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Does an observation constitute stronger evidence for a

theory if it was made after rather than before the theory was

formulated, when it may have influenced the theory's
construction? Philosophers have discussed this question (of
"novel confirmation") but have lacked a formal model of
scientific research and incentives. The question applies to all
types of research. One example in economics involves evaluating
models constructed on the basis of VARs (where a researcher looks
at evidence and then constructs a theory) versus structural
models with formal econometric tests (where a model is
constructed before some of the evidence on it is obtained).

This paper develops a simple model of scientific research.
It discusses the issues that affect the answer to this question
of the timing and theory-construction and observation or
experimentation. We also address issues of social versus private
incentives in the choice of research strategies, and of socially
optimal rewards for researchers in the presence of information

and incentive constraints.
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Suppose that you pick up the latest issue of the American Economic Review
or the New England Journal of Nedicine and find an article vith three
sections. The first section presents a theory that is consistent with some
well-known facts. The second section presents an entirely new observation,
discovered by the author of the article, that is also consistent with the
theory. In the third section the author argues comvincingly that he vas not
avare of the new observation at the time when he constructed his theory.
Should the third section contribute to the degree of belief that you attach
to the theory? Does an observation constitute stronger evidence for a theory
if it vas made after the theory was proposed rather than earlier, when it may
have influenced the theory's formation?!

To put the issue another way: When a researcher has a body of data at his
disposal, he can follow either of two research strategies. The first is to
examine only a portion of the data before formulating a theory, and then use
the remainder of the data to test the theory. The second is to examine all
of the data and then comstruct a theory that fits. We refer to these as the
utheorize first" strategy and the "look first" strategy. For example, some
researchers in macroeconomics estimate vector autoregressions and then
determine which prevailing theories are and are not comsistent with their

findings. Others prefer to develop a vstructural" model and then test it.

IMusgrave (1974, 1978) poses the question in the following way. Suppose that
two theoriests, A and B, devise identical hypotheses. A's hypothesis is
constructed so as to account for known facts o and Y vhile B's

hypothesis—oving to his unfamiliarity vith recent results—is devised to
account for e, alona. Does e, then lend corroborative support to the

hypothesis as proposed by B, but not as proposed by A? Less realistically,
suppose that the sinister researcher C, out of vhatever personal motivation,
begins a campaign to end the careers of A and B. Is it possible that he can
succeed merely by anomymously mailing to his rivals observations detailing
hitherto unknown facts, thus effectively silemcing them? Can researchers be
made vorse off as their background knowledge grows?




We think of the first type as "looking first" and the second type as
"theorizing first". More generally, given a set of data to be explained and
lists of exogenous and endogenous variables, a researcher could either
estimate a reduced form before selecting among those theories that are
consistent with it, or alternatively he could first propose an (identified)
theory and then test it on the reduced form. Under what circumstances, and
in vhat sense, does it matter which strategy the researcher pursues? How
should society structure rewards to scientists to induce them to choose the
right strategies?

In the literature of the philosophy of science, there has been a
considerable debate on the subject of “novel confirmation". Novel evidence
for a theory is evidence that is obtained afier the theory is proposed. In a

survey of this literature, Campbell and Vinci (1983) write that

Philosophers of science generally agree that when observational
evidence supports a theory, the confirmation is much stronger
when the evidence is 'movel'.

Nevertheless,

The notion of movel confirmation is beset by a theoretical
puzzle about how the degree of confirmation can change without
any change in the evidence, hypothesis, or auxiliary
assumptions....There have not yet appeared any obviously
satisfactory solutions to these problems.

Moreover, while it has been suggested that economics has a role to play in
this analysis (see for example Nickles, 1985), the tools of economics have
not previously been brought to bear on the matter.

Much of the philosophical literature relies on various forms of Bayesian
analysis. For example, given a hypothesis H, evidence e, and background
information b, one Bayesian measure of the support that e lends to H is

Degree of support = P(H|e & b) ~ P(H|b).



Other authors (e.g. Howson (1984)) have proposed alternative Bayesian
measures of the degree of support. One problem vith these debates is that
the definition of degree of support appears arbitrary. What basis can there
be for preferring one definition to another?

It is our position that this question camnot be satisfactorily addressed
in the absence of an explicit model of the process by vhich theories are
generated.2? Qur section 1 provides such a model. When scientists have access
to private information, ve also require an explicit model of the process by
which scientists select their research strategies. The reason for this is
that the choice of research strategy can reveal some of the scientist's
private information. In the simple models of Sections 1 and 2, we take the
research strategies to be determined exogenously. In later sections, we
assume more realistically that scientists respond to an existing incentive
structure. With these preliminaries in place, we return to the question of
how to choose a definition for the degree of support. QOur solution
(beginning in Section 3) is to examine a well-defined social planning problem
and ask what information would be useful to the plamner. This, of course, is

simply the standard economic approach to such a problem.

1. A Simple Model
Science progresses through a sequence of theories and observations. We

present in this section a very simple model that allows us to address the

2In a recent paper titled "The 'Economic' Approach to the Philosophy of
Science", Gerard Radnitzky (1987) attempted to demonstrate the potential
gains from applying cost-benefit analysis to rational theory-preference.
Radnitzky notes that researchers' private goals (e.g. "an increase in ones'
reputation") may differ from those of a benevolent social planner, but he
ignores this distinction in bis analysis. In our model, the distinction
leads to incentive—compatibility comstraints.




issues of interest even though it abstracts from many features of real-world
science. We make the following assumptions in this simple model. A theory
is a set of statements that predicts that under certain circumstances,
certain events vill occur. We call a theory true if its predictions are
alvays accurate.? We assume that a single researcher works on a problem, and
that the researcher has time to do exactly two things: make one new
observation and construct one new theory.* The observation can be thought of
as the result of an experiment. For now, we abstract from the choice among
experiments and take the experiment performed as exogemous. In Section 3 we
will show how to relax this assumption. Experiments that have been performed
in the past, and theories that have been constructed in the past, guide the
researcher in ways to be discussed below.

We assume that theories can be divided into four mutually exclusive sets,
each with infinitely many elements. Theories of type D are inconsistent with
previous observations. Theories of type C are consistent with previous
observations but inconsistent with the nev observation to be made. Theories
of types A and B are consistent with all the old observatioms and with the
nev observations to be made. However, theories of type A are true and

theories type B are not.5

3We abstract from several things here. Instead of truth, we could speak about
usefulness, or degrees of usefulness, so that one theory is more useful than
another if its predictions have a higher probability of being accurate, or
are closer to being accurate in some appropriate sense. Alternatively, a
theory could predict not an event but a probability distribution over events.

4More generally, ve could assume that he has a certain amount of time
available for various activities, and chooses how much time to devote to
research. He may then choose various amounts of time to allocate to making
observations and to comstructing theories, and he might devote all his time
to only one of these tasks. (Qur assumptions are made solely in the interest
of simplifying the problem.

5We make the simplifying assumption that the only true theories are those
consistent with all the observations. This involves two simplifications.



This categorization of theories can be illustrated by considering the
identification problem in econometrics. Suppose a government is considering
some kind of policy change. Prior to any new data analysis there is enough
information to rule out some models' implications. These are the type D
models. Given the available data, reduced form estimation can rule out some
other models (type C), but cannot distinguish between some others (A and B).
However, once a theory is selected (and perhaps used as a guide to policy),
subsequent events will make it possible to distinguish type A models from
type B.

We vant to emphasize that it is in no way our intention to take a position
on the philosophical nature of "truth". We simply define a true theory, for
the purposes of this paper, to be one whose predictions are alvays accurate.
Some readers will object that by this definition, no real-world theory is
ever true. Again, what we really have in mind is a notion of usefulness.

Researchers comstruct theories in a way that involves some fundamental
randomness. We assume that theory—construction is analogous to draving balls
from an urn, with the balls representing the possible theories. (Observations
made in the past and theories conmstructed in the past affect the number of
balls of each type in the urn.

One immediate issue is whether a researcher can "build in" previous

observations vhen he constructs a theory. In other words, will a researcher

First, some theories may be useful even though they are inconsistent with
facts. Theories of hov to build a bridge, for example, may be based on
Newtonian mechanics even though Newtonian mechanics is inconsistent with some
facts. We abstract from this possibility in our simple model, though the
model could easily be modified to incorporate it. Second, some observations
may involve errors (perhaps of interpretation): experiments can involve
mistakes, and statistical work can be subject to important sampling error.

We abstract from that possibility in this section but we discuss this issue
in section 2.2.




ever construct a type D theory? We will assume that researchers can build in
previous observatiens vhen they construct theories.$’’” Then we can assume that
there are no type D balls in the urn, i.e. the probability that the

researcher will construct a type D theory is zero. (The Appendix discusses
the other case in which researchers cannot build in previous observations

when they construct theories.)

Let p, q, and 1-p—q be the probabilities that a researcher constructs a
theory of type A, B, or C. Generally, the sizes of p and q depend on the
results of past observations and past theorizing as well as the quality of
the researcher and the difficulty of the problem.

We consider two research strategies, theorize—first and look—first. 1In
this section ve regard the research strategy as exogenous; ve examine the
optimal choice of research strategy in sections 3 and 4. Suppose a
fesearcher theorizes first — he constructs a new theory, then performs an

experiment (or makes a non—experimental observation).8 The researcher's

SAn alternative interpretation of this assumption might be that a researcher
can keep constructing theories until he comes up with one that is consistent
with previous observations. That is, he can costlessly discard a type D
theory and choose another one. This is not the interpretation that we
pursue.

7We also ignore incentive problems, assuming that researchers do in fact
choose to build in previous observations. Such incentive problems are
explicitly addressed in later sections of the paper.

8We have not modeled the process by which an investigator chooses experiments.
The probabilities of the various outcomes of this process (i.e. p, q, etc.)
are simply taken as primitive. Nonetheless these probabilities can be given
richer interpretations. Rather than treating the experiment or data as
given, we can assume that there are many possible experiments. Each
experiment can be associated with probabilities of outcomes. We assume that
no experiment can refute a true theory, but experiments do not necessarily
reject a false theory.

For a researcher who theorizes first, let F(#) be the distribution
function over theories, and let pk(a) be the probability that experiment k

rejects theory 6. If theory 6 is true (f ¢ A), then p, (/) = 0 Vk by assumption.
Hence p is still just the probability the researcher chooses a true theory,



theory is true with probability p. The theory is consistent with the new
observation if and only if it is type A or type B, which occurs with
probability p+q. So the probability that the theory is true conditional on
its being consistent with the new observation is p/(p+q).

Suppose alternatively that a researcher looks fjrst — he makes the new
observation and then constructs a new theory to be consistent with it.
Because he can build all observations into his theory and he seeks a true
theory, all balls marked C are removed from the urn prior to his drawing. So
the conditional and unconditional probabilities that his theory is type A are
both p/(p+q).

Our first result, then is a nesiralify resul?. In this model, the
probability that a new theory is true, conditional on iis being consistent with
6!l the (old and new) observations, is independent of the research siralegy.

This result should not be surprising: There is nothing in classical

i.e. jg(AdF(H). If 6 is not true, then pk(ﬁ) is equal either to zero or one
depending on #. (More generally pk(a) could be anywhere in the {0,1]

interval, but this would complicate the analysis under looking first). We
assume that some process (that ve do not model) leads the researcher to adopt
experiment k with probability m independent of # (in Section 4 we will relax

this assumption). Then q = (l—p)JogA L 7, [1-p, ()1dF(H) . Thus vhether a
k
particular theory ends up as type B or type C may depend on the experiment
chosen to test it. Later when ve let p and q differ across researchers this
gives us the interpretation that researchers differ in the ability both to
choose correct theories and to choose informative experiments.
For a researcher who looks first, the interpretation in this framework is

that the researcher first chooses an experiment (according to the
distribution wk). The experiment points the way toward a particular set of

possible theories. Let Qk - {0|pk = 1}. The researcher chooses one theory
out of this restricted set according to the distribution Fk(ﬂ) =
F(0)/JQ dr(®, 4 ¢ Qk, zero otherwise. Hence the probability that the

k

researcher who looks first comes up vith a true theory is p/(p+q) =
L 7S gendFi (O
X €




statistical inference that allows the timing of observation relative to the
formation of a hypothesis to matter. The data themselves are a sufficient

statistic.
2. Modifications of the Simple Model

2.1. Private Informatiop about Researchers' eristics

We nov modify the model in a way that makes the research strategy matter.
Assume there are two types of researchers, type i and type j. Only the
researcher knows his type, but everyone knows that the population of
researchers consists of a proportion i who are type i and j = 1-i who are
type j. Researchers differ only in their probabilities, given by the

following table.

Theory Type Type i researcher Type j researcher

A P T
B q 5
c 1-p—q 1-r-s

We make the following assumptions throughout the paper:

p+t+q>r+s 2.1

p/(p+q) > r/(r+s) (2.2)

Condition (2.1) says that if a researcher theorizes first, he is more likely
to construct a a theory that is consistent with the new observation if he is
type i. Condition (2.2) says that if a researcher looks first, he is more

likely to comstruct a true theory if he is type i.



Suppose now that a given researcher looks first and then comstructs a
theory consistent with the observations. If he is type i, he constructs a
theory of type A with probability p/(p+q), and if he is type j, he selects a
theory of type A with probability r/(r+s). Someone who does not know the

researcher's ability calculates that the theory is true with probability

= i . P S 3
¥ 1559 A (2.3

Suppose alternatively that the researcher theorjzes first and produces a
theory that survives testing, that is, it turns out to be consistent with the
nev observation. The fact that the theory survives testing conveys
information about the researcher's type. The updated probability that he is
type 1 is

(2.4)

it= i -

pPtq
i-{p+q+3(r+5s)

Let j' = 1 - i' be the updated probability that the researcher is type j.
Condition (2.1) implies that i' > i. The probability that the newv theory is

true is

7' =i (2.5)

._P__+j'. .
p+q r+s
Since i' > i, condition (2.2) guarantees that 7' > 7. This expression is
greater than the expression (2.3) for probability of truth under the

look—first regime. Thus the neutrality result of Section 1 is overturned and

we have:
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Assume that the researcher's characteristics are wnknown, and that his
theory is consistent with the new observation. Then the probabilily thatl the
theory is true, conditioned on itls being consistent with all ihe observations,
is greater if il was produced under @ "theorize—first” strategy than if it was

produced under a "look—~first” strategy.

2.2. Alternative Interpretations and Discussion

The model of Section 2.1 allows alternative interpretations, some of

which we pursue here.

2.2.1. Sampling Error

Suppose that there is only one type of researcher, who sometimes

interprets his experiment incorrectly or whose experimental results are
tainted by sampling error. Hith-probability 1-i, he misreads the
experimental conclusion, and so mistakenly believes that his experiment is
consistent with theories of type C but inconsistent with theories of types A
and B.

We want to admit the possibility that a misread experiment is compatible
with some kinds of type C theories but not others. Therefore, we subdivide
the class of type C theories into subclasses cl""’CN vhere N is large. For
concreteness, assume that a researcher who constructs a type C theory is
equally likely to choose any of the types Ci""'cN' We assume also that
there are N different ways to misinterpret the experiment, the nth
misinterpretation being consistent only with theories of type Cy- Each

misinterpretation is assumed to be equally likely, so that any given

misinterpretation occurs with probability (1-p—q)/N.
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Suppose that a researcher theorizes first. We compute the probablity
that his experiment appears to support his theory. With probability i(p+q),
the researcher constructs a theory of type A or B and correctly interprets
his experiment as confirming the theory. With probability (1—i)(1-p—q)/N2,
the researcher constructs a theory of type Cn and misinterprets his
experiment so as to support the theory. Thus the probability that the theory

and the experiment appear compatible is

Sprgy + 0 U U L gy UmD U 2.6)
N N

Therefore, if after theorizing first a researcher's observation and theory

agree, the updated probability that he is type i is

- i(p+q)
li{prq + (-1) (Ipg)/N] (2.7

i

The probability that the nev theory is true is i'p/(p+q). When N is large,
i' is close to one. This is because it is very unlikely that a researcher
vho theorized first would comstruct am incorrect theory and misinterpret his
experiment in just the right way as to lend his theory support. So if a
researcher theorizes first and his experiment is consistent with his theory,
the updated probability that he interpreted the experiment correctly, i,
exceeds the original probability, i. This raises the probability that his

theory is true from

15%57 (2.8)
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before knowing the outcome of the experiment to

Z%%)‘ 2.9

after observing the consistency of the experiment with the theory.

Now suppose a researcher looks first. Then the probability that his
theory is true is ip/(p+q). Simce i' exceeds i (which is less than one) for
large N, we find that the possibility of experimental or sampling error
implies the following result: Conditional on ils comsistency with all the
observations, & theory constructed under a theorize-first strategy ts more
likely to be true than one constructed under a look—first strategy.

That is, even when all scientists are alike, the possibility of sampling
error overturns the neutrality result of section 1.

The italicized result does depend on specific assumptions about the
probabilities: We assumed that the theory types Cn are all equally likely
and that the various experimental misinterpretations are all equally likely.
The same result could be obtained under much more gemeral assumptions. It is
possible, however, to specify the probabilities in such a way that the
agreement between theory and experiment is strong evidence that the
experiment vas misinterpreted. In such an example, a theorize—first theory
that is supported by evidence is actually less likely to be true than a

look-first theory supported by the same evidence.?

9This sometimes appears to be the case in ecomomics: If evidence supports a
theory, this fact alone makes economists suspicious of the evidence or its
interpretation.
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2.2.2. Mor azard elated Issues

We can interpret a type i researcher as one vho has exerted additional
offort, at some cost to himself, to develop intuition into the phenomenon he
is investigating. (This contrasts vith the interpretation of section 2.1,
where researchers are endowed with the given abilities.) If the effort is
unobserved by the reader, then equations (2.3) and (2.5) apply.

Under this interpretatiocn, as well as those of Sections 2.1 and 2.2.1.,
the differencé betveen expressions (2.3) and (2.5) measures the extent to
vhich the reader should discount evidence that vas examined by the researcher
prior to theorizing.l® This "pretest discount" depends on the parameters i, P,
q, r, and s, vhich describe the scientific community as a vhole.

So far, we have assumed that researchers honestly report all of their
work. Suppose instead that there are several experiments from which
researchers can costlessly and randomly choose, and that researchers do not
always report all of the experiments they performed. In the context of the
model of section 2.1, think of a single type of researcher and an experiment
that is subject to sampling error or other error, as discussed above. A
researcher vho theorizes first might continue experimenting until he obtains
a result consistent with his theory, and report only this result. It is
interesting to note that if a researcher vho theorizes first follows this
practice of repeating the experiment until it yields results consistent with

his theory, and if he reports only this result, then the research strategy

10The only treatment of a related problem that we have found is in Leamer
(1976, Chapter 9), who addresses the different question of vhether research
strategies affect the researcher's posterior probability distribution because
they reflect his prior distribution.
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yields no information to the reader: the neutrality result from section 1 is

obtained.

2.2.3. Nom—empirical Criterja for Judging Theories

The modéls discussed above do not deal explicitly with theoretical
criteria for evaluating theories., It is easy to reinterpret the model to
allow for this by reinterpreting the observation in the models of section 1
as an "a priori criterion." One can think of this criterion as indicating
whether a theory is consistent with other theories in the discipline. A
researcher who looks first builds this consistency into his theory; onme who

theorizes first checks for this consistency aftervards.

3. A Social Planner's Problem

Until now, we have treated the choice of research strategy as exogenous.
As a first step towards endogenizing the decision, we consider the problem of
a social planner who seeks to maximize social surplus and who can mandate
research strategies. In subsequent sections, the planner will set rewards
for researchers, and the researchers theméelves vill choose their strategies.

Suppose the sociai planner would like to build a bridge. He asks his
researchers to produce a theory of bridge building to guide the comstruction.
If the bridge stands, then the planner receives utility G > 0. If it
collapses, he receives utility L < 0. If he elects not to build the bridge
at all, he receives zero utility. A true theory tells how to build a bridge
that will stand. We return to the model of Section 2.1, with type i and j
researchers and private information about type. We ask which research

strategy the planner should command the researchers to use.
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The advantage of "theorize first" is that any nonrejected theory it
produces has an enhanced probability of truth. The disadvantage is that it
might produce a theory that is rejected by the new observation, and is
therefore useless. If many researchers vork independently on the same
problem, the chance that everyone will produce a rejected theory is very
small. We will shov that "theorize first" is the optimal strategy when there
are many independent researchers, but not necessarily when there are few
researchers.

Assume that researchers look first. Every researcher picks independently
a theory consistent with all of the observations, and the planner selects one
of those theories at random. The theory is true with probability 7 as
defined in equation (2.3), and the expected utility to the planner if he

builds a bridge using this theory is

76+ 3 -mL. 3.1

The planner builds the bridge if and only if this expected utility is

positive. So when researchers look first, the planner's expected utility is

Max(y G+ 1 -7 L, 0. 3.2

This result is independent of the number of researchers.

Novw suppose the planner tells researchers to theorize first. Each
researcher selects a theory, then tests it against the new observation. The
social planner chooses randomly among those theories (if any) that survive

testing. There are two extreme cases, (a) one researcher, and 4}
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sufficiently many researchers to virtually guarantee that at least one theory
survives testing.

With many researchers, any of the surviving theories is true with
probability 7' as defined in equation (2.5). The expected utility from using

this theory is

Max{y' G+ (1 =y L, 0). (3.3

The expression (3.3) exceeds (or equals) (3.2) because 7' > 7, s0 the
planner prefers that all researchers theorize first. So when there are many
researchers vith unobservable characteristics and a single research project,
they should all theorize first.

The case of a single researcher is quite different. When a single
researcher of unknown characteristics looks first, the planner's expected
utility is given by (3.2). If he theorizes first, there are two

possibilities. With probability

il-p-qQ+jU=-r-2s

bis theory is rejected and no bridge is built. With probability

i(p+q +j(r+8)

his theory is not rejected and so has probability 7' of being true. So the

planner‘s expected utility is

(i (p+q +j(r+s)] Max{y' G+ (1-1")YL, 0}, (3.4)
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vhich can be either greater or less than (3.2). So either strategy might be
preferred.
Keynes called theories "induction" and observations "cases;" he wrote in

his Treatise on Probability:

If all our inductions had to be thought before ve examined
the cases tc which we apply them, ve should, doubtless, make
fever inductions; but there is no reason to think that the
fov ve should make would be any better than the many from
vhich we should be precluded.

The idea that non-novel evidence offers zero support for a hypothesis, as
Nickles (1985) notes, renders efficiency decisions quite complex. "For
scientists must nov balance efficient testing against efficient generation.

And will this loss of generational efficiency-—a problem that has alwvays
plagued Popper's view of science—be offset by gains at the testing and ~
justification stage?" This is the tradeoff at issue in comparing (3.2) and
(3.4). Experiments with parameter values indicate that there is no simple
characterization of when one strategy or the other is superior. Note,
however, that vhen i is either 0 or 1, 7' equals 7 and (3.4) is less than
(3.2), so looking first is preferred to theorizing first. This is because
the researchers' characteristics are known in advance, so a successful test
conveys no information.

In a multiperiod model the planner might expect to use the researcher's
services on future projects. Then theorizing first becomes more attractive
because information gained about the researcher's type can be used
repeatedly. In a multi—period model, there is a range of parameter values

that imply that researchers should theorize first when they are young in

order to signal their abilities, and then look first when they are old,
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because by then their abilities have been largely revealed, leaving no reason
to waste resources producing theories that are immediately rejected.
Finally, note that information about a researcher's type has no value to

the planner if

G + sL > 0. (3.5

In that case, the planmner would use an unrejected theory to build the bridge
even if he knew that the theory was constructed by a type j researcher. The
theorize-first research strategy then conveys no useful information, but has
a cost because it may produce a rejected theory. So, in this case, the
planner prefers the look—first strategy. On the other hand, if rG + sL < 0,
then the planner would not build the bridge with a nonrejected theory if he
knew it was constructed by a type j researcher, so information about the
researcher's type is valuable. If this information is sufficiently valuable,

then the planner prefers the theorize—first strategy.

4. Theories Suggest Fxperiments

Until now, we have assumed that there is only one feasible new
observation for a researcher to make. In so doing, we have ignored the
possibility that researchers have a choice of several possible experiments to
perform, and that theories may help guide the choice of experiments by
suggesting which ones are most useful.

In this section ve return to the simpler enviromment of a single
researcher of a knowvn type. We examine a very simple model that incorporates
both the choice of research strategy and the choice of experiment. To

further simplify the issue, we assume that there are only two kinds of
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theories that are consistent with the previous observations. Type A theories
are true and type B theories are not. There are also two feasible
experiments that the researcher could perform. Type A theories suggest an
experiment EA' vhich tests an implication of type A theories, and type B
theories suggest an experiment Eg, vhich tests an implication of type B
theories. Because type A theories are true, ve assume that the experiment EA
never rejects its implications.!! The experiment Eb rejects the implications
of type B theories with probability p. A social planner who maximizes
expected utility gets gain G from using a true theory, loss L from using a
theory that is not true, and zero utility if he takes no action at all.

A researcher who theorizes first comstructs a type A theory with
probability p and a type B theory with probability q = 1-p. So his theory is
true with probability p, not true but not rejected with probability q(i-p),
and rejected with probability gp. Then the planner's expected utility if the

researcher theorizes first is
Max {pG + q(i-p)L, O}. 4.1

A researcher who looks first chooses randomly between the two feasible
experiments. Let 1-7 and 7 denote the probabilities that the researcher
chooses experiments EA or EB' If he chooses EA' then he makes an observation
that is consistent with both theories. In that case, he constructs a true

(type A) theory with probability p. If he chooses E then vith probability

Bl
p, the observation rules out type.B in which case he constructs a true theory

11As noted in an earlier footnote, we could easily extend our model so that
useful theories have some implications that are rejected. This would not
affect the main issues we focus on here.
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vith probability 1. With probability 1-p, the observation from EB fails to
rule out any theory, in which case the researcher constructs a true theory
vith probability p. So the a priori probability that he constructs a true

(type A) theory is
(1-1)p + 7p + 7(1-p)p = p + qrp. (4.2)

The probability that he constructs a type B theory is 1—{p + qrp} = q(1~1p).

So the planner's expected utility if the researcher looks first is
max { (p + qrp)G + q(1-1p)L, 0}. (4.3

Several points are worth noting. First, as in the previous sections of the
paper, the probability of coming up with a true theory is greater under
locking first than under thecrizing first. Looking does provide information,
at least with some probability, that can be used to help select among
theories. On the other hand, the probability of coming up with a false
theory is also greater under looking first, because the experiment chosen is
not expected to be as informative.

It is remarkable that neither p nor p plays any role in determining which
strategy is preferred. In fact theorizing dominates looking if and only if
T%T < l¥1 . A smaller (absolute) value of L relative to G makes looking first
more attractive, whereas theorizing first will be preferred when failure is
very costly. This accords with the intuition that if the primary goal is to
come up with a true theory (i.e. G/|L| is big) then ome should loock at all the

data, vhereas if one is more concermed about not believing a false theory

(G/|L]) is small), one should theorize first.
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The basic point is that in a setting where the costs of proceeding on the
basis of a bad theory are high relative to the benefits from successful
research, theorizing first should be encouraged, vhereas if the benefits from
success are high relative to the costs from a mistake, looking first is
preferred. An application of this principle might be the debates over
activist discretionary macroecomomic policy versus fixed rules. Proponents
of the latter argue that discretionary policies aimed at "fine—tuning" based
on observed regularities in data have small potential benefits and large
potential costs (e.g. the Great Depression), and therefore that activist
policymaking should await the outcome of theorizing first and testing the
theories, even if it means foregoing the benefits of stabilization in the
meantime. Proponents of activist policy argue, on the other hand, that the
costs of doing "nothing" are significant, while the risks are not that great
given the ability to react to any mistakes that might arise. Thus perhaps it
is no coincidence that those who tend to argue in favor of the slover process
of theorizing and testing (e.g. Lucas in "Understanding Business Cycles")

also are likely to believe that the costs of fluctuations are not that great.

5. Mechanisa Design by a Social P er

An unresolved issue from section 3 is whether a social planner would
choose to have all researchers look, all theorize, or perhaps signal their
private information in a separating equilibrium. The discussion in Section 3
clearly indicates that either of the two symmetric allocations ("all look"
and "all theorize") could be preferred, depending on the values of the
parameters p, q, I, s, and i. We now analyze wvhether the social planner

vould prefer a separating equilibrium to the better of the pooled equilibria,

and whether the choice of research strategy plays any important role in the
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separation. In order to analyze welfare issues we also generalize the model
by giving agents an alternative activity, thereby making endogenous the
number of agents of each type that choose to engage in research. We assume
that agents are risk-neutral, that agents' types are private information, and
that payments to researchers must be non—negative (though any lower bound
that is a binding constraint would suffice).

Note that if the planner is able to make large lump sum transfers to every
agent in the economy, then the non-negativity constraint is non-binding. The
reason is that the planner could announce a lump sum payment to everyone
except certain researchers; this is equivalent to giving those researchers a
negative rewvard. Thus we assume that vhile the planner can transfer income
in moderate amounts (enough to make appropriate payments to all researchers,
vho constitute a small part of the economy), he can not make massive
transfers.

The specifications of project and agent characteristics are the same as
in Sections 1 and 3. Now, howvever, ve suppose a linear upward-sloping supply
of each type of agent into the research market, with each agent's decision
determined by his opportunity cost. The distribution of opportunity costs
across agents is such that to get, for example, M type i agents and N type j
agents into research requires that type i agents expect to receive oM and
type j agents expect to receive fN.

The question is what sort of mechanism brings about the most desirable
allocation of resources. There are four basic scenarios: the planmer could

choose an allocation in which
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i.  All researchers theorize first.
ii. All researchers look first.
iii. type i researchers theorize first and type j researchers look first.

iv. type i researchers look first and type j researchers theorize first.

The social planner wants to build a bridge, as in section 3, and has the
payoffs G and L discussed in that section. The social planner chooses a
revard structure to induce the optimal number of each type of agent into
research (this may be zero in the case of type j agents), and to induce
agents to choose the most effective research strategies. However, he must
take into account the non-negativity constraints on rewards. In additien,
agents' types are private information, which implies certain incentive—
compatibility constraints.

The setup is as follows: a social planner announces a reward structure
that consists of non-negative contingent payments to researchers depending on
their announced type, their research strategy, and on the outcome of their
research including vhether bridges built with these theories actually stood
or collapsed. In this section we continue to assume that the planner can
verify vhether an agent actually looked or theorized first. Each agent
decides whether to engage in research and, if so, what to announce as his
type and vhat strategy to pursue. The research takes place, bridges are
built, they either stand or collapse, and contingent payments are distributed
to researchers accordingly.

Our assumption that researchers literally announce their types may appear
somevhat artificial, but we invoke the so—called Revelation Principle to
argue that any allocation achievable by indirect ammouncements is also

achievable by direct announcements. In this way ve avoid taking a stand on
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what particular device or institution is used in practice as a sorting
device. The point is that the revard structure is designed so that agents
sort themselves, and therefore have no incentive to misrepresent their types;
the simplest way to model this is just to have agents announce their types,
and to have the revards satisfy incentive-compatibility constraints.

The planner sets the following general reward structure: Researchers who
claim to be type k (k=i or j) receive yk for submitting a theory of type A,
yg for submitting a theory of type B, and yg for submitting a theory of type
C, in vhich case no bridge is built. So, for example, in a particular
allocation (4) a type i researcher who theorizes first gets anm expected
revard of pyi‘+ qy;A+ (1—p—q)yé‘, vhile a type j researcher who looks first
gets (ryi‘+ sy%‘)/(r+s).

Let ;k denote the expected reward to a type k agent if he goes into
research and pursues the most revarding strategy. Then if the agent's
opportunity cost is z, he will choose to engage in research if ;k >z. Any
incentive—compatible social planner's allocation rule implies values for ;i
and 3, and thereforea supply of ;i/a type i researchers and ;j/ﬂ type j
researchers. The rule also implies values for the expected social gain from
a researcher's activities, which we denote by ﬁk (k=i,j). The social planner

chooses an allocation rule to maximize
GUT - 7220 + GIpT - 73228, .1
vhich represents the total welfare gain from research activity net of private

opportunity costs. The planner faces two sets of potentially binding

constraints. First, the non-negativity constraints on the payments prevent
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the achievement of the first—best through large negative penalties for
failures. Second, the incentive—compatibility constraints require that

agents have no incentive to lie about their type.

5.1. Information About e js Valuable

In this section we will assume that rG + 8L < 0 < pL + qG so that bridges
based on theories of type j researchers are mot worth building, and the best
number of type j agents in research is zero. Under this assumption ve will
compare the benefits of various allocations of research types to strategies
induced by appropriate reward structures. In Section 5.2, we will repeat
this exercise under the alternative assumption that 0 < rG + sL < pG + gL, so
that a bridge is vorth building even if the theory was known to be
constructed by a type j researcher.

Our analysis consists of two stages. First, ve examine the social
planner's optimal choice of a revard structure conditional on his decision on
the optimal research strategies. We consider each of the four scenarios
listed above for research strategies. Then we optimize over the choice of
research strategies.

Our first result is this:

Suppose thet 16 + sL < 0 < pG + qL, so that information abowt a
researcher's type is sseful 1o the planser. Suppose also that the plenner cas
verify the research strategy. Then:

@) The plasser offers researchers a choice between a flat salary and a
contingent fee.

b) Type i researchers choose the contingent fee.

¢) Type j researchers choose the flat salary.
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d)  The planner requires researchers who choose the contingent fee to

theorize first if H% > Hz, vhere

2 2

1 ‘LE»,Q /’[‘L

W= 5t 5| (G + % L)2.
2a g[_r; + [L

p+ a T+8

2 2
1 2
L L{_iéL}_](G + % L)

2a|fp“+ ar

(5.2)

(5.3)

€)  The plenner allows researchers who choose the flat salary to use either

research strategy. He does not use their theories to build bridges.

Hn If H% > Hi, then researchers of type i are paid

if they constiruct o theory of type A and
yB‘yC-o

othervise. The plomner's ezpectied stility is H%.

9 If Ht > H%, thes type i researchers are paid

£zl

e
5 el

q
2(G+PL)

(5.4)

(5.5)

(5.6)
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if they construct a theory of type 4 and

y? = yf =0 (5.7
otherwise. The planner's ezpected stility is H%.

B)  The flat salary chosen by type j researches is
A_B_.C A :
yJ = yJ = yJ = ryl / (r#s). (58)

i)  These are too few type i agenis and loo many iype j agents relative to

the first best.

These results follow easily from our two-stage procedure. Suppose first
that the planner wants all researchers to look first. Call this Allocation
L.

In this case the planner does not use the research strategy as a sorting
device. All researchers look first, but they still may self-select according

to the reward structure. The incentive—compatibility constraints are
i i j j
(pyA + qu)/(p+q) 2 (pyi + qy%)/(p+q) (5.9
(ryi + sy%)/(r#s) 2 (ry; + sy;)/(r+s) (5.10)
These conditions imply that agents will not have any incentive to lie about
their types. Once the planner can identify the agents' types, he discards

the theories of type j agents because bridges built with them have negative

value. Consequently the planner never learms vhether a type j agent's theory
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is useful. This imposes the additional constraint that type j agents are

paid a flat fee,

yi =y (5.11)

The gross social gains from research activities (ignoring agents' opportunity
g g gn g 28 PP

costs) are then
T = (pG + qL)/(p*q) (5.12)
=0 (5.13)

Without the non-negativity constraint the optimum would be to have ;1 =7

and ;j = ﬁj, wvhich implies yi = yi G, yg = yg = L. The constrained optimum

requires yé = O because the non-negativity comstraint is binding and
yi = yJ = ryi/(r+s) (5.14)

because the incentive—compatibility constraint (5.10) is binding. So

¥ -y ' (5.15)
7 =L (5.16)
i

s Sy U (5.17)

and yi is the solution to
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2.2 2.2
T
e ok - B E - 610
Therefore
2
i ol q
Y, = 5 2(G + P L). (5.19)
T
5l ol

By substituting this reward structure into expression (5.1), we find that the
planner's expected utility is Hi given by equation (5.2).

Suppose instead that the planner vanted all researchers to theorize
first. Call this Allocation T.

The possible gain from an allocation in which everyome theorizes first
arises from the fact that type i agents have a comparative advantage at
theorizing. Consequently, although requiring all agents to theorize first
vill reduce the number of agents who choose to do research, the incidence of
that reduction will tend to fall more heavily on the undesirable type j
agents.

The incentive—compatibility constraints are

pY: + avp + (v 2 PY) *+ @7 + (p0)y) (5.20)
ryi + syg + (1—r—s)y% > ry; + sy; + (l—r—s)yg (5.21)

and because researchers must have incentives not to claim falsely to have a

type C theory,
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pyi + qyé + (l-p—q)y(i: 2 max {}'év y%} (5.22)

ryi + syg + (l—r—s)yg > max {yé, y%} . (5.23)

In addition, we continue to have the comstraint (5.11). The gross social

gains are
T = pG + qL (5.24)
W=0. (5.25)

As before, the non—negativity comstraints and the second incentive—
compatibility comstraint are binding. The optimum requires yé = yé = 0, and

ryi + sy% + (i—r—s)y% = ryi, and y; is then the solution to

2.2 2.2
Yy Py _L
max p < (pG + qL) —§%r . . (5.26)
720 a 2a
So we have

: 2

1. 9
Ya 2(G + 32 L). (5.27)

fp“+ar

The second planner's expected utility in this case is H% given by aquation'
(5.3).
Allocation T, like Allocation L, involves too few type i researchers and

toc many type j researchers, relative to the first best.
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Finally suppose the planner allows the research strategy itself to be a
signal of underlying quality. In order to accomplish this he allows
researchers to choose whether to look or to theorize and sets the payment in
such a vay that type i researchers choose one strategy while type j choose
another. We assume for now that the researcher's strategy is verifiable by
the planner.

It is not necessary to solve the planner's problems in these two possible
scenarios because it is clear that they will be equivalent to the two cases
described above. The case where type 1 looks first and type j theorizes
first is equivalent to Allocation L, while the case where type j looks first
and type 1 theorizes first is equivalent to Allocation T. The reason is that
in both cases the incentive—compatibility constraint, not the value of what
type j agents produce or the strategy they choose, determines the expected
reward to type j agents. So the social gains are determined only by what
type i agents produce (i.e. vhether they look or theorize), and the number of
each type that choose to engage in research. The possibility of signaling by
looking or theorizing is of no value to the planner (or the market) because
researchers can be sorted by the reward structure. So the question is simply
vhether it is better to have type i agents look or theorize first, which ve
can ansver simply by comparing welfare under the T and L allocations. Only
if announcement mechanisms were for some reason costly, and if research
strategy is the least costly such mecharnism, does the choice of strategy do
anything useful. But nothing in our basic setup implies that choice of

strategy has any value as a signal under the present set of assumptions.
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5.1.1 Discussion

It is clear from the expressions (5.2) and (5.3) for Hi and H% that either
can be larger, so that either allocation can be preferred to the other. In
either allocation, these are too few type i researchers relative to the first
best, simce ;i = pyi < T, vhereas the first best would require ;i = 7,
There are obviously too many type j researchers relative to the first best,
since ;j >0 = ﬁj. The reason is that we must give type j researchers enough
to keep them homest. Consequently, we attract a positive number of them into
research, though we ignore their research in practice and ve knov this in
advance. (The reader can supply his own real-world examples.)

when agents theorize first, there are fewer researchers of each type.
The reduction in the number of type i researchers is a cost, while the
reduction in the number of type j researchers is a benefit. In additien,
theorizing is costly because some type i agents produce type C theories.
When p + q is large, the latter cost is small, and consequently theorizing is
preferred (H% > Hi). When r is small, the bemefits from theorizing are small
since very few type j agents are attracted into research anywvay. (The number
of type j agents depends on r through the incentive compatibility constraint:
The smaller is r, the less must be paid to type j agents to keep them from
pretending to be type i.) Thus vhen r is small, looking first is preferred
to theorizing first (Hi > H%).

To summarize, the planner may prefer to have researchers theorize first,
despite the cost of having fewer good bridges, so as to discourage type 3
agents from going into research. This will be the case so long as the cost

in terms of the reduction in type i theories is mot too great.
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Perhaps the easiest way to envision the sorting mechanism is to consider
the choice of academic jobs. Some agents choose jobs in which there is a
high payoff to successful research, while others choose jobs where the
revards do not depend much on the quality or success of research. According
to the model, the distinguishing features of the latter set of agents are,
first, the poor quality of their research; and, second, a low opportunity
cost of doing research (so that either they are not very good at anything
else either, or they get some enjoyment from engaging in research, even if no
one pays any attention to it).

In any of the allocations considered here, there is a set of agents who

get revarded for producing theories that are knmown in advance to have no

social value. Because these agents have positive opportunity costs, social
welfare could be improved by freeing them from the obligation to perform
research. Howvever, it would still be necessary to reward these agents to
prevent them from doing research while falsely claiming to be type i.

Unfortunately, in this case all agents (including those who, because of
high opportunity costs, would never really enter research) would claim to be
potential researchers in order to collect the rewards. This would require
the planner to make the sort of massive lump sum transfers that vere ruled
out in the second paragraph of Section 5. So he must accept the social loss
inherent in requiring all "researchers" actually to perform research.

There is one partial solution to this dilemma: type j agents might be
able to perform some socially valuable function at a research institution
(perhaps teaching undergraduates?) where the plamnner could easily verify that
they are not simultaneously pursuing other productive activities. In this
case, the planner can require presence at the institution as a requisite for

the rewvards, but still assign type j agents to this alternative activity.
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In fact, if the best alternative employment of type j agents can be
affected at a research institution and monitored by the planner, then he can
assign those agents to that activity and achieve the first best optimum. In
that case, only type i agents do research, and the planner sets revards so
that they look first.

We have assumed that this first best outcome is not achievable; that 1is,
ve have assumed that the most valuable activities of type j agents can not
all be performed in research institutions. In fact, our welfare analysis
assumes that type j agents have po socially useful functioms to perform at

research institutioms, but this extreme assumption is not required.

5.2 Information About Type is Valueless

Our next result deals with the case in which information about 2
Tesearcher's type has mo value to the social plamner. That is, it deals with
the case in which rG + sL > 0, so that the planmer wants to build even the
bridges designed by type j researchers. The results in this case turn out to
depend on various inequalities involving the parameter values. To avoid a
proliferation of subcases, we assume some of these inequalities. Our result
is the following:

Suppose that pG + qL > [rG + sL1/(xr + 8> > r(G + qL/p) > 0. Suppose also
that the plasner can verify the research strategy. Then:

(a) The planner offers researchers a choice between a flat salary and @
contingent fee.1?

(b) Type i researchers choose the contingent fee.

12In this case, as in Section 5.1, the flat salary could be replaced by any
stochastic payment of equal expected value that satisfies the constraints.
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(¢> Type j researchers choose the flat salary and are directed by the
planner to look first.
(d> The planner requires researchers who choose the contingent fee to

theorize first if H%L > HZ, and to look first if VE > H%L, vhere

[r—fg]Q G+2 L)]2
5 (5.29)

[l
IN
—
Ak
[N
+

2 (pG + qL)2 L {16 + sL)2
2a 2/i(r+s)2

(5.30)

(e) If H?L > HE, then the reward structure to researchers satisfies

Py, * ayg = PG + qL (5.31)
and
j ] —r =)yl = I _s_
ry] + sy + (L-r-s)yl = -G+ L. (5.32)

One way to achieve this is the following: Type i agentis are paid

vt -G+%L (5.33)

if they construct a theory of type A and

y? = yg =0 (5.34)

otherwise. Type j agents receive a flat salary of




TR R AR R (5.35)

The planner's ezpected wtility ts H%L‘

o If Hf > H%L, then type 1 researchers are poid

yA =G+ pqﬂ(ns)2 + rsa(p+q)2 L (5.36)
1 p2[3(r+s)2 + r20(p+q)2

if they construct a theory of type 4 and
Yeyi=0 (5.37)

otherwise. Type j researchers are paid a flat salary of
A B C A
A P MR A / (r+s). (5.38)

The planner's ezpected utility is HE.

(¢y If Hi > H%L, then there are too few type i researchers and oo many
type j researchers relative to the first best. If H%L > Vi, then the
quaniities of type i and iype j researchers are optimal subject to the
consiraint that t ir rchers theori irst. There are still too few
type i researchers relative to the full-information first best, although the

aumber of type j researchers is fully optimal.
These results follow easily from our two—stage procedure; see the Appendix.

5.2.1 Discussion

We shall comment briefly on point (g) above.

36
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Wy <7

vhich implies that the optimal equilibrium of this sort has too many type j
researchers and too few type i researchers relative to the first best.
2 2

If HL < HTL’ then

T =3 and T = 7R (5.39)
This implies that in this case, the first-best number of researchers of each
type is achieved. (The reader should remember, however, that these “first
bests" are only first best subject to the requirement that type i researchers
theorize first.)
When H%L < Hi, the planner accepts non—optimal numbers of researchers in
order to allow everyone to look first, so that no useless type C theories are

E < H%L, the planner accepts the waste inherent in having

produced. When W
type 1 researchers theorize first, in order to achieve optimal numbers of

each type of researcher.

5.3 General Discussion

The results from sections 5.1 and 5.2 are hardly conclusive, but they do
illustrate the manner in which scientific method (what we have been calling
"research strategies") can play a role in the evaluation of the results of
scientific research, and hence in the allocation of resources. The basic
idea is as follows: Conditional on knowing the ability of an individual, it

vould not make sense to ask that he ignore any relevant information in the
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process of coming up with theories. But because theorizing first has certain
desirable selection or screening properties, it can be socially bemeficial
vhen underlying abilities are private information.

We can go beyond the framework of the model in thinking about how this
applies to the real world. For example, we have assumed that all researchers
can choose whether or not to look first or theorize first, and that the
actions are publicly verifiable. In practice, though, it is very difficult
to verify whether someone looked first or not, and in the model of Section §
it will frequently be in the interest of a researcher to claim to have
theorized first while actually having looked first.!3 On the other hand, it is
probably not the case that all researchers can easily choose one strategy or
the other. In fact, scientific training in many fields (economics included)
tends to get individuals to commit themselves early on to be either a
theorist or an applied scientist. Although one occasionally hears complaints
about theorists' distance from the real world, the research market does not
appear to discourage this type of specialization. While standard arguments
about the gains from specialization can account for this, it bears mentioning
that the analysis in this paper suggests another story. In a setting where
theoriiing first is a signal of ability (as in the TL allocation in Section
5.2), it can be useful to separate the theorizers from the lookers at the
outset. The type i agents become theorists, incapable of doing empirical
work, while type j agents become applied scientists, testing the theories of

type i agents as well as their own. There is then no problem verifying that

13Interactions within the scientific community such as seminars and ongoing,
informal discussions with colleagues may serve partially as a monitoring
device.
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the type 1 theories vere arrived at without looking first, since type i
agents would have demonstrated their inability to look at data.

The model also does not really deal with dynamic issues such as
reputation. It does suggest, though, that agents might theorize first early
in their careers, either to learn about themselves or to signal their private
information to the market. Eventually, though, their reputation would be
established, and there would be nothing more to gain by theorizing first.
Thus an individual who establishes himself as a type i by successful
theorizing early in his career might be observed changing his research

strategy and starting to look first.

6. Non—Verifiable Research Strategies

Without direct verifiability of research strategies the planner must set
revards so that agents do not make false claims about their strategies.
These "verifiability constraints" are generally binding when a researcher is
supposed to have theorized first. If p+q and r+s are less than one, both
types of researchers will want to look first if Yo = 0. So when researchers
are supposed to look first the problem of verifiability does not arise. Thus

in Section 5.1, if Hi > H%, the solution still applies regardless of

verifiability; the same is true in Section 5.2 if Hz > H%L‘

If the opposite
inequalities hold, then the solutions must be modified.

In addition to the incentive compatibility comstraints (5.14) and (5.15),
vhich ensure truth about type, and (5.16) and (5.17), which ensure truth

about type C theories, we have the constraints

vy * g+ (py. 2 Eovy ¢ Sk 6.1
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Ty * &g * (T8YE 2 g Vi * e VB (6.2)

These verifiability constraints ensure truth about research strategy. In

addition, we impose truth—telling about type and strategy jointly:

Yy + g * (P yg 2 Fhe v ¢ 5 VA (6.3)
in + Sy% + (1-r-s) y% 2 ;ég y: + ;%E y;. (6.4
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We will consider first the case in which information about a researcher's

type is valuable, and then the case in which it is not. Without

verifiability of research strategy, payments are contingent on the outcome A,

B, or C (as before) and on the announced research strategy.

6.1. Information About Type Valuable; Research Strategy Unobserved

Our next result deals with the case in which information about a
Tesearcher's type is valuable but the planner cannot directly observe the
research strategy.

Suppose that G + sL < 0 < pG + gL, so that information aboui a
researcher's type is useful to the planner. Suppose also that the planner
cannoil verify research strategy (but can still make rewards contingent on
announced strategy). Then:

(8) The planner offers researchers a choice between o flat salary and a
contingent fee.i4

(b) Type i resecarchers choose the contingent fee.

14Footnote 9 applies here as well.
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(¢) Type j researchers choose the flat salary.

(d) Researchers who choose the contingent fee always look first.

(e) Researchers who choose the flat salary might follow either research
strategy. Their bridges are not built.

(f) The contingent fee to type i researchers is given by equations (5.6)
and (5.7

(9> The flat salary chosen by type j researchers is given by equations
(5.8).

(h) The planner's ezpected wtility 1s HE, as given by equations (5.2).

The proof is in the Appendix.

6.2 Information About Type Valueless; Research Strategy Unobserved

Finally, we present our results when information about a researcher's
type is of no value to the planner, and when the planner cannot directly
observe the research strategy.

Suppose thet pG + gL > rG + sl > 0. Suppose also that the planner cannot
verify research strategy (but can stvll make rewards contingent on announced
strategy). Then

(8) The planner offers a choice between o contingent rewsrd given by

(5.36) and (5.37), and a flat salary gives by (5.98). Type i
reseﬁrchers choose the contingent reward scheme and type j researchers
choose the flat salary.1®

(b) All researchers look first.

I5Footnote 9 applies again. -
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(¢) The planner's mazimized ezpected uwtility 1s HE. given by equation
(5.29).

Again, the proof is in the Appendix.

6.3. General Discussion

For certain ranges of parameter values, the planner's choice of outcome
is independent of whether he can verify research strategies. This occurs
vhenever a) information about type is valuable, as in sections 5.1 and 6.1,
and expression {5.2) is greater than expression (5.3), and also whemever b)
information about type has no value, as in sections 5.2 and 6.2, and
expression (5,29) is greater than expression (5.30).

If the parameter values are in these ranges, then mo costly procedures to
verify research strategy are ever socially justified.

On the other hand, if either c¢) information about type is valuable and
(5.3) exceeds (5.2) or d) information about type is valueless and (5.3)
exceeds (5.29), then the planner's inability to verify research strategy
leads to inferior outcomes. In these cases, costly verification procedures
can be justified. The maximum amount that the planner is willing to spend on
such procedures is given by the difference between (5.3) and (5.2), or

between (5.30) and (5.29).

7. Conclusions

We can return to the question posed at the beginning of the paper: Does a
reader's rational belief in the truth or usefulness of a theory depend upon
whether the facts with which it is consistent were kmown to the researcher

before he constructed his theory?
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In a well-known text on the philosophy of science, Mary Hessel6 states that
",.. apart from the psychological effect of a surprisingly successful
prediction, that a fact was predicted before it vas observed should not in
itself affect the final judgment on 2 theory for which it is evidence." Our
own informal survey of economists indicates that, by about 2 to 1, they think
that a theory is more believable if some of the facts supporting it vere
unknovn when the theory was comstructed. Almost all responses were given
quite forcefully. The authors of this paper originally disagreed with each
other about the answer. Some economists follow the practice of deliberately
hiding part of a data set from themselves and using only the other part to
help formulate a theory. This paper has shown that these beliefs and
practices can be ratiocnal vith certain assumptions about the nature of
scientific research. The model of Section 4 shovs that for some range of
parameters a theory is more believable if the theorize—first strategy vas
followed. This section requires that the scientist's research strategy is
publicly observable. The model of Section 3 could explain a stronger belief
in theories obtained by a theorize~first strategy, but only in a very
roundabout manner.

This paper has also addressed the question of what research strategies
are socially optimal, given information and incentive constraints. The model
of Sectior 5 shows that, for some range of parameters, a subset consisting of
the most valuable scientists should be assigned to the theorize—first
strategy. Less valuable scientists, hovever, should always be assigned to

look first, regardless of parameter values. If research strategies are

16The Structure of Scientific Influence, University of Califormia, 1974,
page 207.
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private information as in Section 6, then at the optimum all scientists look
first and-welfare can be lower. The model of Section 4 provides an
alternative explanation of why scientists might optimally follow the
theorize—~first strategy.

The questions raised in this paper typically elicit strong opinions but
poorly articulated reasons. This paper offers a coherent analysis of the
issues. QOur results should challenge those who have taken for granted some

particular answer to these questions.
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APPENDIX N 1

1. Section ! of the paper makes the assumption that researchers can
build previous observations into their theories, so that a researcher can
alvays construct a theory that is consistent with these observations. We now
take up the opposite case. Suppose that a researcher cannot determine the
implications of his theory until after he has written it down and fully
vorked out the theory. Then a researcher may find that he has constructed a
type D theory. And looking first does not guarantee that a researcher will
not construct a type C theory. Denote the probabilities of constructing
theories of types A, B, C and D as p, q, 1-p—g~4, and §; earlier we had é=0.

Let UPr(A) denote the unconditional probability that a theory is type 4,
and let CPr(A) denote the probability that a theory is type A conditional on
the event that it is consistent with the new observation (that is,
conditional on its being in the set AUB). If a researcher theorizes first,
then UPr(A) = p and CPr(A) = p/(p+q). The Same probabilities apply to a
researcher who looks first: UPr(A) = p and CPr(A) = p/(p+q). The only
difference from the case in the text (in which 6=0) is that UPr(A) = p for a
researcher who looks first. This reflects the researcher's imability to rule
out a type C theory even though he already has made the new observation.
Because the forms of the conditional probabilities are unchanged by this
modification of the model, the neutrality result of section 1 continues to
apply. These probabilities, UPr(A)=p and CPr(A)=p/(p+q), continue to apply
even if a research can build old observations into his theory but pot the new
observation. So, even in that case, the neutrality result of section 1

applies.
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APPENDIX TO SECTIQN 5.2

First, consider Allocation L, where all look first. The analysis is just
as in Section 5.1, except that the maximization problem (5.18) is replaced by

2 2
max B Y[ P g+ B ] B T it
y>0 P*a @ [ PYa P*q P*q } 2e

2 2
bs T S Ir
cE Y Eee &L - [&

This leads to the solution (5.36).
Next, consider Allocation TL, where type i agents theorize first and type

j agents look first. The incentive compatibility constraints are

Pty (U-p- @ g 2 Vi pag Vi

S R B i i -r- i
r+s Yo T s Y 2 Ty, *Eyg* d-r-9 Yo -
The solution given by the equations (5.33)-(5.35) satisfies these constraints
in view of the inequalities assumed at the beginning of the section.
Next, consider Allocation LT, where type i agents look first and type j

agents theorize first. We will show that Allocation L always dominates

Allocation LT. Define

1 [P a. 4 L1 p 2.2
1) = B [ prq O T peq b ]y Za | p+q

(W =3 | T g+t
gLy B T+s | T+s T+S y
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=L X122

h(y) 2a [ T+§ ] :

Then the planner's objective function in Allocation L is
f(yA) + g(yA) - h(yA)

whereas his objective function in Allocation LT is the smaller expression
f(yA) + (r + s)g(yA) - h(yA).

Thus Allocation LT can be ignored.

Similar considerations show that Allocation TL dominates Allocation T, in

vhich all agents theorize first. Thus Allocation T can be ignored as well.
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APPENDIX E! N 6.1

As in Section 5.1, iagents can be given a flat revard ;J sufficient to
satisfy both the incentive—compatibility and verifiability constraints and y;
can be set to zero.

The constraints simplify to

P 2 oyk ¢ (mr-s)y] (A6.1.1)
¥ yé, (A6.1.2)
¥ ryi/(r'«s). (A6.1.3)

and condition (6.2) is trivially satisfied. These conditions say that a
type j agent must do at least well by announcing that he is type j and
accepting ;j as if he claims to be a type i and either theorizes, looks
first, or does not submit a theory. The verifiability conmstraint (6.1) for

type i agents simplifies to
i i
Yo 2 Py, (p*ad. (A6.1.4)

As suggested above, (A6.1.4) is a binding constraint and therefore holds with
equality. This implies that of the three conditions (A6.1.1)-(A6.1.3);
(A6.1.2) is the one that applies. In other words, we have to pay emough for
unsuccessful theories to keep type i agents from looking first. Consequently

the options can be found by solving the unconstrained problem
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2 2
P ¥ - {px|” 1 _ [ py]” 1
m;x pég a(pG+qL) [p* %2 [p*q} 73 (A6.1.5)

for yi and then using ;j = yé = pyi/(p+q). The solution to (A6.1.5) is

¥ = Eé‘ﬁ (pra) (6+30) (A6.1.6)

which implies that

yieyl - 71'377 p(G+IL). (A6.1.7)

Comparison with the results from section 5.1 shows that non-verifiability of
research strategies has a real social cost: the number of type i researchers
is reduced while the number of type j researchers is increased.

The question is then whether theorizing is viable at all without direct
verifiability. When researchers look first, the verifiability constraints
are non-binding, so equation (5.2) gives the planner's welfare. When all

researchers theorize first the planner's welfare is

2
= Q)2
v = 2 [Zf%] @+ 2n2 (A6.1.8)

It is clear that without direct verifiability, theorizing first is not

viable: W/ is strictly greater than HT.




?

50

APPENDIX N 6.2

We now consider the case in which bridges based on theories of type j

agents are worth building,
pG + gL > G + sL > 0.

A11 Look First

As in Section 6.1, nonverifiability of research strategies poses no
problem in this case. The payments yi and yg can be set to zero. Then the
incentive—compatibility constraints are given by equations (5.9) and (5.10),

and the optimal payments are given by equations (5.8) and (5.36).

All Theorize First
The planner maximizes expected utility subject to (5.20)-(5.23) and

(6.1)-(6.4). This implies a solution in which (A6.1.1), and (A6.1.2)

Yp = 0 YA =Yg = ¥c " pag Va " Ve (46.2.1)

so that constraints (5.20 and (6.4) are slack, while the other six

constraints bind. The solution for yz is

y,i\ = ﬂ[pG +[:i +[ﬂ;§ ’ ﬂ . (A6.2.2)



Type i Agents Theorize First, Type j Look First
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Obviously this case involves y; = 0 and y% = 0. Then the incentive

compatibility constraints are (5.20), (5.22), (A6.2.1), and (A6.2.2) for the

type i agents and (5.10),

0 S, IR - B i - i
r+s YA * T+s B 2 Tyt (1-r-8) Yo

and

S S S [N
T+s yA + T+s yB 2 yC

for the type j agents.
Then we have yé = yi = yg = Egi yi and

r T
ﬂ[pG *qL.‘ + G[EG QEL‘I

R X )

Type i Agents Look First, Type j Theorize First
This is the fimal case to consider. Clearly yé = 0. The

incentive—compatibility constraints are then (5.9) and

P
p*q

9

i i ] 3 J
Yot peq Yp 2PVt W * (P yp

and

P A, 9 4,3
pra Ia g IR 2 T

(46.2.3)

(A6.2.4}

(46.2.5)

(46.2.6)

(46.2.7)




52
for the type i agent, and (5.21), (5.23), (6.2), and (6.4) for the type j
agent. Then (5.9), (5.23), (6.1), and (6.4) bind, yi = 0, yJ =y =y} =
r i and
T+s K’
2 2
sl (o3 22 ae2y
yy = —24 £ 5 (A6.2.8)
p+q T+6
Welfare and Discussion
When all researchers look first, the planner's welfare is
2
2 2
e q 1l r_ s
R e 2] 4 2]
W = (A6.2.9)

Ql P 2 + 21 I 2
alp+ Blr+s

When all researchers theorize first, welfare is

T_1
H=§

[af] [‘1;_ [G *%L] +§ [G +§L] r. (A6.2.10)

When type i agents theorize first but type j look first, welfare is

2
TL-l @ P q T 5
e [m {a [G *p L] * Feey [G + 2 LH . (A6.2.11)

Welfare vhen type i researchers look first and type j theorize first is:



9 2
o PR3 i o)

5 5 (A6.2.12)
T
i ol

W

T and Wik > w7,

It is easy to show that HL . HL So type j researchers will
definitely look first. We must determine the optimal strategy for type i
agents. This involves a comparison of the welfare expressions (A6.2.9) and

(A6.2.11). With some tedious algebra one can show that
Wb Wit (46.2.13)

So the social planner will, when he cannot verify research strategies, choose
rewards to induce all researchers to look first. Given the results of
Section 6.1, this conclusion holds regardless of whether bridges based on
theories of type j agents are worth building.

To summarize: theorizing first is never a solution when research
strategies are private information. Theorizing first is sometimes a solution
vhen the research strategy is verifiable, as Section § shows. In those
circumstances, the inability to verify research strategies reduces welfare.

This could justify costly procedures designed to keep researchers honest.
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