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Choice as an Alternative to Control in
Observational Studies

Paul R. Rosenbaum

Abstract. In a randomized experiment, the investigator creates a clear
and relatively unambiguous comparison of treatment groups by exerting
tight control over the assignment of treatments to experimental subjects,
ensuring that comparable subjects receive alternative treatments. In an
observational study, the investigator lacks control of treatment assign-
ments and must seek a clear comparison in other ways. Care in the choice
of circumstances in which the study is conducted can greatly influence
the quality of the evidence about treatment effects. This is illustrated in
detail using three observational studies that use choice effectively, one
each from economics, clinical psychology and epidemiology. Other studies
are discussed more briefly to illustrate specific points. The design choices
include (i) the choice of research hypothesis, (ii) the choice of treated and
control groups, (iii) the explicit use of competing theories, rather than
merely null and alternative hypotheses, (iv) the use of internal replica-
tion in the form of multiple manipulations of a single dose of treatment,
(v) the use of undelivered doses in control groups, (vi) design choices to
minimize the need for stability analyses, (vii) the duration of treatment
and (viii) the use of natural blocks.
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1. INTRODUCTION AND SOME
GROUND RULES

1.1 Active Observation: Control and Choice

Many observational studies do not succeed in pro-
viding tangible, enduring and convincing evidence
about the effects caused by treatments, and those
that do succeed often exhibit great care in their de-
sign. Particularly at the early stages of design, this
care consists of choices that determine the circum-
stances of the study and the data to be collected.
A convincing observational study is the result of
active observation, an active search for those rare
circumstances in which tangible evidence may be
obtained to distinguish treatment effects from the
most plausible biases. In an experiment, treatment
effects are seen clearly because the environment is
tightly controlled, whereas in a compelling observa-
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tional study, control is, to a large extent, replaced by
choice—the environment is carefully chosen. Stud-
ies of samples that are representative of popula-
tions may be quite useful in describing those popula-
tions, but may be ill suited to inferences about treat-
ment effects. For instance, describing early work in
public program evaluation, Donald Campbell (1988,
page 324) wrote:

There was gross overvaluing of, and fi-
nancial investment in, external validity,
in the sense of representative samples
at the nationwide level. In contrast, the
physical sciences are so provincial that
they have established major discoveries
like the hydrolysis of water... by a sin-
gle water sample.

Passive observation of a natural population fol-
lowed by regression analysis is often unsuccessful
as an approach to inference about treatment effects;
see, in particular, Box (1966) and Freedman (1997).
A recent report of the National Academy of Sciences
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(Meyer and Fienberg, 1992, page 106) concerning
evaluation studies of bilingual education makes a
similar point:

In comparative studies, comparability of
students in different programs is more
important than having students who are
representative of the nation as a whole.
Elaborate analytic methods will not sal-
vage poor design or implementation of a
study.

Here, several principles are discussed which guide
the choices made in the early planning and design
of an observational study. The principles are illus-
trated using three observational studies that use
choice effectively, one each from economics, clinical
psychology and epidemiology. The studies are briefly
described in Section 2 and the principles in Sec-
tion 3. In Section 4, certain issues are restated in
formal terms. Section 1.2 mentions certain ground
rules in discussions of the quality of evidence.

1.2 The Quality of Evidence: Some Ground Rules

Most empirical disciplines make use of some form
of mathematical reasoning. To discuss the quality of
evidence provided by an empirical study one must
first recognize that evidence is not proof, can never
be proof, and is in no way inferior to proof. It is
never reasonable to object that an empirical study
has failed to prove its conclusions, though it may be
reasonable, perhaps necessary, to raise doubts about
the quality of its evidence. As expressed by Sir Karl
Popper (1968, page 50): “If you insist on strict proof
(or strict disproof) in the empirical sciences, you will
never benefit from experience, and never learn from
it how wrong you are.”

One expects that a proof will be correct and that
evidence will be candidly presented, despite oc-
casional disappointments. One is often concerned
about the relevance of a proof and the quality of
evidence. If it is proved that a certain bridge can
withstand certain forces, and yet the bridge col-
lapses, it is not the correctness but the relevance of
the proof that is likely to be called into question.

The distinction between the mathematical cor-
rectness and the relevance of a proof is familiar
in most empirical sciences that use mathematical
methods, for instance, economics, where Samuel-
son in a technical treatise (Samuelson, 1947), The
Foundations of Economic Analysis, wrote:

[Olur theory is meaningless in the op-
erational sense unless it does imply
some restrictions upon empirically ob-
servable quantities, by which it could

conceivably be refuted [page 7]. ......By
a meaningful theorem I mean simply a
hypothesis about empirical data which
could be refuted, if only under ideal con-
ditions. A meaningful theorem may be
false [page 4].

Evidence may refute a theorem, not the theorem’s
logic, but its relevance. A related point is made by
Quine (1951).

Evidence, unlike proof, is both a matter of de-
gree and multifaceted. Useful evidence may resolve
or shed light on certain issues while leaving other
equally important issues entirely unresolved. This
is but one of many ways that evidence differs from
proof.

Evidence, even extensive evidence, does not com-
pel belief. Rather than being forced to a conclusion
by evidence, a scientist is responsible and answer-
able for conclusions reached in light of evidence, re-
sponsible to his conscience and answerable to the
community of scientists. Of this, Michael Polanyi
(1964) writes:

[Olur decision what to accept as firmly
established cannot be wholly derived
from any explicit rules but must be
taken in the light of our own personal
judgment of the evidence.

Nor am I saying that there are no rules
to guide verification, but only that there
are none which can be relied on in the
last resort. ...

We may conclude that just as there is
no proof of a proposition in natural sci-
ence which cannot conceivably turn out
to be incomplete, so also there is no refu-
tation which cannot conceivably turn
out to have been unfounded. There is a
residue of personal judgment required
in deciding—as the scientist eventually
must—what weight to attach to any
particular set of evidence in regard to
the validity of a particular proposition
[pages 30-31].

The scientist takes complete respon-
sibility for every one of these actions
[page 40] ... for the process as a whole—
he will assume full responsibility before
his own conscience [page 46].

Evidence may be convincing beyond reasonable
doubt; yet being convinced or remaining skeptical
is a judgment for which a scientist is responsible.
The desire to be compelled rather than convinced
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by evidence is the desire to evade responsibility for
judging the evidence.

Aesthetics matter in proof, but also in evidence.
A beautiful proof is simple, illuminating its conclu-
sion and rendering it obvious. The same aesthetic
applies to evidence. In both cases, the simple and
the obvious are the product of care, effort and skill.

2. THREE OBSERVATIONAL STUDIES

2.1 Basis for Selecting These Studies, and a
Limited Warranty

The following several issues guided the choice of
studies.

(i) The studies employ choice in their de-
sign in an instructive manner which meaningfully
strengthens the evidence, but of course does not
prove, that the treatment caused its ostensible
effects.

(ii) They come from three fields, economics, clini-
cal psychology and epidemiology, that conduct many
observational studies.

(iii) The treatments and outcomes under investi-
gation in these studies are immediately intelligible
and interesting to individuals outside these three
particular fields.

A limited warranty and a few caveats are in order.
In selecting these studies, I am not asserting that
they have reached true conclusions about the effects
of the treatments they study. Such an assertion is
never warranted based on the results of a single ob-
servational study. Indeed, the economics example is
currently the focus of fierce debate—that is part of
the charm of this particular example. I am asserting
simply that, in these studies, certain choices in de-
sign led to stronger evidence than would have been
available under other circumstances, and that the
same principles may be applied in other studies.

The studies have various implications for public
policy, but it is their methodologies, specifically their
use of choice in design, and not their policy impli-
cations that are under examination. This deserves
emphasis, for it is easily misunderstood. Commonly,
when evidence from varied studies is weighed, the
goal is to examine the conclusions of those studies.
That common goal is not the goal here. Although
studies of the minimum wage, bereavement and oc-
cupational hazards will be discussed, no conclusions
are reached about these subjects. This paper con-
cerns the relationship between choices in research de-
sign and the quality of the resulting evidence about
effects caused by treatments.

The discussion here of these studies is based on
their published reports, so issues of data quality

are not explored. Inspection of the data file for the
minimum wage study hints that interviewers and
respondents may, on occasion, have misunderstood
one another, as happens in many if not all surveys.
Issues of this sort may or may not be relevant to the
conclusions of the three studies, but they are not rel-
evant to the methodological issues under discussion
here. Section 4.3 briefly discusses some reanalysis
of data from two of the studies, comparing their sen-
sitivity to hidden bias.

These three studies are useful for teaching about
observational studies, where issues not addressed
in this paper would also be discussed. In particular,
adjustments for overt biases and sensitivity anal-
yses for hidden biases are mentioned only briefly
in Section 4.3 of the current paper, because these
methods are discussed in detail elsewhere; how-
ever, the three studies can also be used to illustrate
these techniques, which are central to the later,
analytical parts of an observational study. Two
of the studies are matched, and two use regres-
sion adjustments. The original published account of
the epidemiology example includes its small data
set together with a nonparametric analysis. The
data for the larger economics example is publicly
available electronically by FTP, or File Transfer
Protocol; see Card and Krueger (1995, page 18). A
sensitivity analysis for the epidemiology example
is given in Rosenbaum (1993; see also 1995, Sec-
tion 4) and requires only elementary calculations. A
related analysis is given in Rosenbaum (1991). Par-
allel sensitivity analyses for both the epidemiology
and economics examples are given in Rosenbaum
(1999a); these are briefly discussed in Section 4.3
below. For various methods of sensitivity analysis,
see Angrist, Imbens and Rubin (1996), Copas and
Li (1997), Cornfield et al. (1959), Gastwirth (1992),
Gastwirth, Krieger and Rosenbaum (1998), Green-
house (1982), Manski (1990,1995), Marcus (1997),
Rosenbaum and Rubin (1983b) and Rosenbaum
(1986; 1987a; 1995a, Section 4; 1999a, b).

2.2 The Economics Example: The Effects of
Increasing the Minimum Wage

The most familiar of all arguments of eco-
nomic analysis are those of comparative statics,
as discussed, for example, in the early chapters of
Samuelson’s (1947) Foundations of Economic Anal-
ysis. Often motivated with the aid of diagrams in
elementary economics courses, such an argument
pictures the world as determined by an equilibrium
of forces, and it describes how that equilibrium
changes as the forces are changed. Arguments of
this form (cf. “Illustrative Market Case” in Samuel-
son, 1947, page 17) suggest that increasing the



