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PROJECT SUMMARY

Intellectual Merit

Econometrics has been distinguished from simply statistics as applied to economics as being
principally concerned with establishing causes or, what is frequently taken by economists to be
the same thing, structural explanation. Economics has itself developed as a science of models.
The proposed research is a systematic philosophical investigation of models and causal structure
in econometrics, and is part of a larger project on the logic of econometric inference and its place
in the explanatory practices of economics. While the philosophy of science has recently devoted
much attention to models, when it comes to the case of economics, most of the attention has been
paid to purely theoretical models. The proposed research aims to redress the balance by
investigating models of data (measurement and statistical) and especially how they relate to
theoretical models.

The intellectual merit of the proposed research rests in this: Econometrics is the core
methodology of applied economics, yet its deepest foundations have rarely been examined. It is
important to examine its methods philosophically — that is, at a higher level of generality — in
order a) to better understand the key issues confronting econometrics, which may provide a
framework in which students and professional economists can more clearly understand the
conceptual structure in which econometric methods function as an aid to learning and more
effective application; b) to better understand the relationship of different approaches within
econometrics, raising the possibility that current internal disputes can be resolved better from a
more detached perspective and so provide some guidance on how best to practice econometrics;
¢) to better understand the import for econometrics of the philosophical analysis of scientific
inference generally, which may aid in improving those methods or relating them to methods of
other sciences with the possibility of improving econometrics itself; and d) (the converse of this
last point) to better understand the import of econometric methods for the problems of scientific
inference generally, which may then provide a new resource to the philosophy of science, at
present overwhelmingly informed by the problems of the natural sciences, and which may be of
use in understanding (and possibly improving) the methods of other areas of science.

Broader Impact

The broader impact of the proposed research is itself implicit in its intellectual merits. Its broader
impact falls in the category of a project that “will integrate research and education by advancing
discovery and understanding while at the same time promoting teaching, training, and learning.”
A philosophical study — as described in the last paragraph — is an integrative study that aims to
connect econometrics to the wider problems of science and, through that channel to the methods
of other disciplines. The aim of the proposed study advances understanding both in the
philosophy of science and in econometrics itself through a conceptual analysis that relates the
workaday tools of econometrics to the broader, more abstract analysis of scientific inference.
Such conceptual analysis is important in achieving pedagogically useful clarity of the basis, aims
and success of a discipline — helpful to teaching, training, and learning. The aim is to better
understand econometrics as it is practiced and to practice it better. Naturally, there is a much
broader, though less direct impact: Professional economics is hugely influential in the design and
conduct of public policy (witness recent political discussions and policy actions relative to the
mortgage crisis and the debates over the stimulus aimed at meliorating the recession). That
applied economists have an effective econometrics at hand and that they use econometrics
effectively is essential to their giving good advice, soundly based in empirical evidence, for the
conduct of economic policy.
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PROJECT DESCRIPTION
1. Introduction: What is Econometrics?

The principal methods of empirical economics are referred to as econometrics. The
proposed research focuses on the role of causal structure and models in sustaining
econometric inference and analysis. This proposal covers a part of a larger project, which
I conceive of as a systematic philosophical investigation of the logical foundations of
econometrics and its place in the explanatory practices of economics.

Any investigation needs to begin by defining the field. In particular, is there a
clear distinction between econometrics and the methods of statistics familiar in other
fields? James Heckman, econometrician and winner of the Nobel Prize in Economic
Science in 2000, relates econometrics to causal inference:

Most econometric theory adapts methods originally developed in statistics. The major
exception to this rule is the econometric analysis of the identification problem and the
companion analyses of structural equations, causality, and economic policy evaluation.
[Heckman 2000, p. 45, emphasis added.]

The major contributions of twentieth century econometrics to knowledge were the
definition of causal parameters . . . the analysis of what is required to recover causal
parameters from data . . . and clarification of the role of causal parameters in policy
evaluation . . . [Heckman 2000, p. 45, abstract, emphasis added.]

Heckman’s account of econometrics as a distinctively causal science is ahistorical —
prescriptive of good practice perhaps, but not descriptive of the self-image of
econometricians for most of the 20™ century (see Hoover 2004, 2006). Yet, Heckman
highlights areas in which the role of econometrics needs to be better understood. What it
leaves out is the role of economic theory.

The philosopher Nancy Cartwright drew on econometrics to instruct physics on
handling probabilities. Econometrics, she believed, provided a uniquely revealing
application of statistics because, unlike, say, sociology, “economics is a discipline with a
theory” (Cartwright 1989, p. 14). Economics is commonly divided between
microeconomics and macroeconomics. For other purposes, however, it is divided
between economic theory and empirical economics. In Ph.D courses (and even in
undergraduate courses), micro- and macroeconomic theory usually constitute one
required sequence and empirical tools, statistics and econometrics, another.

Economics has a reputation among social sciences as uniquely dominated by its
theory. But the matter is more complicated than that. Eight-five percent of the articles in
the September 2009 number of the American Economic Review, perhaps the premier
journal in economics, involved empirical data, while only 15 percent were entirely
theoretical. Economic theory is prestigious; yet, most articles in specialized field journals
are empirical. Based on a JSTOR word search, I estimate that between the 1930s and
1950s between 30 and 40 percent of articles in economics involved econometrics,
statistics, or empirical estimation (Hoover 2004). By 2000, the proportion had risen to
about 70 percent. While these facts give the lie to the notion that economics, as actually
practiced, is mainly an a priori theoretical discipline, there is, nonetheless, something
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special about the role of economic theory. Of the 85 percent of articles in the September
2009 American Economic Review that were empirical, almost all contained a section
articulating an economic theory before entering on empirical investigation.

The tight connection of theory and empirics is reflected in the very origins of
econometrics. The term gained widespread currency with the founding of the
Econometric Society in 1933. The society defined econometrics as “economic theory in
its relation to statistics and mathematics” and its object as the “unification of the
theoretical-quantitative and the empirical-quantitative approach to economic problems”
(cited by Frisch 1933, p. 1). “Econometrics” has come to refer mainly to the statistical
apex of the economic theory-mathematics-statistics triangle, but it is a statistics that is
conditioned by economic theory. The central problem, both historically, in the actual
development of economics, and philosophically, in understanding the role of
econometrics in economics, is found in the interplay of economic theory, mathematics,
and statistics.

2. Background and Overview of the Project

While the history of econometrics has been documented elsewhere (Morgan 1990,
Epstein 1987, Qin 1993, Klein 1987, Louca 2007), the logical foundations of
econometrics have been examined less systematically. The field of economics that treats
general problems of explanation, inference, meaning, and conceptual schemes is referred
to within economics as methodology. Methodology is not to be confused with the
particular methods of econometrics or economic theory used by workaday economists.
Indeed, it is often thought to be analogous to the philosophy of science (e.g., Caldwell
1994, Hands 2001). Most economic methodology, however, is a rather “in-house” affair
in which economists, typically without searching reference to philosophical resources,
engage in general reflections on their discipline. Indeed, the two most famous works of
20™ century economic methodology, Lionel Robbin’s Nature and Significance of
Economic Science (1937) and Milton Friedman’s (1953) “Essay on Positive Economics,”
are philosophically innocent. As a result, the continuing fame and importance of
Friedman’s essay among economists, in particular, has puzzled philosophers from the
beginning. While methodologists sometimes display a nodding (and occasionally much
deeper acquaintance) with philosophers, there is a tendency to view philosophy as a set of
authoritative doctrines that can be borrowed when needed rather than as a practice that
requires as much engagement as methodologists generally display towards economics
itself.

These observations are not a criticism of economic methodology. My own
extensive writings on the general problems of economics are methodological in exactly
the sense in question. But the current project aims to take one step further back and to
use the resources of the philosophy of science more fully to investigate the foundations of
econometrics. Recent work in the philosophy of science, as well as in economic
methodology, has taken a “naturalistic turn,” privileging the practices of the fields under
study and eschewing normative goals. I respect the intellectual impulse behind this
naturalism — and its humility. A relevant philosophy of science must draw on a deep
knowledge of the actual practices of the sciences studied. Nonetheless, I cannot rule out
a prescriptive philosophy. I fully subscribe to what I have previously referred to as
Rosenberg’s “continuity thesis”:
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If theory adjudicates the rules of science, then so does philosophy. In the absence of
demarcation, philosophy is just very general, very abstract science and has the same kind
of prescriptive force for the practice of science as any scientific theory. Because of its
generality and abstractness it will have less detailed bearing on day-to-day science than,
say, prescriptions about the calibration of pH meters, but it must have the same kind of
bearing. [Rosenberg 1992, p. 11;

The main aim of the larger project is to understand in a very general way what makes
econometrics work. If our philosophical inquiry also gives some guidance on how to
make econometrics work more effectively, then so much the better. One dimension on
which the project is important is captured in the possibility that it may inform a more
effective econometrics.

I believe that I bring an uncommon perspective to this enterprise in that I am, and
continue to be, a practicing monetary/macro-economist and applied econometrician as
well as — at least by one of my departmental affiliations — a philosopher.

The ground to be covered in the project is not completely unexplored — the
pathfinders and prospectors have been out — but the forests have not been cleared nor the
ground tilled. Much of the methodological discussion about econometrics has taken
place firmly within econometrics itself. For many years, there has been a battle of the
schools between different general approaches (Pagan 1987; Hoover 1995b; Hartley,
Hoover, and Salyer 1997, 1998). Within macroeconometrics, the London School of
Economics approach (Hendry 1995; Mizon 1995; Faust and Whiteman 1995, 1997) and
the related co-integrated vector autoregression approach (Juselius 1999, 2006; Hoover,
Johansen, and Juselius 2008) have vied with dynamic structural modelers (Hansen and
Sargent 1980), the vector autoregression approach (Sims 1980, Ingram 1995), the
structural vector autoregression approach (Cooley and Leroy 1985; Leamer 1985; Sims
1986), and the calibration approach (Kydland and Prescott 1995). Related divisions exist
in microeconometrics between structural modelers (Heckman 2000) and the natural
experiments approach (Angrist and Kruger 2001). Systematic methodological accounts
of econometrics are rare. Spanos’s (1986, 1999) books are methodologically
sophisticated econometrics textbooks. Magnus and Morgan’s (1999) uses a highly
focused experiment to address a range of econometric approaches. Darnell and Evans
(1990) is one of the few explicitly methodological monographs on econometrics. It is
more critical than constructive, focusing on competing schools. Lawson (1997), the
product of a philosophical economist, and Cartwright (1989, 1999) bear on econometrics,
but only in the context of larger and, in Cartwright’s case, not completely economic
interests.

Only two books are similar in spirit to the proposed project. Keuzenkamp (2000)
is a philosophically informed investigation of econometrics. He advocates an
information-theoretic approach, in which simplicity is the principal desideratum of
econometrics, and he rejects realism. Stigum (2003) is the most systematic treatise on the
philosophy of econometrics to date. Stigum’s philosophical antecedents are firmly
grounded in logical positivism. He advocates an axiomatic approach to the relationship
of economic theory and econometrics that wavers somewhat between the syntactic and
semantic views of theories. Like Keuzenkamp, Stigum is explicitly anti-realist.
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My project is distinct from those of Keuzenkamp or Stigum. My earlier work has
a decided causal realist flavor (Hoover 1991; 2001a, b; 2009). And in keeping with
recent general work on scientific models (e.g, Morgan and Morrison 1999; Teller 2001;
Geire 1999, 2006; and de Chadarevian et al.2004), I tend toward a “weaker” semantic
view, in which the content of theories is found in families of related models, where
“model” is not used in the sense current in formal logic, but instead refers to the kind of
tools familiar to economists and econometricians such as the IS-LM model (Hicks 1937;
De Vroey and Hoover 2004, the real-business-cycle model (Kydland and Prescott 1982;
Hartley, Hoover, and Salyer 1997), or the neoclassical growth model (Solow 1956;
Boianovsky and Hoover 2009) and to physicists such as the Ising model (Hughes 1999)
or the rainbow model (Batterman 2001). This orientation raises a range of issues simply
not contemplated in Keuzenkamp or Stigum’s treatises (see section IV below).

While I have written widely on economic methodology and particularly on
econometric methodology, my previous work has been mainly critical and unsystematic
(e.g., Hoover 1994a, 1995a, 2002, 2004, 2006; Hoover and Perez 1999, 2000, 2004). My
larger project is a free-standing, systematic inquiry. I will not simply collect and freshen
up previous work, though naturally the new study will be informed by all that I have
learned in the earlier work. Particularly, I do not contemplate the republication of any
significant existing work. Instead, I propose a foundational inquiry that will draw
together various themes and threads from existing work, provide a constructive account
that connects them, fill in gaps, and address topics that I have not previously studied. My
aim is to understand the structure and logic of a scientific practice rather than as primarily
an attempt to resolve doctrinal disputes.

3. Intellectual Merit and Broader Impact

The intellectual merit of the proposed research is implicit in the overview in the last
section. More explicitly, however, it rest in this: Econometrics is the core methodology
of applied economics, yet its deepest foundations have rarely been examined. It is
important to examine its methods philosophically — that is, at a higher level of generality
— in order a) to better understand the key issues confronting econometrics, which may
provide a framework in which students and professional economists can more clearly
understand the conceptual structure in which econometric methods function as an aid to
learning and more effective application; b) to better understand the relationship of
different approaches within econometrics, raising the possibility that current internal
disputes can be resolved better from a more detached perspective and so provide some
guidance on how best to practice econometrics; c) to better understand the import for
econometrics of the philosophical analysis of scientific inference generally, which may
aid in improving those methods or relating them to methods of other sciences with the
possibility of improving econometrics itself; and d) (the converse of this last point) to
better understand the import of econometric methods for the problems of scientific
inference generally, which may then provide a new resource to the philosophy of science,
at present overwhelmingly informed by the problems of the natural sciences, and which
may be of use in understanding (and possibly improving) the methods of other areas of
science.
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The broader impact of the proposed research is itself implicit in its intellectual
merits. Its broader impact falls in the category of a project that “will integrate research
and education by advancing discovery and understanding while at the same time
promoting teaching, training, and learning.” A philosophical study — as described in the
last paragraph — is an integrative study that aims to connect econometrics to the wider
problems of science and, through that channel to the methods of other disciplines. The
aim of the proposed study advances understanding both in the philosophy of science and
in econometrics itself through a conceptual analysis that relates the workaday tools of
econometrics to the broader, more abstract analysis of scientific inference. Such
conceptual analysis is important in achieving pedagogically useful clarity of the basis,
aims and success of a discipline — helpful to teaching, training, and learning. The aim is
to better understand econometrics as it is practiced and to practice it better. Naturally,
there is a much broader, though less direct impact: Professional economics is hugely
influential in the design and conduct of public policy (witness recent political discussions
and policy actions relative to the mortgage crisis and the debates over stimulating the
economy to stave off impending recession). That applied economists have an effective
econometrics at hand and that they use econometrics effectively is essential to their
giving good advice, soundly based in empirical evidence, for the conduct of economic
policy.

4. Framework for the Investigation

To give a more concrete idea of the nature of the proposed investigation, I offer in this
section a discursive discussion of the issues that motivate the key parts of the project with
indications of where I intend to start on the various issues. Some of these issues arise out
of work that I have done over many years. I highlight some of that work in order to
convey the significance of the issues and to illustrate my own capacity to contribute to a
fruitful investigation of those underlying issues. Generally, I hope to convey that I have
clear ideas of where to start the investigation. Yet the proposal is for new research, and it
would be premature to indicate any strong conclusion — the research has yet to be done.

4.1 THE NATURE OF ECONOMETRICS

Econometrics is not simply statistics applied to economic problems. While the
foundations of the distinction were laid, as indicated previously, in the stress placed on
the role of economic theory as a complement to statistics in the very beginnings of the
Econometric Society, another important source was Haavelmo’s seminal “Probability
Approach in Econometrics” (1944), which addressed the fact that economists must
generally engage in passive observation, rather than controlled experiments. Haavelmo
developed a rich understanding of the role of probability models in providing foundations
for a substitute for experimental controls (see Morgan 1990). Haavelmo’s approach was
taken up by the Cowles Commission in its foundational volumes (Koopmans 1950; Hood
and Koopmans 1953).

Haavelmo and the Cowles Commission rejected the notion that economists could
usefully quantify economic relationships as mere associations among data. The main
issue was that a useful economics — useful either for prediction or for policy analysis —
must be supported by a causal account. How do changing parameters or policy actions
play out? Haavelmo saw the goal as mapping out autonomous or relatively invariant
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structures that would provide a guide for potential interventions in the economy and trace
out their consequences (Aldrich 1989). The importance of counterfactuals to empirical
economic analysis — later reemphasized with the so-called “Lucas critique” — was thus
implicit in the roots of modern econometrics (Lucas 1976).

Although Simon (1953) contributed a famous paper on causality to a Cowles-
Commission volume, the language of “structure” dominated the language of “cause.” In
part, this arose from taking theoretical economics as the starting point (Hoover 2004)
and, in part, from the influence of logical positivism with its revival of Humean
skepticism about powers and properties. In practice economics is a model-driven
enterprise, and economists waver between different views of the relationship between
theory and data. Because of the variety of models and the fact that models are clearly
human artifacts, economists sometimes flirt with the idea that any structures in the data
are simply human creations. On the other hand, despite the variety of models,
economists typically insist that acceptable models must be compatible with general
economic principles that are taken to be facts about the world whose workings may be
discovered but are independent of the investigator. There is some doubt as to exactly
what these principles are. Haavelmo takes a broader view in which the basic elements
might be supply and demand relations; while more recent economists frequently demand
that we get “beyond demand and supply curves” to the decision problems of individual
economic agents (Sargent 1982). This more realist view is favorable to a structural or
causal view of economic relations.

Models and causal structure come together in the key issue for the Cowles-
Commission view of econometrics: the identification problem. This is essentially the
problem, identified earlier by Frisch as the problem of “inverse inference,” of working
backward from observable data to economic structure. The classic example of the
identification problem arises when quantities are determined jointly by supply and
demand curves in each of which quantity depends on price — supply directly and demand
inversely. Observations on two variables can pick out only one relationship between
price and quantity; they cannot identify two independent relationships but only their joint
solution. There are various ways in which such relations could be identified. The
simplest occurs if, as well as depending on price, supply depends on some other variable
and demand on yet another variable. But this is prior information. So, one question is
where does such prior information come from?

The standard answer is that economic theory (or sometimes institutional
knowledge or common sense) tells us. Yet that raises another question of just how
precise economic theory is in providing such prior knowledge absent prior learning from
empirical data. It is rare that only one structural model would be consistent with the
fairly mild constraints of economic theory.

The standard solution to the identification problem reflects very limited ambition
for empirical evidence. Statistical evidence is used only to estimate the strength of the
connections between variables conditional on prior knowledge of their structure.
Statistics are used for measurement primarily under the assumption that we already know
pretty much what the structure being measured is like. They can also be used to test
hypotheses, but only ones that are redundant relative to the maintained structural
assumptions needed to secure identification.
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Various economists have found the weak empiricism of the standard solution to
the identification problem to be problematic. Two polar strategies for short-circuiting the
issue gained some traction. One strategy, exemplified by work on vector autoregressions
(VARs), gives up on prior identification altogether and tries to work only with so-called
reduced forms — essentially giving up on causal structure in favor of correlation (Liu
1960; Sims 1980). It was quickly pointed out that VARs were unsuitable for
counterfactual analysis (Cooley and LeRoy 1985). The effect of a supply shock (e.g.,
weather on crops) cannot be analyzed unless we can identify a supply curve; the effect of
a policy action cannot be analyzed unless we can distinguish the policy rule from the
structures policy is meant to influence. The profession quickly accepted this criticism
(Sims 1982, 1986). So, called structural VARs differ in detail from the models that the
original VARs were meant to replace, but the fundamental weakness of the standard
approach to identification remains.

The second strategy is exemplified by calibrated models (Kydland and Prescott
1982, Hartley, Salyer, and Hoover 1997, 1998). Calibration gives up on estimation
altogether. The “best established” theory is supposed not only to provide the causal
structure of models, it is also supposed to tell us the strength of the connections, to
provide parameter values. Sometimes parameter values are said to be implied by
accounting identities or facts that are independent of particular structures or sometimes
by estimation in other contexts. Calibration raises a raft of questions, including how can
estimation in other contexts supply parameter values when estimation is rejected in the
principal context. More basically, calibration is a kind of apriorism. In resting on the
“best established” economic theory, calibration begs the question. How can any theory
become best established if it the models in which it is exhibited are based only on the best
established theory? Rarely, if ever, is economic theory restrictive enough to pick out a
single model. Calibration provides no way to test or to adjudicate the competing claims
of alternative models.

While these two polar strategies continue to have adherents, most economists
occupy the muddled middle ground. Models are estimated with strongly maintained (and
often highly simplified) identification assumptions and typically with equally strongly
maintained stochastic assumptions about the behavior of the error terms (i.e., of
departures from the maintained model). The consistency of data with the maintained
stochastic assumptions is typically testable and very frequently strongly rejected. One
too common strategy is simply to soldier on ignoring the contradiction. A second is to
try to repair the statistical properties through data transformations. Unfortunately, such
transformations are not innocuous and often undermine the identification assumptions
themselves (Hendry 1995; Spanos 1995; Hoover 1988; Hoover, Johansen, and Juselius
2009)

Two additional approaches aim to resolve some of the problems with this
muddled middle ground. The so-called LSE (London School of Economics) approach
associated with David Hendry and various colleagues focuses on stochastic specification
(Mizon 1995). Its main elements are that it starts with very general specifications and
works through a series of encompassing tests in which alternative models are compared
for their information content while checking consistency with the assumption that errors
should be well-behaved stochastically at each stage. This general-to-specific search
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strategy seeks to find the informationally richest model or model class consistent with the
data. The rhetoric of the LSE approach emphasizes the general-to-specific element, but
the most fundamental element, I claim, is the notion of encompassing, which is a
methodology for adjudicating between competing models. The general-to-specific
approach on this view should be seen principally as a method for systematically
executing encompassing tests. The LSE approach typically makes only weak prior
assumptions, and therefore is regarded as theoretically thin by many economists.

A second, quite different approach, which has a limited following among
economists, is the graphic-theoretic or Bayes-net methods of causal inference (Spirtes,
Glymour, Scheines 2001; Pearl 2000; Swanson and Granger 1997). The strategy is to ask
what restrictions causal structures would place on the independence relations among
economic data. Independence relations indicated statistically in the data limit the
admissible class of causal structures. Although they are rarely treated together, graph-
theoretic causal search and the LSE approach bear a family resemblance. Models are
adjudicated in both approaches through nesting them in more general models. (Hoover,
Demiralp, and Perez 2009 is a perhaps unique attempt to combine the techniques in an
applied study.)

4.2 A PRAGMATIC APPROACH TO EMPIRICAL ECONOMICS

Models and the Piecemeal Strategy for Securing Economic Knowledge

My general approach is perhaps best described as pragmatic in Peirce’s sense (Hoover
1994b). It rejects foundationalism and the rationalism implicit in appeals to a priori
theory in econometrics. The issue is instead what we believe and what we doubt at the
moment. The object of scientific investigation is to resolve doubts. In the process, new
doubts may arise — even doubts about what we previously took to be beyond doubt.
Thus, provisional indubitability is consistent with a through-going fallibilism.

This approach is broadly compatible with perspectival realism (e.g., Giere 1999,
2006; Teller 2001). Models provide perspectives that are limited, incomplete, and not
suitable for all purposes but which nonetheless capture something that is about the
structure of the world. If we disagree, it is with the idea that models at best approximate
the true. Truth may be — as it is for Peirce — a regulatory ideal towards which we hope
models will converge. But as such, it is not a standard against which we may claim that
models are approximations, because it is not a standard that we could ever know that we
had to hand, even if we in fact did. Rather than approximations, models should be
viewed as instruments that, when successfully employed, can be used to tell the truth (in
a workaday sense of the word) — from a perspective, with a purpose, to a degree of scope
and precision.

The econometric approach to identification provides a valuable insight in
highlighting the role of maintained assumptions. But these are not a priori truths from
timeless and unrevisable theory. They are simply the points that we do not find doubtful
at the moment. To the degree that we do not doubt this assumptions, a theoretical model
can act as a measuring instrument (Cartwright 1989; Boumans 2005, 2007). However,
when there is doubt about maintained assumptions or bases for competition between
models, the problem shifts to adjudication. While the standard approach to identification
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provides limited resources for adjudication, as it provides no basis for questioning
maintained assumptions, the encompassing strategy of the LSE approach puts
adjudication at its heart. Any pair of models that can be compared involve some shared
presuppositions that are currently unchallenged and have implications that may conflict.
The encompassing principle nests the models into a larger model in which, depending on
parameter values, one of the root models could dominate the other, both could fail to find
support, or elements of each could contribute to the more general model. The
competition is restricted to a class of models (e.g., to linear models, nonlinear models,
acyclical causal models, or cyclical causal models). No model class is perfectly general,
so adjudication is not final — the strategy is both piecemeal and competitive.

The LSE’s development of the encompassing approach is mainly concerned with
statistical specification of data models, but it provides useful exemplars of adjudication
between competing models. The problem is to understand the principles of adjudication
in a philosophically general way that will, at the same time, clarify the basis for the
methods and provide general lessons for adjudication among models in other contexts.
As already noted, something analogous to encompassing is implicit in graph-theoretic
search algorithms at the level of causal models. This analogy stands in need of more
careful elaboration; and, in general, we should recognize that models are related in
hierarchies in which models at different levels make different prior (that is not actually
doubted) presuppositions. For example, a stereotypical econometric inference involves
data models, causal models, and theoretical models. Data models, to take one instance,
can rest on presuppositions that are neutral between the competing claims of different
causal models in that they do not build in causal presuppositions.

An Hlustration: Models and Causation

The general points here can be illustrated with a concrete example that has the advantage
of showing how lessons from econometrics may be generalized to broader contexts. The
example involves Reichenbach’s (1956, p. 157) principle of the common cause: “If an
improbable coincidence has occurred, there must exist a common cause.” A typical gloss
runs: If 4 and B are probabilistically dependent, then either one causes the other or they
have a common cause. The principle of the common cause is closely related to the causal
Markov condition, which is employed extensively in the graph-theoretic search
algorithms (Spirtes et al. 2001, Pearl 2000). Elliot Sober (1994, 2001) has criticized the
principle with a counterexample: bread prices in England rise on trend; sea levels in
Venice rise on trend; bread prices and sea levels are, therefore, correlated; yet ex
hypothesi they are not causally connected and, therefore, do not have a common cause.
Cartwright (2007, ch. 6) and Reiss (2007) take Sober’s counterexample as evidence
against graph-theoretic (Bayes-net) causal search algorithms.

I argue that Sober’s counterexample fails because he has failed to recognize the
hierarchy of models and the different presuppositions involved in causal inference (see
Hoover 2003). Reichenbach’s principle requires judgments of probabilities.

Probabilities are obtained through a probability model that interprets observable data
(frequencies) as probabilities. These probabilities are then fed into causal models. Sober
wrongly assumes common correlation statistics translate directly to probabilities. But
this is true only for data that are well modeled as stationary — that is, as having time-
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invariant probability distributions (e.g., with constant means and variances). But his
counterexample is much better modeled as a nonstationary process in which probability
distributions are time dependent. Prima facie evidence for this is just that stationary
processes cannot trend as he supposes. But more formally, it is that a stationary and
nonstationary process can be nested in a single data model, and given the data in this
thought experiment, the nonstationary model could encompass the stationary model with
a very high likelihood. One thing to notice is that the adjudication among the statistical
models does not presuppose the truth or falsehood of probabilistic dependence and so,
contrary to Sober does not beg any causal questions (Sober 2001).

Recognizing the distinct role of data models and causal models defuses Sober’s
counterexample, because a high correlation judged on ordinary correlation statistics — as
a matter of mathematical fact — does not imply probabilistic dependence in a
nonstationary process. In a stationary process the distribution of the correlation statistic
is strongly peaked and its variance falls as more observations accumulate so that it
converges on the true population value of a dependence parameter. With two
probabilistically independent random walks (nonstationary processes), as more
observations accumulate the correlation statistic converges to a uniform distribution on
the —1 to +1 interval — that is, we are bound to find many examples of high correlation
even though there is no probabilistic dependence between the variables. The
nonstationary model of bread prices and sea levels gives us no reason to begin invoking
the principle of the common cause with respect to the causal model, because no
“improbable coincidence” has occurred, only the quite probable coincidence that should
be expected in such a process.

Graph-theoretic algorithms appear to be vulnerable to criticism based on Sober’s
counterexample, because they typically elide the step from facts about frequencies to the
probability distribution by estimating frequencies and inferring causal order in a single
procedure, which, as they are typically programmed, presuppose stationary data. The
appearance, however, is misleading, based on the false impression that the linkage runs
directly from data to causal model without the intermediate stage of a data model. In
fact, the data-modeling step is implicit. The data-modeling steps and the probabilistic
inferential steps are separable, and can easily be separated; so Sober’s counterexample
does not touch them in principle.

The general point is not about stationary and nonstationary processes. Rather it is
that if we need probabilities for causal inference, we must adjudicate among alternative
probability models in a data-modeling stage. There are types of probability models. The
stages are distinguished by the fact that causal presuppositions are not made at the data-
modeling stage. At each stage, adjudication among models can proceed using
encompassing principles.

The example provides a hint about the relationship between the LSE general-to-
specific approach to specification search and the graph-theoretic approach to causal
modeling. They are, in fact, most at home at different stages of the modeling process:
the general-to-specific modeling is directed toward an adequate statistical
characterization of the data — i.e., to a probability model of the data. Graph-theoretical
causal search must start with such a probability model and addresses the level of causal
modeling. The two approaches are complementary, not antagonistic.
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In any case, this is merely an illustration of the relations between models at
different stages and strategies for adjudication that I propose to examine in more detail in
the proposed research.

4.3 MODELS AND COUNTERFACTUALS
Key Issues in Counterfactual Analysis in Econometrics

The previous example concentrated on inference (on “hunting causes” in Cartwright’s
2007 parlance). As we have already seen, however, causal analysis was important in the
development of econometrics because economists sought to conduct counterfactual
policy analysis (Cartwright’s “using causes”). Another essential element of the proposed
research is to understand the relationships among models, causation, and counterfactuals
in econometrics.

Much of recent philosophical analysis of counterfactuals and of counterfactual
accounts of causation is based in Lewis’s (1973, 1979, 2001) “possible worlds” analysis.
The notion of possible worlds is a vapory one — at least for the purposes of a philosophy
of science in close connection to scientific practice. The metric for closeness of possible
world’s is particularly vague. In contrast, economic models define possible worlds
substantially more precisely: each parameterization is a clear alternative possibility, and
counterfactual experiments are defined by changing parameters with reference to ones
asserted to exist in reality.

This schematic account of counterfactual analysis raises a number of issues that
need to be addressed in the proposed research. First, models are representations of pieces
of reality, not of the whole. Thus, we need to consider how models are situated in the
background of unanalyzed or less fully represented aspects of economic reality. This is a
question that Simon (1996) addressed in his analysis of near decomposability.

Second, as suggested earlier, models form hierarchies from data models to causal
models to theoretical models (which interpret and explain the existence of particular
causal structures). Some of the confusion in counterfactual analysis in economics comes
from failing to recognize that counterfactuals play different roles at each level. Data
models do not support counterfactual inference. Causal models support counterfactual
inference, but their scope is ambiguous and they may or may not be robust in the sense of
being projectible into the situations that most interest us. Theory models do support
counterfactual inference, but their utility depends on how convincingly they can be linked
to causal models that are more easily studied in the data. Competing theory models are
the least easy to adjudicate.

Third, Lewis’s analysis of causation presupposes prior universal laws that
underwrite counterfactual judgments. Like Woodward (2003, p. 16 and ch. 6), I believe
that this gets things backwards. Laws (or in economics, theoretical models) are
abstractions from causal knowledge. In keeping with the piecemeal pragmatism
advocated above, we have better resources for knowing causal connections in the world
than we have for knowing universal laws. And causal structure is the key to the support
of counterfactual analysis.
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But, fourth, unlike Woodward who seeks to define the causal relationship with
reference to token counterfactual manipulations, I argue that the causal relationship is a
structural one, which is not defined by manipulations or interventions, but in fact map out
the implications of manipulations for observations. While I would turn Woodward’s
relationship between manipulation and cause on its head, my view still supports the idea
that manipulations or interventions can be an excellent tool for learning about casual
structure — just not for defining it. In particular, Woodward’s emphasis on manipulability
leads him to a modularity requirement — namely, that each cause be independently
manipulable with respect to other causes.

An Hlustration: Models and Causation

A requirement of modularity is problematic for econometric analysis and econometric
analysis suggests that it is not essential. An example, illustrates some of the issues. A
typical model of the connection of monetary policy to prices depends on a money supply
rule in which a policy parameter A governs the growth rate of (log) money (m,), which is
also hit by a random shock (&) outside of anyone’ control,

m=A+m_ +e
and (log) prices depend on money according to
p=m+al-0+v,

where V; 1s a random shock. (Subscripts index time, and ¢ and « are parameters.) This
model is the solution to a more complex theoretical model. The parameter A shows up in
the price equation because in the more complex model, agents incorporate an
understanding of the policy rule into their expectations of the future path of money.
Notice Two points: First, the relationship is nonmodular: an intervention that alters m
may do so by altering A, yet that necessarily alters p, but only in part because of the
change in m; it also alters the relationship between p and m in that the parameters of the
price equation change. Yet, in sense that can be made precise, it is evident that m causes
p despite the nonmodularity (Hoover 2001a, ch. 3). Second, ordinary econometric
estimation cannot identify the parameters of the price equation separately but can only
estimate their combination 4 - . Thus, any attempt systematically to control p using
m — which must change A — necessarily alters the functional form of the price equation
(i.e., alters a1 —¢& ) as well. This is an example of econometric non-invariance
stigmatized as the “Lucas critique” (Lucas 1976). The key point is that unless we can
separately identify the parameters in a4 -6 , then legitimate counterfactuals are not
possible. Lucas argued that large-scale macroeconometric models traded in unidentified
parameters that, in effect, left the causal structure hidden and, therefore, that they were
useless for policy analysis. This is closely related to the objections lodged against vector
autoregressions above, since the money-supply rule, together with the price equation with
al-45 treated as a single coefficient constitute a vector autoregression (i.e., a reduced
form of a structural dynamic system). Vector autoregressions suffer from the Lucas
critique and do not support counterfactual analysis.

Hoover, “Models and Causal Structure in Econometric Analysis” Project Description 12



Econometrics provides examples of non-modular, yet clearly causal, models,
suggesting that causal order should not presuppose modularity. But the lessons also run
from philosophy to econometrics. One response to the Lucas critique is to restrict the
analysis of policy analysis to “shocks” — that is, to unsystematic changes in the error
terms (& and ;) and tracing out their effects. These are, in fact, perfectly well-defined
counterfactuals and can be evaluated accurately within the structural vector
autoregression, because they present a way of altering m without altering 4. And they
may reveal some information about causal structure. But they are, what Cartwright
(2007, ch. ??) refers to as “impostor counterfactuals” — the counterfactual question that
they legitimately answer is not the counterfactual question that we wish to answer. The
central question about monetary policy is, what is the effect of a change in a systematic
policy? Raising A implies a systematic increase in the growth rate of money; but a shock
to & is the equivalent of the policymaker rolling the dice. It is a serious practical problem
that the answers to these impostor counterfactuals have actually been used to guide
policy. An important part of the problem in this case arises from a failure on the part of
econometricians to distinguish the data model — of which the vector autoregression is a
good candidate — from the causal model (see Demiralp and Hoover 2003; Demiralp,
Hoover, and Perez 2008; Hoover, Demiralp, and Perez 2009). An important element of
the proposed research is to understand and clarify the interrelationships among the levels
of models that support different sorts of counterfactual analysis.

5. Summary: Principal Research Problems

The goal of the current proposal is to investigate the philosophical foundations of
econometrics with respect to two of its most salient features: first, that economics is a
science of models and, second, that econometrics is distinguished from statistics
(implicitly or explicitly) in its object of isolating causal structure. There are four main
issues to be addressed:

1. The manner in which economic reality can be represented even quantitatively and
causally using models that view it from different perspectives and make different
claims in point of scope, focus, and precision. My starting point is the notion that,
despite vast differences, such perspectives might often be compatible in a manner
similar to Giere’s perspectival realism.

2. Econometric modeling, estimation, and policy analysis apparently presuppose a
hierarchy of models, roughly data (probability) models — causal models — theoretical
models (and perhaps more complicated than such a simple schema implies). The
architecture of the models and their interrelationships will be explored.

3. While admitting that models with different perspectives may be compatible (issue 1),
nonetheless the process of adjudicating models with genuinely competing claims is
central to econometric logic. When are claims genuinely in conflict? What should
decide between them? Here, the encompassing principle, which has been developed at
the level of data models, will be the starting point. What is its logic? And how does it
generalize to other levels of modeling?
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4. The fundamental use of econometric models is for policy analysis — counterfactual
inference. The central issue here is to develop the mutual illumination that
philosophical analysis of counterfactuals and econometric analysis of policy can
provide each other.
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have groups in economic methodology or philosophy of science with a demonstrated interest in
the problems of economics. No similarly focused programs exist in the United States, although
some groups devoted to philosophy of science more broadly are open to economics as a target
science.
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