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This essay examines the role of data and program-code archives in making
economic research ‘replicable.” Replication of published results is recognized as
an essential part of the scientific method. Yet, historically, both the ‘demand for’
and ‘supply of’ replicable results in economics has been minimal. ‘Respect for the
scientific method’ is not sufficient to motivate either economists or editors of
professional journals to ensure the replicability of published results. We
enumerate the costs and benefits of mandatory data and code archives, and
argue that the benefits far exceed the costs. Progress has been made since the
gloomy assessment of Dewald, Thursby and Anderson some 20 years ago in the
American Economic Review, but much remains to be done before empirical
economics ceases to be a ‘dismal science’ when judged by the replicability of its
published results.
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1 The supply of, and demand for, replication

In theory, economic research is scientific research — that is, economic theory suggests
empirically falsifiable hypotheses and investigators seek to confront those
hypotheses with data. Often, observers of science regard all researchers as if they
are single-minded seckers of truth. As a general result, this is unlikely to be true in
other than the simplest representative-agent models. But, as we discuss, the
publication process embeds problems of strategic information transmission, knowl-
edge hoarding, bounded rationality, and lying for strategic advantage (including
claiming falsely that empirical results are robust and reproducible). To our
knowledge, these issues have not heretofore been addressed together.

Many analysts have noted that actual researchers seek not only truth but also
fame and fortune, that is, researchers seek individual rewards. For most academic
researchers, publication is essential to their livelihood. Economic models with
heterogeneous agents, applied to economists themselves, suggest that utility
maximizing researchers will rationally choose outcomes other than those chosen
by a social planner whose goal is to maximize scientific progress per dollar spent.
Further, information-theoretic models suggest that, unless the preferences of
authors, editors and readers are fully aligned, authors perceive a strategic advantage
to withholding some information. Early commentators include Mayer (1980) and
Kane (1984); formal models have been presented by Feigenbaum and Levy (1993,
1996) and Levy and Peart (2001)." These models suggest that researchers will exercise
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a level of care in their research that is less than that which would be chosen by an
omnipotent social planner, and that researchers will be reluctant to share data and
programs if such reluctance delays (or makes impossible) attempts to replicate their
published results.? These professional practices of economists are not consistent with
uniform (and optimal, from a social planner’s viewpoint) truth-seeking behavior.

Ideally, investigators should be willing to share their data and programs so as to
encourage other investigators to replicate and/or expand on their results.® Such
behavior allows science to move forward in a Kuhn-style linear fashion, with each
generation seeing further from the shoulders of the previous generation.* At a
minimum, the results of an endeavor — if it is to be labeled ‘scientific’ - should be
replicable, i.e., another researcher using the same methods should be able to reach
the same result. In the case of applied economics using econometric software, this
means that another researcher using the same data and the same computer software
should achieve the same results. Yet, it is well known that the likelihood of
replication by a reader, or subsequent researcher, without the original authors’
programs and data is near zero.

How confident would you be of the published results in an empirical economics
article if:

¢ No one had ever attempted to replicate the results?
¢ Replication had been attempted — and failed?
* The original authors could not reproduce their own results?

One might think that the solution to the problem is simply to require that all
empirical research be reproducible — but it is not quite so simple. Consider some
more variations to the above question:

If the results had been replicated using the original software package?

o If the results had been replicated using the original software package, but a
newer version of the same package produced different results?

¢ If the results had been replicated using the original software package, but a
different software package produced different results?

e If two would-be replicators, both using the original software package, found
that one could replicate and the other could not?

So, what is the ‘replicability’ policy of most current professional journals? Most
journals have no such policy. A few journals have ‘replication policies’ whereby
authors ‘must’ provide data and code upon request, and even fewer journals have
mandatory data/code archives, where the researcher must deposit his data and code
prior to publication. There is no journal, however, that can provide tangible evidence
that its published results are, gemerally speaking, replicable. To date, every
systematic attempt to investigate this question has concluded that replicable
economic research is the exception and not the rule.

The implicit replication standard of economics journals is to assume (or,
perhaps, pretend?) that the research underlying its articles is of sufficiently high
quality that another researcher could, if desired, replicate the articles’ results. In fact,
modern empirical economic research is too complex for such a simple assertion — and
has been for a half-century or more. Few journals would even attempt to publish a
description of all an article’s data sources and every programming step. But, without
knowledge of these details, results frequently cannot be replicated or, at times, even
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fully understood.’ Recognizing this fact, it is apparent that much of the discussion
on replication has been misguided because it treats the article itself as if it were the
sole contribution to scholarship — it is not. We assert that Jon Claerbout’s insight for
computer science, slightly modified, also applies to the field of economics:®

An applied economics article is only the advertising for the data and code that produced
the published results.

Can such ‘advertising’ be misleading? And, if so, does there exist a mechanism for
enforcing ‘truth in advertising’? As we discuss further in the next section, publication
in professional journals may be interpreted as a strategic information problem. The
published article’s results and conclusions are but an advertisement for the
substantive research — how those results were obtained. But, authors may perceive
a strategic advantage to publishing the conclusions while withholding the underlying
data and program code. To the extent that the data and program code are useful for
future research, some authors may wish to prevent authors from ‘catching up’ in the
research race. If the research is valid, then hoarding this material - the core of the
article’s contribution to knowledge — is harmful to the progress of science because it
does not permit tests for replication, robustness, and refutation. On the other hand,
to the extent that the data and code would reveal the written research to be incorrect,
this hoarding protects the dishonest or incompetent researcher.

Examples abound. When Breusch and Gray (2004) reanalyzed and replicated the
work of Chapman, Dunop, Gray, Liu, and Mitchell (2001), they found ‘strikingly
different results.” As another example, the book by Giles and Tedds (2002) estimated
the size of the Canadian underground economy to be 3.4% of GDP in 1976, rising to
15.6% in 1995. The policy implications of such a result are staggering. Yet, when this
work was reanalyzed and replicated, it was found that ‘the overall level of their
estimates is a result of numerical accidents’ (Breusch 2005).

The experiences of economists who have sought to replicate published re-search
suggest that Panglossian faith in economists’ commitment to the scientific method is
unwarranted: The incentive structure of publish-or-perish is just too strongly skewed
toward irreproducibility. Numerous authors have explored this nexus. Dewald,
Thursby, and Anderson (1986) discussed the rational choices of journal editors who
fear reducing the attractiveness of their journals to authors by requiring disclosure of
data and programs. Diamond (1996) proposed a more general model of the behavior
of economists as scientists. Mirowski and Sklivas (1991), Feigenbaum and Levy
(1993), and Levy and Peart (2001) constructed formal models that suggest, in
equilibrium, the number of successful replications is near zero.

In these models of economists’ behavior, the incentives are straightforward.
Researchers receive a stream of rewards for new knowledge that begins with
publication and eventually tapers to near zero. A replication that demonstrates the
results to be false immediately ends the reward stream; if the replication further
uncovers malicious or unprofessional behavior (e.g. fraud), negative rewards flow to
the researcher. So long as withholding data and program code does not reduce the
post-publication stream of rewards (and disclosure of data and program code does
not increase it), researchers will rationally choose not to disclose data and
programs.” Such models largely explain the well-known proclivity of academic
researchers in many disciplines to keep secret their data and programs (e.g. Fienberg,
Martin, and Starf 1985; Bornstein 2001; Boruch and Cordray 1985; Bailair 2003).
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At least insofar as the accuracy of published results is concerned, applied
economics is a ‘poor relation’ to theoretical economics. Theoretical economic results,
generally speaking, are sounder than empirical economic results. The reason for this
is simple: the process by which the researcher obtained the result is transparent and
amenable to verification. Frequently referees check to make sure that theorems are
correct and, if the referee has not vouchsafed every part of the article, the interested
reader can do so. Not so with empirical economics, where the process of obtaining a
result is far from transparent, and myriad details not described in the text can be
found only in the code. Empirical economics, by actively discouraging replication,
does not incorporate the self-correcting mechanism of the scientific method - there is
no process whereby bad results can be removed from the cumulative body of
knowledge.

Previous studies by two of the present authors have found that, left to
themselves, many economists (and econometricians) do not understand the
difference between algebraic calculations and numerical calculations; Altman et al.
(2003) contains a number of excellent discussions of the issues. Perhaps the most
frequent (and egregious) example is calculating the coefficient vector of an ordinary
least squares regression. The algebraic formula, 5= (X' X)~' X"y, is well known to
have poor numerical properties (McCullough and Vinod, 1999). It is nonetheless
commonplace for GAUSS and Matlab code written by economists to implement the
algebraic formula rather than the QR decomposition. But, without access to an
author’s code, how can a reader know how the article’s results were obtained?

In counterpoint to the arguments advanced above, some researchers have argued
that replicating or verifying published results is unnecessary. These arguments follow
two lines. First, some have argued that most published scientific results are of no
interest or importance and, hence, replication of such results should be neither cased
nor encouraged. The arguments of Collins (1993) are dated but remain of value
because he makes his argument starkly and because similar views continue to be
advanced:

... no-one cares about the large majority of scientific results — whether they are right or
wrong makes no difference to anyone. A reasonable guess, based on some old surveys, is
that about 50 percent of scientific papers are not read by anyone except the author,
referees, and editor, while studies of the citation indices suggest that about 90 percent of
published papers are never cited, (Collins 1993, p. 233)

To economists, Collins’ argument seems odd indeed. Intelligent people operating in
competitive markets seldom knowingly squander real resources, and significant
resources were used to produce, review and publish such articles. Further,
presumably knowledgeable editors and referees agreed the articles contained new
knowledge. And, as Collins later notes, it is impossible to know ex ante which
published papers later will become prominent. In his comment, Collins suggests that
the experiments of Dewald et al. (1986) held little value because few, if any, of the
JMCB articles examined mattered for the progress of economic science. One can
only imagine the ire of the authors, bristled by the mild request that they submit data
and program code, now being told that their contributions mattered not at all to
economics! Further, Collins ignores the result in Dewald et al. (1986) that authors
are far more likely to have at-hand an article’s data and programs at the time of
publication than several years thereafter. Archiving data and program code hedges
all researchers against the uncertain future importance of published papers.
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The second line of argument, not orthogonal to that advanced by Collins and
others, is that the competition of ideas eventually will bring to the forefront all
‘important’ results; typical of this line of argument is Hamermesh (1997). Such
results, it is argued, will be verified, replicated, and repeated until a synthesis
emerges, with or without archives of data and program code. This argument is
appealing because it not only absolves the researcher from his scientific responsibility
to produce replicable results, it also suggests the possibility that even though no
individual study is replicable, ‘on balance’ the intellectual marketplace will get the
‘average’ outcome correct. This is unlikely due to sample-selection publication bias.
More sophisticated analyses, such as Bornstein (1991) and Feigenbaum and Levy
(1996), recognize that researchers have significant control over the set of results
submitted for publication. A sample-selection bias arises because results that are
perceived as ‘significant’ generate a larger stream of rewards to the researcher than
do others. This bias does not vanish even in repeated trials by multiple researchers.
The median of a set of biased individual estimates is not an unbiased estimate of the
true median, and the meta-estimate of the median will coincide with the true median
on a set of measure zero. Replication from the authors’ data and program code
promises not only verification of the original results, but also an opportunity to
explore the result’s robustness. Replication/verification/extension that begins with-
out the authors’ original data and program code has no power to examine
publication sample-selection biases.®

Yet, the importance of the sample-selection publication bias has been a matter of
dispute. Some papers have proposed a ‘meta-data’ approach to science, essentially
an analysis-of-variance or response-surface analysis of how experimental results vary
with observable design factors such as the chosen dataset or the method of
estimation; see Hunter and Schmidt (1996), Stanley (2001), or Hert, Denn, and Haas
(2004). These studies ignore the publication-bias problem, however. Further, even if
this meta-analysis epistemology eventually functions as intended, it may be horribly
inefficient: it does not address the issue of research path-dependence, that is, of
researchers being diverted down blind alleys by incorrect results, nor the highly
unequal prominence of professional journals. How many results, published in lesser
journals, does it takes to outweigh the results published in a single American
Economic Review article? These issues, and others, can be rendered moot simply by
requiring that authors make public their extant data and program code.

2 The theory of strategic information transmission and ‘cheap talk’

Creating original research manuscripts for professional journals is craft work.
Although often referred to as ‘knowledge workers,” researchers might equally well be
regarded as artisans, with creative tasks that include collecting data, writing code for
statistical analysis or model simulation, and authoring the final manuscript.’ Similar
to other craftsmen, researchers’ output contains intellectual property — not only the
final manuscript, but also the data and programs developed during its creation. Yet,
for the academic-type researchers with which we are concerned in this analysis,
publishing in peer-reviewed journals is necessary to maintain professional viability
(and, for those without academic tenure, employment). A strategic situation
naturally arises in which the researcher feels compelled to reveal a sufficient amount
of his material to elicit publication, while simultaneously seeking to retain for himself
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as much of the intellectual property as possible. There are few available models of
such a process in the literature.

In this analysis, we interpret the publication process — consisting of submission,
refereeing, and an editorial decision — as a problem of strategic information
transmission, in the classic sense of Crawford and Sobel (1982). The process also
may have aspects of bargaining, to the extent that an author receives a ‘revise and re-
submit’ request from an editor.'® Further, the process may have aspects of a repeated
game to the extent that the author during his career may submit multiple different
manuscripts to the same editor. If the repeated submissions resemble a long-memory
process, then the backward-looking learning that arises from repeated contacts can
lead to convergence of the preferences of agents (Blume and Arnold 2004).

The Crawford-Sobel model contains two agents whose preferences differ by a
measurable distance. One agent sends information to the other, who will make a
decision. The outcome of the decision enters both utility functions. The better-
informed agent is designated the sender, S, and the decision maker is designated the
receiver, R. The sender has private information that is of value to both agents, but
the sender wishes to share only enough valuable information to induce the desired
decision by R. The preference function of R is defined before information is received
from S, that is, R’s preferences are independent of the information sent by S.!' We
interpret the better-informed agent as the author of a specific manuscript. We
interpret the receiver as the editor of a journal, who has preferences regarding the
type of material desired for the journal and the minimum quality of article that will
be published in the journal. We do not specify the process that forms the receiver’s
(editor’s) ‘preferences,” but his choices likely are constrained by either an editorial
board or the association that owns the journal (if any). The sender’s private
information includes knowledge of the ‘quality’ of the article’s results, including the
quality of the author’s computer programs, the robustness of the results to minor
variations in the data, and the degree of care exercised by the sender during the
course of the research.

Crawford and Sobel construct a continuous measure of the degree of strategic
interaction between the sender and receiver by allowing the sender, S, to partition his
private information into subsets, that is, the sender partitions the support of the
probability distribution of the variable that represents private information. His
decision variable is which partition(s) to send to the decision maker, R. In the model,
the ‘best’ decision is made when S sends all the available information to R. How does
this paradigm map into the interaction between an author and a journal’s editor and
referees? For a careful author with a robust result, sending more information (data
and programs), when requested, cannot reduce the likelihood of publication. For a
less careful author, sending more information increases the likelihood that the result
will be discovered as fragile, incorrect, or fraudulent, whether before or after
publication. (We discuss below that the flow of benefits to an author from a
published article cease almost immediately when the results are discovered to be
false.) Similarly, as we discuss in detail elsewhere in this analysis, the sender’s
incentive to recheck results for accuracy — multiple times, if necessary — depends on
the likelihood of an error being uncovered and the professional penalty that is
incurred for publishing flawed work. The sender’s incentive is to withhold,
conditional on obtaining publication, as much information as possible.

















































