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consumer surplus and median voter models. As
he reports in chapter 3, Christenson has em-
ployed the Jorgenson model in a practical fashion
to assess and design incentive based regulations
of public utilities.

Amidst recent volumes of Jorgenson's re-
search, this one alone focuses on his contribu-
tions as a mentor, teacher, and leader during 50
years in the economics profession.

FKANK C. WYKOFF
Pomona College

Causality: Models, Reasoning, and Inference. By
Judea Pearl. Cambridge, New York and
Melbourne: Cambridge University Press,
2000. Pp. xvi, 384. $39.95. ISBN 0-521-
77362-8. JEL 2000-0834
This book begins with a very appropriate quote

byAlbert_Einstein^"Deyelppment ofWesten^sci-
ence is based on two great achievements: Ae in-
vention of the formal logical system (in Euclidian
geometry) by the Greek philosophers, and the
discovery of the possibility to find out causal rela-
tionships by systematic experiment (during the
Renaissance)" (p. v). In light of the second part of
this quote, the book undertakes the important
task of developing a logic based mathematical
foundation for the analysis and exploration of
causal linkages among variables of interest to
practitioners in the physical, behavioral, social,
and biological sciences.

The way in which the author undertakes his
stated task is quite interesting, and in a way
somewhat novel to the literature, as much focus
is placed on formally laying out a philosophical
and mathematical foundation for understanding
causality, although a substantial effort at develop-
ing probabilistic and statistical tools with which
to carry out inference is also made. Much of this
groundwork is based on the use of'graph theory
and associated probabilistic analysis, andsfocus is
never far firom the notions of inferred causation,
causal diagrams, arid the use of structural models
and associated counterfactuals to uncover causal
orderings.

His use of graph theory, and in particular the
directed acyclic graph (DAG), should not be sur-
prising to the reader familiar with the literature
on artificial intelligence; a literature to which the
author of this book has made many important
contributions. In this literature, as in the book,
much focus is placed on providing an axiomatic

foundation from which systematic approaches to
inferring causal orderings can be derived. The ax-
iomatic foundation is based on notions such as
Occam's Razor (i.e., theories that survive well de-
signed selection processes are in some sense
minimal) and definitions of causal structure,
causal models, inferred causation, minimality,
and consistency, for example. All of this is done
by the end of chapter 2, culminating in the dis-
cussion of the so-called 1C (inductive causation)
algorithm for uncovering DAGs. This algorithm
is based on examining conditional independence
relations among variables in a causal structure. In
many cases, these conditional independence re-
lations can be viewed as partial correlations, for
example, and computer programs can (and have)
been written to uncover DAGs based on the use
of algorithms such as the 1C algorithm.

The book does much more than present algo-
rithm ftn^limieiive;^
related DAGs, however. The book also addresses
important and ageless issues of bi-directional
causality, structural and reduced form models, la-
tent variable models, identification, and temporal
ordering, to name but a few. In summary, chapter
1 introduces basic concepts of probability, graph
theory, and causal modeling. Chapter 2, as men-
tioned above, develops a theory of inferred cau-
sation. Chapter 3 continues by outlining many
important features of graphical causal analysis
such as controlling for spurious inference due to
missing variables and using die so-called "calcu-
lus of intervention," which allows us systemati-
cally to assess the impact of policy intervention,
for example.

In chapter 4, the main focus is on identifiabil-
ity of causal models, while chapter 5 discusses
the use of structural models and causality in the
social sciences and economics, with some em-
phasis being placed on the notions of contempo-
raneous correlation, partial correlation, and the
partial regression coefficient. However, discus-
sion does not include the economfe concepts of'
consistent estimation and generated regressors,
leaving open the issue of how to test for specific
DAG structures when using residuals from esti-
mated regression models, for instance. These
sorts of topics are left to the statistical literature
on causality, a literature that has flourished in
economics, and in particular in econometrics
(largely due to the seminal papers ofClive W. J.
Granger at the University of California, San
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Diego). Chapter 6 continues the important dis-
cussion of when causal models can be con-
founded, and introduces Simpson's Paradox, a
paradox which was discussed as far back as 1899
by Karl Pearson, who noted that, "To those who
persist in looking upon all correlation as cause
and effect, the fact that correlation can be pro-
duced between two quite uncorrelated charac-
ters A and B, by taking an artificial mixture of the
two closely allied races, must come as rather a
shock" (p. 176).

Chapter 7 elucidates with great detail the logic
of structure based counterfactuals, using policy
analysis in a two equation linear econometric
model as well as the notions of causal ordering
developed by Herbert Simon as vehicles for his
discussion. Chapters 8 and 9 continue to detail
the implementation of Pearl's refined methodol-
ogy of causal analysis, with much focus on the use
of conditional probabilistic statements and with
the help of numerous interesting examples. The
last chapter in the book, chapter 10, is an essay
that revisits all of the earlier arguments made for
formalizing causal analysis and makes numerous
interesting arguments about the very definition
of causality and what we think of as causality.
Finally, the epilogue to the book is the transcript
of a public lecture given on The Art and Science
of Cause and Effect." This is a fitting end to a
book that sets out to completely formalize our
notion of causality and to present us with a math-
ematical and probabilistic framework that allows
for practical implementation of causal analysis—
and which to some extent actually succeeds!

NORMAN R. SWANSON
Rutgers University

D Microeconomics
Bounded Rationality: The Adaptive Toolbox.

S^jted by Gerd Gigerenzer and Reinhard
Selten. Cambridge and London: MIT Press,
2Q01.J^p. xv, 377. $39,95. ISBN 0-262-
072K-9. JELS001-1307
Theories of bounded rationality are worse

than pornography, at least in one sense.
Pornography has been famously described as
something which you can't define but you know it
when you see it. I'm not sure that we know theo-
ries of bounded rationality when we see them.

While the literature on bounded rationality
grows at a rapidly accelerating pace, there ap-

pears to be little or no convergence toward an
agreed upon approach to the subject. One sees
approaches using decision theory, computer sci-
ence (both formal models of computation and
simulation-based ideas like genetic algorithms),
evolutionary models drawing from both biology
and evolutionary psychology, behavioral models,
learning models, etc. Not only is there no conver-
gence toward an agreed upon theory, there doesn't
even seem to be convergence on what such a the-
ory should look like.

This volume, the outgrowth of an interdiscipli-
nary workshop on the subject, gives a marvelous
introduction to one approach. At times, though,
it seems a bit dogmatic; the book's primary com-
ment on other approaches is that everyone else is
wrong. For some reason, Thomas Sargent's
Bounded Rationality in Macroeconomics comes
in for the most criticism. Ariel Rubinstein's
Modeling Bounded Rationality is not even cited,
nor are any behavioral theorists like Mathew
Rabin. In some cases, the critiques of other ap-
proaches are useful. I particularly enjoyed the
overview by Gigerenzer and Selten and the es-
says by Selten, Peter Todd, and Robert Boyd and
Peter Richerson. In other cases, the critiques are
poorly informed, poorly thought out, or simply
uninformative. Gary Klein's chapter was the most
troubling on this score.

The point I find particularly frustrating is the
insistence that a theory of bounded rationality
cannot involve any optimization. In their intro-
ductory essay, the editors refer to models they
term "optimization under constraints" as "incon-
sistent with our vision of bounded rationality"
(p. 4). Later, Selten comments that, "Boundedly
rational decision making necessarily involves
nonoptimizing procedures" (p. 16). I certainly
agree that real decision making fails to maximize
some simple expected utility functions. However,
it is a great leap to go from this statement to say-
ing that optimization cannot be part of a model of
bounded rationality. —

To the contrary, I see much of the material pre-
sented in the book as supporting the notion that
optimization may be a useful tool in the study of
bounded rationality. In numerous places, the ar-
gument is made that humans use a particular de-
cision making procedure because it is easier and
works well in the environments humans are gen-
erally in. To me, this sounds a heck of a lot
like saying that these procedures are (at least
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