r) + [1 = 7" (e,r)]v(e, 7))

where v*(c,7) = py**(c,r) + (1 = p)y**(c,7).

Figure 6 graphs the best response functions and the equilibrium outcome of this model
for motorists of type (¢, r) under the assumption that ¢ < t so that white officers find it less
costly to search motorists from group r than do African-American officers. The notion here
is that white officers have discriminatory preferences against group r.” As one might expect,
white officers will be more likely to search motorists from group 7 than will African-American
officers in equilibrium. By contrast, if ¢t = ¢t = t, then officers from both groups will be
equally likely to search motorists of type (c,r). Thus, one clear implication of the model is
that, in the absence of preference-based discrimination, there should be no difference in the
rate at which officers from different racial group search drivers of type (c¢,r). This insight
forms the basis of the empirical strategy that we employ.

In independent work, Anwar and Fang (2005), whose paper we became aware of after
developing the first draft of our paper, employ a similar test to distinguish between statistical
discrimination and preference-based discrimination. Their test is like ours in that it requires
information on both the race of the police officer and the race of the motorist and in that it
focuses on search rates rather than on conditional guilt probabilities. However, since their
model emphasizes the role of motorist characteristics that serve as noisy signals of motorist
guilt, their test differs somewhat from ours. Interestingly, when applied to our data, both

tests provide support for the existence of discriminatory preferences among police.

Empirical Strategy

In this section, we discuss how we test our model’s prediction. Recall that our model predicts
that, in the absence of preference-based discrimination, there should be no difference in the
rate at which officers from different racial groups search motorists of type (¢,r). Thus,
assuming that the officer’s race, the motorist’s race and ¢ are known, this implication can
be tested. Below we discuss what happens if ¢ is unobserved. However, in order to establish
the link between our model and our empirical strategy, it is useful to start with the case in

which ¢ is observed.

7Or, equivalently, that African-American officers exhibit favoritism towards group r.
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In order to motivate the probit model that we employ, recall that officers of race j search

drivers of race r and characteristics ¢ with the following probability:
Pr(search|j,c,r) = H [r(c,r) — ] .

Note that equilibrium guilty probabilities [r(c,r)] are independent of officer race, which
is revealed to drivers in the model only after the decision over whether or not to carry
contraband has been made; this independence is key to our identification strategy.®

In order to identify racial prejudice separately by officer race, we would ideally estimate

the following fully-specified probit model:

Pr(scarchlj,c,r) = H (B + Bre + Balj = a] + allr = a] + Ballj = a,r = w] + fs1[j = w,r =

Unfortunately, the parameters of this fully specified model cannot be estimated as the model

is perfectly collinear. To see this, take the difference between the final two regressors:
A=1j=al x1lr=w]-1[j =w] X 1[r =a] = 1[j = a] — 1[r = a]

Thus, this difference (A) equals a linear combination of the first two regressors. Our inability
to estimate this fully specified model is not surprising since, even if ¢ is a constant, there are
only four possible cases of driver / officer interactions but five parameters. We can, however,

feasibly estimate the following restricted model:

Pr(searchl|j, e, ) = H (Bo + frc + B21[j = a] + B31l[r = a] + Bymismatch),

where mismatch = 1[j = a,r = w] + 1[j = w,r = a] indicates a traffic stop in which
the race of the officer differs from the race of the driver. Given that we cannot identify
racial prejudice separately for African-American and white officers, we assume that they are
equally prejudiced (t¢ —t¢ =t —t%).2 Under this assumption, we can write the following

relationships between the theoretical and empirical specifications for this restricted model:1?

8Drivers do, however, know the distribution of officer race, which is assumed to be the same for all
motorists.

9If blacks and whites are not equally prejudiced, then our estimates will uncover the average level of
prejudice across black and white officers.

10In order to derive these relationships, consider the following four possible cases of driver/officer inter-
actions for both the theoretical and empirical models: 1) j = w,r = w, 2) j = a,7r = a,3) j = w,r = a,4)
j = a,7 = w. One can then show that Bo + fic = 7w(c,w) + t¥%. Using this relationship, the three key
parameters can then be solved for.
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RELATIONSHIP INTERPRETATION
By =t — % Cost differences by officer race
B3 =m(c,a) —m(c,w)  Statistical discrimination

Bs =10 —t8 =1t —t Racial prejudice

With data on the race of both the driver and the officer, we can thus distinguish between
racial profiling based upon statistical discrimination, which is captured by the coefficient on
driver race (fs), and racial profiling based upon prejudice, which is captured by the coefficient
on mismatch (54).

An implicit assumption underlying this Probit formulation is that search rates are sepa-
rable in driver characteristics (¢) and driver race (1[r = a]). That is, officers do not condition
on driver characteristics in a manner that differs between black and white drivers. While
this formulation appears to be restrictive, it is straightforward to incorporate an interaction
between driver characteristics and driver race (¢ x 1[r = a]) into the econometric specifi-
cation. Let (5 be the coefficient on this interaction term. Then, the above relationships
are identical except for the expression for statistical discrimination [7 (¢, a) — 7(c, w)], which
was previously equal to 83 and now equals 83 + O5c. Intuitively, any conditioning on driver
characteristics that differs between African and white drivers should be considered statistical
discrimination. Importantly, however, the interpretation of the coefficient on mismatch is
unchanged [By = t¢ — t% = t% — t¥] and still captures racial prejudice. As noted below,
the coefficient on mismatch is positive in our empirical application even after including these
interactions between driver race and driver characteristics.

Consider next the case in which driver characteristics (¢) are unobserved to the econo-
metrician. We show below that, under assumptions of normality and random matching of
officers and drivers, our approach retains the ability to distinguish between racial prejudice
and statistical discrimination even if unobserved driver characteristics are correlated with
driver race. Intuitively, the coefficient on driver race absorbs any unobserved differences
between black and white drivers, and the coefficient on mismatch is thus not contaminated
by the presence of these unobserved characteristics.

Recall that, according to the probit model, officers search if the following expression holds:

Bo + Bic+ B21[j = a] + Bsl[r = a] + Bymismatch — U >0

where U ~ N(0,1). Assume next that unobserved driver characteristics are normally dis-

tributed with a mean that varies by race:

13



c=c¢—0g, T =a,w

where € ~ N(0,1) and is assumed to be independent of both driver race (r) and officer
characteristics (U, j).1* As shown in Yatchew and Griliches (1985), without the normality
assumption, which is made here for reasons of tractability, the presence of unobserved char-
acteristics leads to complicated asymptomatic bias formulas in probit models.'? We refer
to the assumption of independence between unobserved driver characteristics and mismatch
as random matching. This random matching assumption will be satisfied if € is uncorrelated
with 7 and r. We address the validity of this assumption in the empirical analysis to follow
by studying how police officers are assigned to neighborhoods in Boston.'?

Substituting in the above expression for unobserved driver characteristics, officers of race

j search drivers of race r if:

60 + ﬁlcw + /821[] = a] + [/83 + ﬂl(ca - Cw)]l[T = a] + ,6’4rnismatch -U - 0/815 >0

Under the assumption that U and ¢ are independently distributed, U —o e ~ N (0, 1+ (302)

and the probability of search, unconditional on driver characteristics, is given as follows:

Bo + Bicw + B21[j = a] + [B3 + B1(ca — cw)|1[r = a] + Bymismatch

V14 pic? 7

We can thus define the unconditional probit parameters (yo,7v2,v3,74) as follows:

Pr(search|j,r) = H

11The assumption that c is a scalar is not crucial and can be generalized. In particular, allow an N x 1 vector
of unobserved driver characteristics (C) to vary according to driver race and a random vector: C = Cr — E,
where C and E are both N X 1 vectors, and the components of E are assumed to be distributed jointly
normal with covariance matrix X. In this case, the unconditional probit can be written as follows:

Bo + B1Cw + B21[j = a] + [83 + B1(Ca — Cw)]1[r = a] + Bamismatch

V1+ 5128,
where 31 is now a 1 X N vector.

121n particular, the asymptotic bias formulas depend on the cumulative distribution function for unobserved
characteristics. Applying this lesson to our analysis, if traffic stops in which the race of the driver differs
from the race of the officer are also stops in which drivers disproportionately carry contraband, then the
coefficient on mismatch could be asympotically biased in either direction.

13Without the assumption of random matching, our empirical strategy no longer directly measures racial
prejudice.  Suppose, for example, that unobserved characteristics are correlated with mismatch so that
¢ = ¢r + nmismatch—oe. In this case, the probit specification is given as follows:

Pr(search|j,r) = H

Bo + Bicw + B2l = a] + [B3 + Bi(ca — cw)]1l[r = a] + (B4 + B1m)mismatch

Thus, the coefficient on mismatch will capture both racial prejudice (84) and non-random matching (517).

Pr(search|j,r) = H
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/60 + ﬁlcw

no= 1+ 2o?
yy = P2
1+ 202
_ 63 + ﬁl (Ca - Cw)
Y3 = P
V14 Bio
B4

’y = —_—
! V14 pic?

Using these definitions and the relationships listed above between the theoretical parameters

and the probit parameters conditional on driver characteristics, we can thus relate the probit

parameters unconditional on driver characteristics to the theoretical parameters as follows:

RELATIONSHIP INTERPRETATION
y2 = (tY —t2)/\/1+ Bio2 Cost differences by officer race
73 = [m(c,a) — (e, w) + Bi(ca — cw)]//1+ B?02  Statistical discrimination

ya = (t9 —t2)/\/1+ 202 = (t% —t¥)/\/1 + 3?02 Racial prejudice

These relationships yield several key insights. First, results from the case in which the
econometrician observes and does not observe driver characteristics are identical if officers
do not rely on driver characteristics in their search decisions (8; = 0). In addition, if
there is no heterogeneity other than race in unobserved characteristics (o = 0), then the
coefficients on officer race and mismatch are unchanged. The coeflicient on driver race (7s),
however, is altered and now captures both statistical discrimination based purely upon race
[7(e,a) — w(c,w)] and statistical discrimination based upon driver characteristics that vary
according to race (81(cq — ¢y )); without further information, we cannot distinguish between
these two forms of statistical discrimination. However, even if 8; # 0 and o # 0, our
approach retains the ability to distinguish between statistical discrimination, in whatever
form it may take, and racial prejudice (v4 = (£ —t2)/y/1 4 B202). In fact, the presence of
unobserved driver characteristics only serves to bias our analysis away from measuring racial

prejudice due to the scaling factor (1/1 + $702), which exceeds one.

Data

In July 2000, the Massachusetts legislature passed Chapter 228 of the Acts of 2000, An Act
Providing for the Collection of Data Relative to Traffic Stops. Among other things, this
statute required that, effective April 1, 2001, the Registry of Motor Vehicles collect data on
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the identifying characteristics of all individuals who receive a citation or who are arrested.
The data collected by the State contain a wide variety of information including: the age, race
and gender of the driver, the year, make and model of the car, the time, date and location of
the stop, the alleged traffic infraction, whether a search was initiated and whether the stop
resulted in an arrest.

The statute also required the Registry of Motor Vehicles to collect data on warnings.
However, citing budgetary shortfalls, the Registry only compiled data on warnings for two
months. Thus, for most of the time period under investigation, we do not observe stops for
which an officer merely issued a written or verbal warning. That is, unless an officer issued
a citation, the stop does not appear in our data outside of the two-month period. If officers
favor members of their own racial group, then we might expect officers to issue citations
to members of their own racial group only if they have committed relatively serious traffic
infractions or if the officer strongly suspects that the driver is carrying contraband. If so,
then our estimates will tend to understate the extent of the racial bias in search patterns.
We will address this data limitation and related sample selection issues later in the analysis
by restricting our sample to the two-month period that includes data on warnings and by
separately examining stops conducted at night when officers are less likely to know a driver’s
race prior to pulling them over.

We were also able to obtain officer-level data from the Boston Police Department. These
data contain, among other things, information on the officer’s race, gender, rank and number
of years on the force. For the subset of citations issued by officers in the Boston Police De-
partment, we are then able to match the officer-level data to the citation-level data collected
by the state. In total, we are able to match officer-level data to over 112,473 citations issued
by 1,369 officers, representing just over 80 percent of the citations issued by officers in the
Boston Police Department in our data. That is, for approximately 20 percent of the citations
issued by an officer in the Boston Police Department in our data, we were unable to identify
the officer who issued the citation.

We restrict our sample in a number of ways. First, we the 6 citations for which contradic-
tory race information was recorded. In addition, we drop citations issued by Asian officers
(23 officers in total), and 7,732 citations issued to Asian, Native American and Middle East-
ern motorists. As a result, all of the motorists and officers in our data are either black,
white or Hispanic. We also drop the ten citations that were issued to motorists outside the
city of Boston. This may have happened, for example, if an officer followed a speeding driver

outside of the city limits. Finally, we drop about 4,500 observations with missing information
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on the race, age and residence of the driver and whether an accident occurred. Once these
restrictions have been made we are left with 95,855 citations issued by 1,317 officers.

Of considerable concern is the fact that the search variable is missing for over 18 percent
of the citations in our data. When filling out a citation, officers are required to check either
“yes” or “no” to indicate whether a search was conducted. If an officer neglected to check
either box, then the search variable is missing in our data. We do not know why officers
failed to check this box. One possibility is that they were careless. Another is that they did
not fully understand how to fill out the citation and generally only checked the “yes” box if
they conducted a search but otherwise left the question blank. There is substantial variation
across officers in the proportion of citations for which the search variable is left missing; some
officers appear to have been better at accurately filling out the citation than others. There
are a number of ways of dealing with these missing values. We pick the method that we
think is the best and then check to see if our results are robust to alternative procedures. In
our baseline specification, if the officer indicated that a search was conducted for all citations
in which search was non-missing, then we assume that when the search variable is missing,
no search was conducted. Then, we drop all officers for whom search is missing for more
than 10 percent of the citations that those officers issue. Doing so eliminates approximately
24 percent of the citations (and 48 percent of the officers) in our data.!* For the remaining
685 officers, we drop observations for which search is missing, and are left with a sample
comprising 70,652 citations. Tables 1 and 2 are calculated using this sample.

Table 3 presents some basic summary statistics. The first column includes all of the
citations for which our baseline search measure is missing, whereas the second column includes
all of the citations for which our baseline search measure is available. Thus, comparing these
first two columns provides some idea as to whether the citations for which search is missing
differ systematically from those where it is not. Among citations for which search is missing,
accidents are about twice as likely to have occurred as among citations for which search is
not missing. There is also some variation across the first two columns in the percentage
of citations that are issued in each neighborhood, reflecting the fact that officers in some
districts were less likely to leave the search question blank than were officers in other districts.
Otherwise, citations for which the search variable is missing appear to be quite similar to

those for which it is not.'® The last three columns of Table 3 show the average characteristics

141n calculating the percentage of citations for which search is missing, we do not include citations in which
the race of the driver is missing.

15We also estimated probit models for whether or not the search variable was missing as a function of officer
and driver characteristics. The mismatch coefficient turns out to be negative but statistically insignificant.
This insignificance suggests that the omission of missing observations is not driving our results. Even if the
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of the citations in our sample broken down by the race of the officer issuing the citation. We
see that drivers are disproportionately issued citations by officers from their own racial group.
As we will see below, this may reflect the fact that officers are more likely to issue tickets
in districts in which a large portion of the population (and so, presumably, the drivers) are
in the same racial group as the officer. Indeed, this is also reflected in the fact that there
is variation across the last three columns in the proportion of citations issued in different
neighborhoods. Finally, we see that black officers are more likely to issue citations at night
and less likely to issue citations at which an accident has occurred than either white or

Hispanic officers.

Search Patterns in the Boston Police Department

In this section we test our model’s theoretical predictions. For the time being we abstract
from the possibility that there exist racial differences in officers’ abilities to assess the guilt of
motorists from different racial groups and the possibility that officers may be non-randomly
matched with motorists from different racial groups.

We start by replicating the results presented in KPT. To do so, we use a probit model to
study the probability of search and the probability of guilt conditional on search. In order
to determine how the probability of search and the probability of guilt conditional on search
differ depending on the race of the driver, we include indicator variables for whether the
driver is black or Hispanic (so that white drivers are our omitted category). We also include
as controls indicator variables for whether the stop occurred at night (6pm-5am), whether
the driver was below the age of 26, whether the driver was male, whether the driver was
from in state, whether the driver was from in town, and whether an accident had occurred.
In addition, we include indicator variables that control for the district in which the stop
occurred. In Table 4 (and in all remaining relevant tables) we report the coefficients of our
probit model. Column 1 presents the results from the probit model of the probability of
search, and column 2 presents the results for the probability of guilt conditional on search.
In these first two columns, each citation receives equal weight. However, concern that these
results are driven by a small number of officers who issue an unusually large number of
citations prompted us to repeat the analysis in columns 1 and 2, but weight each citation
by one over the number of citations given by the officer issuing that citation. The last two

columns of Table 4 present the results of these weighted probits.

coefficient were statistically significant, this result would only serve to bias us against finding preference-based
discrimination under the assumption that non-searches were more likely to be coded as missing observations.
That is, our data are missing non-searches in which the race of the officer and driver were likely to match.
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Our results are sometimes sensitive to whether or not we weight citations in this fashion.
In fact, the merits of weighting depend upon the question that you wish to answer. If you are
interested in understanding the behavior of the average officer, the weighted probits provide
a better description of the data since officers who issue a large number of tickets do not
exert a disproportionate impact on the estimates. On the other hand, if you are interested
in understanding search outcomes for the average motorist who receives a citation, then the
unweighted probits are more appropriate. In this paper, we are interested in understanding
the search decisions of officers and, in particular, whether their behavior is consistent with
preference-based discrimination. Thus, we believe that the results of the weighted probits
are appropriate. For several reasons, however, we also present robustness checks using the
unweighted probits. First, describing search outcomes for the average motorist is interesting
in its own right. Second, differences between the weighted and unweighted probits, and the
concomitant differences in the interpretation of the results, highlight the fact that citation-
level data (even if officer race is available) may lead to misleading results if it is not possible to
account for the fact that officers who issue a large number of tickets will be over-represented
in the sample.

As the first column of Table 4 indicates, black drivers are more likely to have their cars
searched than are white drivers. This result also holds for the weighted probit in column 3.
Like Knowles, Persico and Todd, we find no evidence that the probability of guilt conditional
on search differs by the race of the driver. In particular, in both columns 2 and 4, the
coefficient of the indicator variable for whether the driver is not statistically different from
zero. Table 5 is identical to Table 4 except that it drops citations for which either the officer
or the driver is Hispanic. The results are very similar to those in Table 4 though there is
some evidence that black motorists are less likely to be found with contraband than are white
motorists.

KPT interpret the finding that the probability of guilt conditional on search is identical
across racial groups as evidence against preference-based discrimination. However, as the
discussion in the preceding section highlights, once the model of KPT is generalized to allow
for heterogeneity in officer search costs, this prediction no longer holds.

However, our model delivers an alternative method for distinguishing between preference-
based discrimination and statistical discrimination. In particular, our model predicts that
if statistical discrimination alone explains differences in the rate at which African-American
and white drivers are pulled over, then there should be no difference in the rate at which

officers from different racial groups search drivers from any given racial group. To examine
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this, we again use a probit model to analyze the probability of search. Here, in addition
to controlling for the race of the driver, we also include indicator variables for the race of
the officer as well as an indicator variable that is equal to 1 if the race of the officer differs
from the race of the driver (we call this indicator “mismatch”). Table 6 presents our results.
In the first three columns, each citation receives equal weight, and each column includes a
progressively broader set of controls. In the last three columns each citation is weighted by
one over the number of citations given by the officer issuing the citation. In all six columns,
the coefficient on our mismatch indicator is positive and statistically different from zero at
standard significance levels. Thus, our results indicate that officers are more likely to search
motorists who are not member