
time series analysis, cellular automata, lat- 

B O O K S :  M A T H E M A T I C S  tice gases, and state-space reconstructions 
will help readers model complex realities. 

Gershenfeld presents his overview of Representing the in a modeling through a series of problems in 
Brian Sleeman which he describes methods and how 

each should be applied. To keep his text 

T o grasp the essence of mathematical complexity. Another approach would be to concise, he focuses on the underlying 
modeling one must begin with a try to copy the flight characteristics with- concepts and leaves refinements to a 
problem or an observation. The prob- out recourse to the equations of aerody- challenging series of problem sets. He 

lem can be a well-defined physical ques- namics. In other words, one might develop hopes that readers will work through 
tion requiring a mathematical solution. a sort of mathematical flight simulator. these sets because he believes "the study 
For example, one might wish to determine But what mathematics to use? Alternative- of modeling is inseparable from the 

the flow of water ly, one could attempt to assess the impor- practice of modeling." The included so- 
around a sphere tant observable characteristics of paper air- lutions focus on developing and extend- 
placed in a stream plane flight and thus arrive at an "approxi- ing the various models. Gershenfeld also 
of finite depth. In a mate" (reasonably accurate) mathematical provides an excellent series of references 
sense the modeling description. Again, what mathematics for readers wishing to develop a deeper 
aspect of such prob- should be used? understanding of the topics covered. 
lems is minimal. In a compact but accessible manner, The Nature of Mathematical Modeling 
Fluid mechanics Gershenfeld offers a wide-ranging over- is a great compendium of techniques. It 
provides the govern- view of mathematical ideas and tech- should be kept within easy reach of any- 
ing equations. After niques that provide a number of effective one who wants to build computer models 
one specifies the approaches to problem solving. These in- to help understand the world around us. 

correct flow conditions around the sphere, clude traditional concepts such as the ana- 
on the stream bed, and at the free surface, lytical use of differential equations and B  0 0 K  S  : N E U R 0 S C l E N C E 
one's mathematical skills are applied to variational principles (which state prob- 
solve the equations and thus determine the lems in terms of an unknown function that Themes of Thought 
flow characteristics of the water. If one is makes an integral take on an extremum) 
lucky, an analytical solution may be ob- and classical numerical models including 
tained. But this will likely be a formidable Runge-Kutta approximations and finite el- 

and Thinking 
task, and even if a solution is found it may ement methods. In a more modern vogue, C. R. Gallistel 
not be easily interpreted in physical terms. Gershenfeld provides a taste of Fourier 
An alternative approach would be to use transforms, wavelets (families of orthogo- F 

or his compilation, Robert Sternberg 
a computationally efficient numerical nal transformations that generalize Fourier persuaded a number of cognitive psy- 
method to obtain a graphical solution. Or transforms), and methods such as simulat- chologists to write essays on enduring 
one might model the flow with a cellular ed annealing and genetic algorithms for conceptual themes in the study of cogni- 
automata, which simulates the behavior of parameter optimization. tion. He has organized the contributions 
a set of connected parcels of fluid. These Although these techniques have tradi- into five sections: philosophical and psy- 
various approaches are among the tech- tionally been, and continue to be, of great chological foundations, representation and 
niques that Neil Gershenfeld, head of the importance in mathematical modeling, process, methodology, kinds of cognition, 
physics and media group at MIT's Media they are not always adequate for coping and group and individual differences. The 
Lab, describes concisely in The Nature of with problems of current scientific inter- volume is intended 
Mathematical Modeling. est. Over the last two decades, we have for the advanced 

What Gershenfeld really has in mind realized that we do not inhabit a comfort- undergraduate and 
are not the formalized problems described able deterministic world, one in which the graduate stu- 
above, but more intriguing and open-ended events and predictions are based on se- dent, but many es- 
puzzles: "How would you describe the cure initial states and conditions with says in it can be 
flickering of a flame?. . . Highway traffic well-defined outcomes. More commonly, profitably read by 
during a rush hour?. . . The flight of a pa- phenomena depend on imprecise "noisy" the scientifically 
per airplane?" data and outcomes are far from pre- literate reader. A 

Problems such as these are simultane- dictable. This is clearly the case in pre- not always success- 
ously imprecise and challenging, and they dicting weather or the behavior of stock ful attempt is made 

aerodynamics of flight and then apply it to display chaotic and random outcomes. 

can be approached from several directions. markets, but even the bouncing of a ten- to give individual chapters and the book as 
To describe the flight of a paper airplane, nis ball or the cueing of a billiard ball are a whole a dialectical structure. The chap- 
for example, should one first study the not really deterministic: over time, they ters are essays, not reviews. Their coher- 

ence and personal flavor make the book 
the paper glider? Here there are questions Another important aspect that Ger- much more suitable for students than a 
of lift, drag, aspect ratios, wing geometry, shenfeld addresses is the decision between collection of reviews of the recent litera- 
and wind conditions. These and other con- discrete and continuum approaches to ture on standard topics. 
siderations produce a frightening degree of modeling events. For example, in a bio- 

logical model when should one shift the 
consideration from individual cells to cell The is in the Ps~chO1Og~,  
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matics, University of Leeds, Woodhouse Lane, Leeds, densities? His the purposes Los Angeles, CA 90095-1563, USA. E-mail: 
LSZ 9JT, UK. E-mail: bds@amsta.leeds.ac.uk and capabilities of techniques such as randy@psych.ucla.edu 

6 AUGUST 1999 VOL 285 SCIENCE www.sciencemag.org 



SCIENCE'S COMPASS 

The opening section lays the ground- 
work for later chapters. Earl Hunt out- 
lines the basics of a computational theory 
of mind, the mind-body problem, and lev- 
els of analysis. Robert Sternberg surveys 
contrasting views on the nature of mind 
in Western thought, beginning with the 
Greeks and finishing with the cognitive 
revolution. He defines cognitivism as 
"the belief that much of human behavior 
can be understood if we understand first 
how people think." This is an unwarrant- 
edly anthropocentric conception. It miss- 
es the essential feature of the cognitive 
revolution, which was the emergence of 
computational (information processing) 
theories of mind and experimental meth- 
ods for testing them. For example, Saul 
Sternberg revived the use of differences 
in reaction time to determine the duration 
of individual information processing op- 
erations, and George Sperling showed 
how to measure the duration of the infor- 
mation-carrying signals at early stages. 
Roger Shepard then demonstrated that 
these techniques could be used to deter- 
mine properties of such heretofore elu- 
sive processes as the rotation of mental 
images. 

Part I1 begins with Timothy McNama- 
ra's even-handed treatment of the debate 
about propositional versus analogical 
representations. Proponents of the propo- 
sitional view argue that the brain repre- 
sents everything by propositions with a 
discrete structure, like the structure of a 
sentence or a line of computer code. 
Champions of the analogical view argue 
that some forms of knowledge, such as 
spatial knowledge, are represented in an 
analog form, like the form of a conven- 
tional map. 

The following chapter is, for this re- 
viewer, an unsatisfactory treatment of the 
problem of domain-general versus do- 
main-specific processes. Its authors, Pe- 
ter Frensch and Axel Buchner, argue that 
"central to any [domain-general versus 
domain-specific] debate is the question 
of how widely applicable a particular 
theoretical statement or empirical find- 
ing is. Thus, for instance, the empirical 
phenomenon of negative priming with 
pictorial material ... triggers the question 
of whether the same results can be ob- 
tained with letters." Formulating the dis- 
pute this way makes it hard for the stu- 
dent to see that the debate is a continua- 
tion of the rationalist-empiricist debate. 
The central issues are (i) how much prob- 
lem-specific structure is built into the in- 
formation processing that the brain brings 
to experience in a given domain and (ii) 
what principles about the sources of the 
data are implicit in that built-in structure. 

Connectionist modelers (modern-day em- 
piricists) try to minimize the amount of 
problem-specific structure built into their 
learning systems, letting the system dis- 
cover the structure of the problem. In con- 
trast, most researchers in language acqui- 
sition agree to varying extents with Noam 
Chomsky's contention that a device capa- 
ble of learning a human language must 
have a universal grammar built into it that 
specifies the numerous and important 
characteristics universal in human lan- 
guages. This problem-specific structure, 
they argue, is what makes learning possi- 
ble. Rochel Gelman, Elizabeth Spelke, 
Susan Carey, and Renee Baillargeon have 
extended this argument to many aspects of 
cognitive development. 

Patricia Carpenter and Marcel Just 
open the section on methodologies with a 
discussion of computational modeling, 
which they contrast with the hypothesis 
testing approach. As they seem to recog- 
nize, this contrast is something of a 
stretch; the two approaches hardly consti- 
tute a thesis and an antithesis. A later 
chapter by Elizabeth Phelps considers 
brain versus behavioral studies of cogni- 
tion; this seems an even odder contrast. An 
analysis at the behavioral level lays the 
foundation for an analysis at the neural 
level. Without this foundation, there can 
be no meaningful contribution from the 

neural level. It is hard to see how these dif- 
ferent levels of analysis can be construed 
as alternate routes to the same goal. 

One might expect domain specificity 
to come to the fore in the section on 
kinds of cognition-with chapters treat- 
ing numerical cognition or spatial cogni- 
tion, for example. But what is in fact dis- 
cussed in this section are several standard 
processing dichotomies: implicit versus 
explicit learning (by Reber et al.), short- 
versus long-term memory (by Engle and 
Oransky), rational versus arational judg- 
ments and decisions (by Sloman), formal 
rules versus mental models (by Johnson- 
Laird), and cognition versus metacogni- 
tion (by Nelson). Dennis Proffitt opens 
this section with a consideration of infer- 
ential versus ecological approaches to 
perception. Although here there is a true 
thesis and antithesis, why this chapter be- 
longs in a section devoted to kinds of 
cognition is unclear. 

The Nature of Cognition is not a text- 
book, but it would make an excellent sec- 
ondary source of readings in an upper di- 
vision or graduate level introduction to 
cognitive psychology. For some instruc- 
tors, it would probably be satisfactory as 
the primary textbook. Its value to the field 
in general is more limited, because few of 
the essays break new ground. This is not 
surprising given its didactic purpose. 
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