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Abstract—Despite their ubiquity, observational studies to infer the causal
effect of a so-called immutable characteristic, such as race or sex, have strug-
gled for coherence, given the unavailability of a manipulation analogous to
a “treatment” in a randomized experiment and the danger of posttreatment
bias. We demonstrate that a shift in focus from actual traits to perceptions
of them can address both of these issues while facilitating articulation of
other critical concepts, particularly the timing of treatment assignment. We
illustrate concepts by discussing the designs of various studies of the role
of race in trial court death penalty decisions.

I. Introduction

WE discuss the prerequisites for the design of an obser-
vational study to infer the causal effect of a so-called

immutable characteristic, such as race or sex. Despite their
ubiquity, such studies have struggled for theoretical coher-
ence because of, among other things, the impossibility of
manipulating such traits in a way analogous to administer-
ing a treatment in a randomized experiment and the danger
of posttreatment bias stemming from the fact that almost
all variables on which a researcher would like to condition
are determined after an individual’s conception. Because of
these issues, prominent scholars (Holland, 1986a; Winship
& Sobel, 1999; Freedman, 2004; Berk, 2004) contend that it
is inappropriate to conceptualize a person’s actual race, sex,
or national origin as a treatment in an observational study
and that attempts to infer the causal effects of such traits are
incoherent.

Here, we articulate how to draw causal inferences with
respect to immutable characteristics. We argue that a shift
in focus from actual traits to perceptions of them allows a
researcher to address both of these problems while simultane-
ously facilitating sharp articulation of necessary assumptions.
Our discussion has practical consequences. For example, we
demonstrate that one cannot coherently study the effect of
victim or defendant race on jury assignment of capital pun-
ishment without including acquittals in the analysis data set,
despite numerous studies that fail to do so. Similarly, we
suggest that even certain kinds of randomization will not
allow causal inference of the effect of a judge’s sex on case
outcomes despite studies attempting to do so.

We ground our discussion within the potential outcomes
framework of causation ((Neyman, 1990) in the context
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of randomization-based inference in randomized experi-
ments, and Rubin (1974, 1978) more generally, including
for Bayesian inference in randomized studies), also called
the Rubin causal model (Holland, 1986a). We nevertheless
believe the concepts discussed, particularly the presumptive
timing of treatment assignment we identify, are equally appli-
cable and useful to other causal paradigms (Pearl, 2000;
Heckman, 2005). Although we draw our examples primarily
from antidiscrimination law, the issues we discuss are appli-
cable to studies in economics, sociology, political science,
and other fields.

A preview and slight oversimplification of our thinking,
using race as an example, is as follows. When assess-
ing whether intentional discrimination (what the law labels
“disparate treatment”) has occurred, researchers are often
interested in whether the decisions of what we call a
“decider”—a particular person or an institutional actor—
are made without regard to race. Under this formulation,
perceived race is not an immutable characteristic because
one can hypothesize interventions that might change the
decider’s perceptions. Such interventions are of only indirect
concern, however, because the researcher does not contem-
plate manipulating perceptions of race and therefore does not
contemplate implementing the treatment whose effects are
under study. A key benefit of this formulation is that it iden-
tifies the presumptive timing of treatment assignment as the
moment the decider first perceives a unit’s race. This moment,
which occurs long after the unit’s conception, allows (indeed,
requires) the researcher to consider pretreatment variables as
covariates. And the entire structure allows sharp articulation
of critical assumptions.

For the remainder of this paper, we assume familiarity with
the following concepts: units, treatments, timing of treat-
ment assignment, outcome variables, covariates (observed
and unobserved), intermediate outcomes, assignment mech-
anism, ignorability, posttreatment-adjustment bias, the stable
unit treatment value assumption (SUTVA; Rubin, 1980a),
and the fundamental problem of causal inference. For readers
unfamiliar with any of these terms, summaries are available
in Rubin (1978, 2006b), Holland (1986b), Imbens and Rubin
(2006), Gelman and Hill (2007).

II. Previous Arguments

For analysts from a variety of fields, the intensely practical
goal of causal inference is to discover what would happen if
we changed the world in some way (Holland, 2003). This
understanding has several consequences discussed in detail
elsewhere: the maxim, “No causation without manipulation”
(Rubin, 1975); the randomized experiment’s status as the
gold standard for causal inference; and the imperative to
analyze observational data by reconstructing a hypothetical
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randomized experiment by (among other things) separating
covariates from intermediate outcomes and balancing covari-
ates between treatment and control groups (Cochran & Rubin,
1973; Rosenbaum & Rubin, 1983; Rubin, 2007a).

The emphasis on manipulation has led some scholars (Hol-
land, 1986a; Winship & Sobel, 1999; Freedman, 2004; Berk,
2004) to contend that it is inappropriate to conceptualize a
person’s actual race, sex, or national origin as a treatment
in an observational study. Holland (2003) in particular dis-
tinguishes “properties” or “attributes,” such as race and sex,
from “causes,” such as a pill. The objection to studying causal
effects of attributes has two aspects. First, attributes are not
subject to change by intervention. Second, some properties
(including immutable characteristics) are determined at a per-
son’s conception, and thus almost all measurable variables
specific to a unit are posttreatment: “For example, because
I am a White person, it would be close to ridiculous to ask
what would have happened to me had I been Black” (Hol-
land, 2003). Note that such arguments may implicitly adopt
a biological definition of immutable characteristics.

Meanwhile, other scholars have explored the idea that per-
ceptions of immutable characteristics, not the “actual” traits
(to the extent that the latter are well defined), are what matter
and that perceptions are manipulable. Social psychologists
have experimented with manipulations involving race in the
lab (for a review and an analysis of cognitive mechanisms,
see Cosmides, Tooby, & Kurzban, 2003). Researchers have
also discussed (Berk, 2004) and implemented manipulations
of variables closely associated to traits. For example, analysts
have manipulated names associated with political speeches
(Sapiro, 1981–1982) or résumés (Bertrand & Mullainathan,
2004), although these variables may also be closely associ-
ated with other and less legally problematic variables such
as socioeconomic status or education. Other scholars have
explored the effect of interventions that remove a decider’s
ability to perceive a trait (for example, placing a screen in
front of auditioning musicians, Goldin & Rouse, 2000). Thus,
the idea that perceptions matter and can be manipulated is
not new. Nevertheless, nothing in this literature articulates
the definitions and assumptions needed for causal inference
regarding the effects of perceived immutable characteristics
via an observational study.

To our knowledge, Fienberg and Haviland (2003) provide
the first explicit discussions of perceptions as opposed to
actual traits in a causal inference framework. They note that
perceptions may be manipulable and discuss both the need to
observe variables sufficient to justify an ignorability assump-
tion, as well as the advantages of matching methods in this
area. Some excellent work that we have seen on the sub-
ject we address here is Kaufman (2008), who discusses the
importance of a decision maker (whom we call the “decider”)
and distinguishes inferences about the effect of race on such a
person or entity’s decisions, which may be rigorously concep-
tualized, with inferences about other aspects of race, which
may not be. We developed this idea independently from Kauf-
man (see Greiner, 2007), and it is a cornerstone of proper

thinking in this area. It is not the only cornerstone, however.
Work remains to be done, among other things, to answer
Holland’s objections articulated above; to address the timing
of treatment assignment; separate covariates from interme-
diate outcomes; and articulate the meaning of the stability
assumption.

III. Perceptions

A shift in emphasis to perceptions of immutable character-
istics allows some well-defined causal questions to be posed
and, within the limits of observational studies, inferences to
be drawn. At a minimum, it is possible and useful to identify
a set of assumptions that allows causal analysis. If some find
the assumptions we state too strong to accept as plausible,
we sympathize. We do not intend to minimize the difficulties
involved.

To answer the first primary objection to considering
immutable characteristics as “treatments” as opposed to
“attributes,” the unavailability of a manipulation, one must
ask the following question: Why does causal inference
by the potential outcomes framework typically require the
researcher to specify an intervention, real or hypothetical?
The answer is that a researcher typically has some desired
state of the world he wishes to realize, and that whether a
contemplated intervention will further progress toward that
state of the world can depend critically on the intervention’s
precise nature. For example, analysts attempt to study the
effect on test scores of sending children to Catholic schools
(Coleman, Hoffer, & Kilgore, 1982). Here, the “no causation
without manipulation” maxim reminds us that such studies
can be abused. Politicians might rely on them to push school
vouchers, but vouchers may induce only certain types of chil-
dren to attend private schools or induce children to flock to
private schools in overwhelming numbers (Morgan, 2001).
Thus, the danger is that analysts may study the effect of a
variable that might bear an uncertain relationship to a contem-
plated policy intervention, whereas proper causal inference
counsels study of the effect of the proposed intervention itself
(Mealli & Rubin, 2003).

Immutable characteristics as causes are different. When
studying the causal effect of traits, particularly in law, we
ordinarily do not contemplate an intervention taking the form
of manipulating these attributes or even perceptions of them.
Rather, the goal is to decide whether to compensate victims
(as in employment discrimination) or whether to alter a gov-
ernmental system in light of any discrimination found (such
as by suspending the death penalty). In short, we draw infer-
ences as to causal effects of perceptions of traits to decide
whether to intervene in some remedial way, not to study
what would happen if we did intervene to alter these per-
ceptions. Thus, an inability to manipulate actual immutable
characteristics may not be fatal.

This is not to say that identifying possible manipulations
has little value. To the contrary, such an exercise can illu-
minate several important aspects of an observational study.
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We identify two such aspects. First, when a researcher
identifies what would be manipulated, the mechanisms by
which a person (below, we define this person, the decider)
perceives another’s race (or sex, or something else) are
thereby identified. If, as we believe, race is a social con-
struct, then specifying the mechanisms by which the decider
perceives another’s race helps to define that construct for
the purposes of the study. Second, and relatedly, specifying
possible manipulations can assist in the process of identi-
fying covariates needed to make an ignorability assumption
plausible.

We discuss ignorability in greater detail below, but to illus-
trate this point briefly, consider Bertrand & Mullainathan
(2004). This study sought to manipulate perceived race by
manipulating names on résumés (for example, “Lakisha” for
black, “Emily” for white). As Bertrand and Mullainathan
recognized, however, the hiring authorities in the firms they
studied might use names as a shorthand for other variables,
such as education, skills, or socioeconomic class. For this
reason, they sought to provide information on these vari-
ables in the résumés they sent. Thus, a focus on the variable
to be manipulated helped these analysts identify possible
confounders to the effect they wanted to measure. Identi-
fying possible manipulations can serve the same role in an
observational study.

Note that the fact that the analyst might identify several
possible manipulations affecting perceived traits (for exam-
ple, names, clothes, hair length, body shape) does not pose
definitional problems. Treatment variables need not be 0 or
1. And when proceeding Bayesianly, so that missing counter-
factual values are conceptualized as random variables with a
distribution, an analyst could define a probability distribution
for the various manipulations. The distribution for each unit’s
missing counterfactual value would then be represented by
a stochastic mixture of the distributions induced by the vari-
ous combinations of manipulations. Such a conceptualization
might pose inferential challenges and assumptions of some
strength may be required to proceed, but the basic framework
remains coherent.

The second primary objection to considering immutable
characteristics as treatments as opposed to attributes is that
at-conception assignment of treatment renders almost all rel-
evant variables posttreatment. This is a serious problem, but
it does not prevent all progress. For example, many antidis-
crimination mechanisms, particularly those implemented as
a result of litigation, turn on whether a particular person or
institutional actor, a decider, has behaved in a trait-neutral
manner. (We distinguish the decider, who controls the out-
come of interest, from the decision maker in Rubin, 2008,
who may control treatment assignment.)

In the employment context, for example, a race discrimina-
tion lawsuit focuses on whether a firm has administered some
benefit, such as hiring without regard to race. Hypothetically
it might be that African Americans applying for jobs at a firm
suffer lower education achievement (as compared to Cau-
casians) because of past governmental school segregation and

that the employer, by hiring based on education achievement,
perpetuates the effects of this discrimination. Under the law,
however, as long as the employer makes decisions on the basis
of educational achievement alone (meaning without regard to
race), no liability attaches. In colloquial terms, the employer
is responsible only for avoiding its own discrimination, if any.
(We remind readers that here we discuss intentional discrimi-
nation, not what the law calls disparate impact, which focuses
on disparities on different groups’ outcomes allegedly caused
unintentionally.) Thus, in the employment example, we are
not simply allowed to condition on all variables whose val-
ues are determined prior to the moment of first interaction
between a set of job applicants and an employer; we are com-
pelled to do that conditioning. Many relevant variables should
accordingly be thought of as pretreatment.

Much here depends on a willingness to exonerate the
decider from responsibility for prior events. In some situ-
ations, we do require the decider to respond to circumstances
arguably not of its own creation. For example, a statuto-
rily imposed duty to “affirmatively further fair housing”
(42 U.S.C. §§ 1437c-1(d)(16), 5306(d)(7)(B)) may require
a local housing authority to decrease the racial identifiability
of neighborhoods, a circumstance that may be due in part
to nongovernmental decisions in the private housing market.
This situation differs from the one we study.

A. Primitives

We identify the primitives of causal inference: the units,
the treatments, the timing of treatment assignment, and the
outcome. Again, we use antidiscrimination (for example, in
jobs or capital trials) to illustrate concepts.

A unit is typically a person in some defined role, such
as an applicant for a job or a capital defendant. The treat-
ment is the unit’s immutable characteristic as perceived by
the decider—an employer or the jury in a capital case (see
Pierce & Radelet, 2002, for analogous reasoning). The tim-
ing of treatment assignment is presumptively the moment
the decider first perceives the unit’s immutable characteris-
tic. Conceptualizing treatment as occurring at the moment of
first perception captures the fact that variables whose values
are determined after that moment may be affected by the per-
ception. For example, in an evaluation of an applicant’s job
interview, an employer may rate a unit perceived to be male
higher than an otherwise functionally identical unit perceived
to be female, so it makes sense to conceptualize the evalu-
ation as an intermediate outcome. This critical issue of the
timing of treatment assignment has been unaddressed in sta-
tistical work regarding immutable characteristics (National
Research Council, 2004).

Two aspects of the primitives deserve further explanation.
First, to make it possible to imagine a unit’s counterfactual
outcomes and avoid the problem of a treatment administered
at birth, the decider must be a relatively discrete person or
institutional actor. For example, juries in capital cases play a
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discrete role and interact with homicide victims over a defined
period of time, from jury selection to punishment verdict. It
may be possible, then, to imagine a capital jury’s perception
of a victim’s race being different from what it actually was,
that is, to visualize a counterfactual. In contrast, if the decider
is the set of all employers in the United States, as might be in
a nationwide study of the effect of perceived race on wages,
we have difficulty visualizing stable potential outcomes for
study units, a point to which we return in our discussion below
on the limits of our proposal.

Second, the emphasis on perceptions addresses problems
that previous researchers have not considered. One such prob-
lem addressed is the question of defining “true” race. Many
view race as a social construct that evolves over time, as
opposed to a biological concept (American Anthropological
Association, 1998; Lopez, 1996; Holland, 2003). For exam-
ple, one court dispute involved the following question: “Is
a high caste Hindu of full Indian blood, born at Amrit Sar,
Punjab, India, a white person within the meaning of” U.S. nat-
uralization law (United States v. Thind, 261 U.S. 204, 206,
1923)? This question’s combination of socioeconomic sta-
tus, religion, ancestry, geography, and ethnicity suggests that
attempting to define “true” race in terms of biological charac-
teristics could be futile. A focus on perceptions demonstrates
that such an attempt may also be unnecessary. Instead, for
causal inference to proceed, we must believe that U.S. society
has constructed classifications called, say, American Indian
or Alaska Native, Asian American, Black or African Amer-
ican, Native Hawaiian or Other Pacific Islander, and White
(U.S. Office of Management and Budget, 1997), and that
these classifications exist in the mind of the decider. If so,
then biological definitions are irrelevant.

B. SUTVA

Previous work (Rubin, 1980b) has emphasized the criti-
cality of SUTVA in defining causal effects in terms of an
N × 2 table of the units’ potential outcomes, where N is the
number of units. Both prongs of SUTVA—that for each unit
there is only one form of the treatment that the unit did not
receive (for example, only one kind of active pill for a unit
that receives placebo) and that the treatment one unit receives
does not affect a different unit’s potential outcomes—require
careful evaluation.

The assumption that there is only one form of each coun-
terfactual treatment for each unit will ordinarily involve at
least three different aspects: one touching on unit character-
istics, the second involving the extent of the interpersonal
interaction between the units and the decider, and the third
consisting of a concept we label “invariance.” With respect to
unit characteristics, the assumption means, for example, that
for a unit actually perceived as male, a potential employer
would not base hiring decisions on degree of “womanliness”
were that unit perceived to be female. Rather, for this unit who
is actually perceived male, we must imagine there could have

been in the employer’s mind a single essential, counterfactual
state of “woman.” With respect to the extent of interpersonal
interaction, in most settings, a researcher will be forced to
assume that the nature and extent of the relationship between
the units and the decider does not change the potential out-
comes. For example, in a death penalty setting in which the
defendant’s race is at issue, a researcher will ordinarily have
to assume that it makes no difference whether a defendant
exercises a Fifth Amendment right not to testify, testifies for
a short period of time, or occupies the witness stand for a
week.

To understand what we call invariance, one might ask how
jurors discover a homicide victim’s race. A defense attorney
may exercise his client’s constitutional right to inform the
jury pool of the victim’s race and question potential jurors as
to their prejudices (Turner v. Murray, 476 U.S. 28, 37, 1986).
Alternatively, jurors may see pictures of a corpse, or they may
draw an inference about the victim’s race based on their per-
ceptions of the races of the victim’s relatives who are called to
testify. The critical assumption here is that how the perception
is created does not matter, that is, the counterfactual potential
outcome is “stable,” invariant to the nature of the evidence
on which the decider’s perception is based. Something anal-
ogous to this assumption is implicit in any causal study. For
example, whether a potential vaccine shot is administered
in a unit’s right or left arm is ordinarily not recorded. On
the other hand, some differences in application (for example,
intermuscular versus subcutaneous administration of a drug)
may make a serious difference.

With respect to the second prong of SUTVA, noninterfer-
ence, much depends here on the choice of decider and the
question to be studied. For example, in the death penalty
context, with the jury as the decider, the legal steps taken
to ensure jury neutrality and independence may render a
noninterference assumption plausible. In contrast, with the
prosecutor as the decider, the researcher must think carefully
about whether, for example, resource constraints allow the
prosecutor’s charging decisions to be independent from case
to case.

As is true with many assumptions, SUTVA could be
relaxed if the researcher has access to information beyond
that typically available. For example, if an accurate mea-
surement of maleness were possible and recorded, where
accuracy here focuses on how well the measurement mimics
the governmental or socioeconomic actor’s perceptions, then
the treatment might be conceptualized as taking on multiple
values. In the ordinary study, however, the researcher will
have access only to “M” or “F.” Similarly, and as discussed
in section II, the invariance assumption may be relaxed if
the analyst proceeds in a Bayesian fashion and hypothesizes
a probability distribution over several possible hypothetical
manipulations. Proceeding in this manner in an observational
study would require substantial quantities of data regarding
which manipulations units actually received, however, and
may not be feasible in many observational contexts.
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C. Further Assumptions for Implementation

The primitives, together with SUTVA, allow a researcher
to construct a well-defined framework for causal inference. In
practice, two additional assumptions, ignorability and accu-
rate perceptions, will typically be necessary when applying
the framework to a data set.

Ignorability. In complicated transactions in which a unit
interacts with multiple parts of an overall socioeconomic or
governmental system, a researcher may have more than one
choice of decider to study. In such situations, the researcher
may have to balance the need to make an ignorability assump-
tion plausible against a desire to detect the effect of perceived
immutable characteristics in all aspects of the system. By
focusing on a decider who perceives the unit’s immutable
characteristic “late” in the interaction, the researcher implic-
itly chooses a later timing of treatment assignment, rendering
more measured variables pretreatment and thus properly
characterized as covariates. That in turn can make an ignor-
ability assumption more plausible. But by treating such
variables as covariates (and thus conditioning on them in the
analysis), the researcher forgoes the detection of any prior
discrimination that may have affected the values of these
covariates.

For example, in homicide investigations, at least six dis-
tinct actors play a role in the administration of a case from
discovery of a corpse’s race to a possible death sentence: the
police, the prosecutors, the witnesses, the defense team, the
judge, and the jury. Jurors perceive the victim’s race late in
the administration of the case, typically on or after the first
day of jury selection, allowing a researcher to consider as
covariates any variables whose values are determined before
jury selection begins. That makes an ignorability assumption
more plausible but also renders beyond the scope of the study
any discrimination prior to voir dire by the police, the pros-
ecutor, the defense counsel, the witnesses, or the judge. In
contrast, a researcher studying prosecutors may have fewer
pretreatment variables, but if an ignorability assumption is
nevertheless plausible, discrimination (if any) in charging
decisions may be estimable.

Accurate perceptions. In a typical biomedical or social
science study, there are few conceptual issues associated
with recording the treatment to which a unit is assigned and
whether there is full compliance (for example, a unit takes
either an active ingredient or a placebo). In the context of per-
ceived immutable characteristics, the treatment is in the mind
(perhaps the collective minds) of the decider and is thus tech-
nically unobserved. What is typically observed or recorded
is someone else’s perception of each unit’s immutable char-
acteristic, often the unit’s self-report. Whatever the source of
the recorded value, its value must be “accurate,” for exam-
ple, agree with the decider’s perception. This assumption
may often be plausible, but the recent increase in the num-
bers of persons with mixed race or ethnic self-identification,
however, may make this assumption questionable.

IV. Where the Framework May Work

We believe that the set of circumstances in which infer-
ences about the causal effect of perceived immutable char-
acteristics can reasonably be attempted is nonempty. For
example, a researcher might be interested in the effect of
the victim’s race on the jury’s decision to impose death or
life imprisonment in cases in which no member of the vic-
tim’s family takes the witness stand (note that we focus on
the victim here, in contrast to our earlier focus on the defen-
dant; as we will explain, capital punishment studies of race
typically concern the races of the victim and the defendant).
Under these circumstances, the jury’s perception of the vic-
tim’s race will ordinarily be based on evidence that one can
imagine a researcher manipulating, such as defense coun-
sel’s statements to the jury pool during jury selection, the
juror’s observation of the victim’s physical characteristics as
depicted in photographs, or the victim’s name. Defense coun-
sel could be asked to change a statement, photographs could
be altered, or the victim’s name (as reported to the jury) could
be changed. The fact that such hypothetical manipulations are
illegal does not distinguish this kind of observational study
from other observational studies in which a contemplated
intervention is unethical or prohibitively expensive. In any
event, as explained in section II, precisely specifying manip-
ulations is less essential in the immutable characteristics
context because no one contemplates actually implement-
ing them. Finally, legal safeguards such as sequestration may
ensure that juries do not interfere with one another, and vari-
ables with values set prior to jury selection are covariates,
thereby making SUTVA and ignorability more plausible.

Contrast this relatively straightforward situation with that
confronting a researcher who attempts to assess the effect of
the victim’s race on the entire capital criminal process. Here,
the decider is the entire criminal justice system, including
the police, who ordinarily perceive victim race on discovery
of a corpse. Many variables a researcher might record, from
the severity of the circumstances surrounding the crime to
some of the mitigating characteristics of the defendant’s life
(as discovered by investigations), are revealed posttreatment.
Although some underlying facts are pretreatment, the facts
as they are recorded in available sources (such as a police
report) are not. If police investigate majority-race homicides
with greater vigor than others, then the treatment may affect
what exists in the case file. This issue requires careful thought.

Thus, we have identified some circumstances under which
causal inference as to the effect of immutable characteristics
can proceed under plausible assumptions and some in which,
under the current state of our knowledge, such inference
might require implausible assumptions.

V. Familiar Patterns

Clarifying these principles has several practical benefits. In
particular, problems arising in research regarding immutable
characteristics are structurally identical to issues confronted,
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and solved, elsewhere. Numerous examples exist; we provide
one illustration from the death penalty context. In response
to the Supreme Court’s decision in Furman v. Georgia (408
U.S. 238, 1972), states adopted multistage trials for capital
prosecutions. For simplicity, we consider a two-phase process
used in some states, including Georgia. In the first, or guilt,
phase, the jury decides whether the defendant committed a
death-eligible crime. If it convicts on a death-eligible offense,
the same jury then decides, in a penalty phase that ordi-
narily includes additional evidence, whether the defendant
should be executed or sentenced to life in prison. The penalty
phase includes a variety of procedural safeguards designed
to reduce consideration of irrelevant factors, including race.

Under such a two-stage, single-jury system, courts and
researchers often ask whether race (of the defendant) plays a
role in the jury’s sentencing decision, an inquiry that directly
engages the procedural safeguards mentioned above. For
illustrative purposes, we assume for the moment that all
defendants are either white or black. Jurors typically per-
ceive a defendant’s race during voir dire, and certainly by the
first day of the guilt trial. Thus, the treatment is administered
prior to the jury’s guilt verdict. But for the death penalty
to be an option at the sentencing phase, the jury must first
have convicted the defendant of a death-eligible offense (usu-
ally first-degree murder). Thus, an effect of defendant race
on sentencing is defined only for capital cases in which the
jury would have convicted the defendant of a death-eligible
offense under both treatments: perceived as white and per-
ceived as black. A researcher who fails to isolate this set of
units for analysis could make one of many mistakes, among
them the attribution of an effect in fact occurring at the guilt
phase to an effect on sentencing. Structurally this problem
is identical to one labeled “censoring due to death” or “trun-
cation due to death” in the biomedical context (Zhang &
Rubin, 2003; Rubin, 2006a). Note that here, alas, “death” in
the biomedical context is an acquittal (or a conviction of a
lesser offense) in the legal one. Greiner (2008) discusses fur-
ther details. We return to this concept in our discussion of the
death penalty literature.

VI. Capital Punishment Studies

To illustrate concepts, we had initially thought to reanalyze
data from one of the numerous recent (post-1990) studies
on race and capital punishment. After reviewing dozens of
papers in the area and paying particular attention to study
design (Rubin, 2008), we could find no preexisting capital
punishment data set that would allow causal inference by
the potential outcomes framework to proceed. As explained
below, we take heart in the fact that we do believe it possible
to gather a data set that would allow a successful study of, at
a minimum, jury decision making. Our reading of the litera-
ture suggests, however, that no such data-gathering effort has
been accomplished so far, and we thus review capital punish-
ment study designs to illustrate our ideas. We also reanalyze
some data from the most famous empirical study in this area

(indeed, perhaps the most famous empirical study in the law):
the Baldus Charging and Sentencing Study of Georgia dur-
ing the 1970s (Baldus, Woodworth, & Pulaski, 1990). But
because we are unable to articulate a well-defined causal
question answerable with the Baldus study data, we keep
our discussion brief.

We discuss each of two categories into which fall the major-
ity of studies of trial-level adjudication of death sentences:
analyses that follow an approach we believe to be due to
Gross and Mauro (1984) and those that structurally resemble
the Baldus study. We include in the latter a discussion of the
results of our reanalysis of a portion of the Baldus study data.

A. SHR Studies

To our knowledge, Gross and Mauro (1984) pioneered the
practice of linking covariates from Supplementary Homicide
Reports (SHRs) with outcome data from other sources to
examine death penalty administration (for subsequent simi-
lar analyses, see Radelet & Pierce, 1991; Brock, Cohen, &
Sorensen, 2000; Williams & Holcomb, 2001; Lenza, Keys,
& Guess, 2005). Local law enforcement agencies file, with
the FBI, SHRs reporting the sex, age, and race of the both
victim and suspected killer (if information on the latter is
available); the date and place of the homicide; weapon used;
contemporaneous felonies; and a code for the victim-suspect
relationship. The Gross and Mauro (1984) template is to
match SHR cases to files from another data source (Gross and
Mauro used an NAACP database) containing information on
whether a defendant was sentenced to death. Because SHRs
do not include unique identifiers for the victim or a suspect
(the latter may not exist at the time the report is filed), the
linking process can be difficult and time-consuming. Once
linking is complete, cross-tabulation or model-based analy-
sis can proceed using the variables contained in the SHR,
often with the four treatment groups described by the four
victim/defendant black/white combinations.

The decider implicitly chosen in these studies is difficult to
ascertain. To limit analysis to SHR data with reasonably com-
plete information, Gross and Mauro (1984) use only those
SHR cases for which an age of the suspect is available, sug-
gesting that for the remainder, there being no suspect, there
was “insufficient information . . . to form the basis for official
action” (p. 98). In other words, these cases never became part
of the criminal justice system. But entry into the criminal jus-
tice system is itself a decision made by deciders, particularly
the police and, to the extent involved in the investigation,
the prosecutor. Whether these deciders find and declare a
suspect could depend on the nature of their investigations,
which might depend on the perceived racial characteristics
of the victim and possible suspects.

Perhaps the SHR studies implicitly choose as the decider
the criminal justice homicide system from the prosecutor’s
office to penalty phase, thus internalizing an assumption that
any posttreatment bias in prosecutorial behavior did not affect
the covariate data in the SHRs. If one concedes that such
a focus leads to a well-defined study, a second difficulty
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with SHR studies is whether the covariates in the SHRs are
rich enough to justify an ignorability assumption. To their
credit, Gross and Mauro (1984) discuss this issue explicitly;
we remain skeptical. The set of factors in the death penalty
statutes of the states under study includes more variables
than are coded in SHRs. For instance, there appear to be
no SHR variables addressing mitigating circumstances. Nor
did we encounter a study that attempted a sensitivity analy-
sis (Cornfield et al., 1959) to check for the possible effect of
unmeasured covariates.

B. Analyses Resembling the Baldus Study

Perhaps the mostly highly praised empirical study in the
law (Committee on Racial and Gender Bias in the Justice Sys-
tem, 2001, collects favorable reviews) is the Baldus Charging
and Sentencing study. This study formed the backbone of
a claim, eventually rejected 5 to 4 in the Supreme Court
(McClesky v. Kemp, 481 U.S. 279, 1987), that despite proce-
dural reforms, race continued to play an unconstitutional role
in Georgia’s administration of the death penalty during the
late 1970s (Baldus, Woodworth, & Pulaski, 1990). The Bal-
dus study’s data set consists of a stratified, multistage sample
of cases in which Georgia defendants had been convicted of
murder or voluntary manslaughter. Thus, the sample frame
did not include cases in which a defendant was indicted for
murder but the prosecution was dropped, the defendant was
acquitted, or the defendant was convicted of (or pled to) a
lesser offense other than voluntary manslaughter (such as
reckless homicide or involuntary manslaughter, or attempted
murder). Files for cases in the sample were reviewed and a
rich set of variables recorded, so for the moment, we assume
that an ignorability assumption might be made plausible for
a study of some decider.

According to the Baldus study authors, “The primary
objective of the [study’s] discrimination analyses presented to
the court was to estimate racial disparities in death-sentencing
rates among defendants indicted for murder. Such disparities
would reflect the combined effect of all decisions made from
the point of indictment through the jury’s decision.” (Baldus
et al., 1990, pp. 313–314). To assess this claim in light of the
causal principles discussed in sections I to IV, we begin by
identifying primitives, assuming for the moment that we are
interested in race-of-the-victim effects. The unit is a homicide
victim; the treatment is the victim’s race as perceived by the
deciders, meaning several actors within the criminal justice
system, including the prosecutor, judge, defense team, and
any jury; and the outcome is whether the defendant receives
the death penalty (we ignore for the moment the issue of
multidefendant and multivictim cases). What is the timing of
treatment assignment? If randomization of perceived victim
race were possible, when would it occur?

Suppose interest focuses on assessing prosecutorial behav-
ior. Then, as discussed above, many variables a researcher
records from a homicide case file are determined after the
decider’s first perception of the victim’s or the defendant’s

race and are thus potentially influenced by the treatment,
requiring the researcher to pause before classifying such
variables as covariates. Particularly suspect are variables cod-
ing subjective judgments. Paternoster and Brame (2003), for
example, study prosecutor behavior with models that use as
a covariate whether a crime was “particularly gruesome” or
“unusually repulsive/horrific.” As Radelet and Pierce (1985)
note, so-called objective facts might be subject to manipula-
tion based on the race of the victim or the accused. We do
not suggest that researchers should never condition on any
variable the value of which is determined after the moment
of first perception. We do suggest, however, that subjective
evaluations are particularly suspect and that all posttreatment
variables require careful evaluation and thought before they
are used as covariates.

In our view, the Baldus study did not recognize this point.
By way of illustration, one of the predictors conditioned
on in the Baldus study’s 39-variable core logistic regres-
sion, discussed further below, was whether a coperpetrator
to the homicide received a lesser sentence. But whether
a coperpetrator receives a lesser sentence may depend on
whether this individual’s testimony contributed to an out-
come that the prosecution considers favorable, and thus this
variable is not just posttreatment but postoutcome, making
its characterization as a covariate questionable.

Identifying the primitives also highlights difficulties posed
by the fact that the Baldus data set was collected accord-
ing to (and limited by) the offense for which the defendant
was convicted (see Berk, Asuza, & Hickman, 2005). If the
goal is to draw causal inferences about the criminal jus-
tice process from the beginning of prosecutorial involvement
to the penalty phase, then the sampling frame should have
included all cases potentially chargeable as homicides in
which a prosecutor became involved, that is, all units subject
to randomization in a hypothetical experiment. The practice
of selecting cases for study on the basis of some disposition,
often a disposition by the decider under study, is common
in this area (in addition to papers cited above and below, see
Radelet and Pierce, 1985; Klein & Rolph, 1991; Baldus et al.,
1998; Weisburd & Naus, 2001; Baime, 2001). The data set
in Paternoster and Brame (2003) (reanalyzed by Berk et al.,
2005) comes the closest we could find to avoiding this prob-
lem, but again, the data were limited to cases that a research
panel found to be “death eligible.”

We are not the first to make the particular point regarding
selection of data by final adjudication (see Pierce & Radelet,
2002, and Radelet & Pierce, 1991), but our approach demon-
strates the inadequacy of the retorts most often made to this
point. Some defend selection by final adjudication as a way
to limit the study to cases that are “death eligible” (Unah &
Boger, 2001; Baldus et al., 2002; Weisburd & Naus, 2001),
but under the framework proposed here, death eligibility is
a choice made by a decider and thus is an outcome variable,
not a covariate to use for case selection. Others (Keil & Vito,
1995; Pierce & Radelet, 2002) may be attempting to avoid
the problem of selection on final adjudication by limiting
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the question of interest to the decision of whether to impose
death conditional on a conviction for a death-eligible offense.
The apparent thought is that to proceed in this manner, the
researcher needs only cases in which the defendant has been
convicted of a death-eligible offense, all of which may be
(and are, in the Baldus study) included in the data set. This
attempt founders when identification of the decider and the
timing of treatment assignment uncover the “censoring due
to death” issue discussed in section IV. In short, absent strong
assumptions, one cannot coherently study the causal effect of
race on the sentencing phase of capital trials without includ-
ing acquittals (and convictions for lesser included offenses)
in the data set and sampling frame.

A third retort is that tracking all homicides that reach,
say, the prosecutor’s office is not feasible (Pierce & Radelet,
2002). Assuming this to be the case, in our view, a less ambi-
tious causal project might be wise. For example, with jury
as the decider, the first step would be to gather a data set
that includes acquittals and convictions for lesser offenses
(indeed, any case that reached voir dire) and excludes cases
that did not reach the jury selection stage with a death-eligible
charge intact, such as cases in which a pretrial plea bargain
was reached in which the maximum charge was manslaugh-
ter or in which the case was heard by a judge. (Note that the
Baldus study data set used for the 39-variable core regres-
sion includes cases decided by plea bargain.) Costs to this
approach are discussed above, but the study of jury behavior
is worthwhile.

A final retort we have heard informally is that few cases
that are indicted for murder or that reach a jury result in an
acquittal or a conviction for an offense lesser than voluntary
manslaughter. Empirically we are uncertain that this claim
is true; Bortner and Hall (2002), for example, report that for
first-degree murder cases in Arizona, approximately 20% of
indicted cases and 14% of cases reaching trial fall into this
category. But even if the claim were true, the issue is that a
small number of cases can have a substantial influence in a
well-designed observational study, depending on where those
cases fall in the covariate space. Because in observational
studies randomization cannot balance covariates, a researcher
must typically achieve balance by using some method (say,
propensity scores) to isolate subsets of data in the treated and
control groups with similar covariate distributions. Rarely do
these subsets span the covariate space; in other words, com-
parisons are possible only for certain subsets of cases in which
the covariate distributions of treated and control units overlap
and not all observations are members of these subsets (Fien-
berg & Haviland, 2003). Thus, a critical issue in selecting
cases on their final adjudication is not how many acquittals
(or convictions for lesser offenses) there are, but where they
fall in the covariate space. When some cases selected by out-
come have zero probability of being sampled, a researcher
might have to rely on implausible assumptions regarding
either the covariate distributions of such cases or the cor-
rectness of a parametric model (or perhaps a classification

technique; see, Morton & Rolph, 2000) relating covariates to
outcome.

To illustrate concepts further, we obtained the Baldus study
data from ICPSR and replicated the point estimates of the
centerpiece model: the 39-variable weighted logistic regres-
sion that formed the primary basis for the empirical argument
in the McClesky case. A principal finding of the 39-variable
model was that the coefficient for race of the defendant had a
“perverse sign” (black defendants were less likely to receive
capital punishment), although this coefficient was not statis-
tically significant. (On the basis of this finding, one of us was
instructed in a first-year criminal law class that the race of
the defendant played no role in the trial court administration
of the death penalty.)

After dividing the data into four treatment groups
(black/white for victim/defendant), we examined how we
might have proceeded had the 39 predictors been true covari-
ates and had a well-defined causal question been answerable.
We observed the following results. First, no comparisons
involving white defendant, black victim cases were feasi-
ble, as there were too few such cases (27, with only two
death sentences). Thus, the two relevant studies were a study
of the effect of the victim’s race (white versus black, that
is, treated versus control) in black defendant cases, and a
study of the effect of the defendant’s race (black versus white,
treated versus control) in white victim cases. Second, 38 of
the Baldus study 39 predictors were binary, and the 39th
(number of prior felony sentences) was nearly so, with over
90% of units having values of 0 or 1. Third, there was a dif-
ference of several standard deviations (however estimated)
between the treated and control groups in the occurrence rates
of several covariates. For example, in the victim-race study,
the rates of homicides committed with armed robberies for
treated versus control were .31 to .07; the corresponding rates
for the involvement of a coperpetrator were .42 versus .12.
Regression adjustment in such situations can result in biased
estimates (Cochran, 1965; Cochran & Rubin, 1973). Mean-
while, other covariates had extremely low incidence rates (for
example, 2 out of 657 victims in the potential victim-race
study died by drowning).

These observations, and a desire to keep things simple, led
us to a categorical matching strategy (Rosenbaum & Rubin,
1985), and we focus here on the defendant race study (the one
using only white victim cases) as better illustrating concepts.
For each of the 139 treated (black defendant) cases, we identi-
fied its 39-variable predictor vector, then searched among the
382 control (white defendant) cases for one with an identical
39-variable vector. If we found one, we stopped the search
with respect to that treated unit. If we found no 39-variable
match, we searched for a 38-variable match, stopping if we
found one; if we found none, we looked for a 37-variable
match, and so on, until we had one or more best available
matches for each treated unit, where “best” was measured by
the number of identically valued variables. (If there was more
than one best available match, we averaged the correspond-
ing outcomes.) The results appear in table 1. If we accept a
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Table 1.—Categorical Matching Results for White Victim Cases, Treated (Black Defendant) versus Control (White Defendant)

Floor # Trt. Units Mtchd. % Trt. Dths. % Cntrl. Dths. #Unique Cntrl. Obs. Used Max Cntrl. Wt.

Exact 6 0 0 31 .5
38 29 17.2 10.3 61 3
37 58 24.1 15.9 90 4.8
36 93 30.1 25.1 120 5.8
35 123 34.1 27.3 137 6.8
34 137 35.0 28.9 146 6.8
33 139 36.0 29.2 146 7

“Floor” reports the number (out of 39) predictors exactly matched and thus measures the quality of the match between the treated (black defendant) and control (white defendant) cases. “# Trt. Units Mtchd.” denotes
how many cases pass the bar set by “Floor” to be included in an analysis data set. The “% Trt. Dths” and “% Cntrl. Dths.” columns detail the percentage of death sentences for each type, where “treated” represents
black defendant cases and “control” represents white defendant cases. The “# Unique Cntrl. Obs. Used” column shows how many different white defendant cases were involved in the matching process. The “Max.
Cntrl. Wt.” column shows the largest number of times a single white defendant case was used in matching. The fractional values are due to our use of averages when more than one match of acceptable quality was
available to a particular treated (black defendant) unit.

match on 37 of 39 predictors as good enough (see the bold
and italicized cells in table 1), a chi-squared test for a dif-
ference in means demonstrates that the disparity between a
24.1% death rate (for defendants perceived black) and 15.9%
death rate (for defendants perceived white) is not statistically
significant, but it is also not perverse. The disparity is about
1.1 standard deviations, and in contrast to the findings in
Baldus, Woodworth, & Pulaski (1990), the difference is in
the expected direction: black defendants were more likely to
receive the death penalty than white defendants. This sug-
gests that the perverse sign in Baldus et al.’s (1990) core
model logistic regression may have been due to the use of a
poorly fitting model, although all race-of-defendant results
may also have been due to random variation.

The results were sensitive to the hypothetical inclusion
in the sample frame of a small number of the “right” kind
of cases. For example, had the analysis data set included
three white defendant cases resulting in acquittals and hav-
ing covariate vectors closely matching black defendant cases
with an outcome of death, the essentially null result for the
race of the defendant study would have p < .05. Again,
acquittals were not included in the Baldus, Woodworth, &
Pulaski (1990) data set.

We have kept our discussion brief because there is no causal
question under the potential outcomes framework answerable
with datasets such as are available from the Baldus study. Our
suggestion that we did not find an existing data set suited
to answer well-posed causal questions concerning the effect
of race in capital punishment under the potential outcomes
framework does not imply that we think the substantive con-
clusions reached in the studies are necessarily wrong or that
no inquiries can be answered by these data. Other questions,
including descriptive inquiries or questions focusing on asso-
ciations or conditional associations, can be addressed, and
consumers of quantitative legal analysis might view such
answers as evidence regarding the role of race in the capi-
tal punishment system. We do not engage such issues. Our
focus here is on causal inference.

VII. Limitations

A shift in focus from “true” immutable characteristics to
perceptions does not mean that any and all inquiries into the

effect of race, sex, and so on are well defined, even those
involving some aspect of randomization. Several limits are
particularly important. First, if treatments are perceptions,
then someone must be perceiving something. For this reason,
studies that attempt causal inference of the effect of charac-
teristics of deciders themselves, as opposed to the deciders’
perceptions, are asking questions we find difficult to define,
at least at present, without further theoretical development of
a causal inference framework.

For example, several studies, reviewed in Boyd, Epstein,
and Martin (2010), appear to suggest that randomization of
judges to cases allows randomization-based inference with
respect to the causal effects of judges’ sex on judicial deci-
sions. At least currently, we are less certain. The potential
outcomes in this literature appear to be case outcomes result-
ing from assigning a male or a female judge to a case. If
researchers are truly interested in the effect of sex on judging,
the potential outcomes should be case decisions (or votes) by
a particular judge had that judge been male versus female.
In other words, what these sex-in-judging studies may really
be studying is the effect of assigning a judge from group A,
all of whom happen to be female, versus assigning a judge
from group B, all of whom happen to be male. Such a design
might allow inferences as to the effect of the group A versus
B assignment, but is this a “sex” effect? True, groups A and
B differ in their sex distributions, but they likely also dif-
fer in many ways: distributions of judicial ideology, political
party, and number of years spent as prosecutors, for example.
Should researchers attempt to adjust for these differences by
matching or some other balancing technique? Presumptively
such balancing should be attempted only if these variables
are pretreatment: when was sex assigned to each judge? For a
male judge, would being born female have made it more likely
that this judge would have been of a different political party
or judicial ideology, or even been a judge at all? Meanwhile,
if such balancing is necessary, what was the role or relevance
of the randomization of judges to cases? Lacking a perception
to consider as a treatment, with the corresponding presump-
tive timing of treatment assignment, it does not appear that
this sort of study is asking a causal question with respect to
sex. It would appear, rather, that sex-in-judging studies fol-
lowing this design are describing differences without a causal
inquiry.
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A second limit of our perspective is that the decider must be
relatively discrete and of manageable size. In this paper, we
have used firms or actors within the trial-level criminal jus-
tice system as deciders. The relatively discrete nature of these
entities has allowed both sharp articulation of a counterfac-
tual outcome and clear identification of a timing of treatment
assignment. In contrast, for example, rigorous causal infer-
ence of the effect of race on wages in the U.S. economy
(Black et al., 2006) remains a poorly defined task without
implausible assumptions or further theoretical development
of a causal inference framework. The decider whose behav-
ior is to be investigated appears to be the set of all employers
in the United States, a large, multifaceted, and diffuse group.
What does the counterfactual look like? Is SUTVA plausi-
ble? Is treatment assigned at the moment any potential U.S.
employer first perceives a unit’s race?
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