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The topic of this book, the develop- 
ment of number concepts, has been an 
important one in developmental psychol- 
ogy. The approach to the subject that has 
predominated in recent years is the Pia- 
getian. Piagetian theory revolves around 
the presence (or absence) of certain logi- 
cal operations that develop in the 6- to 
12-year range. Piagetians characterize 
the number (and other) behavior of 
younger children primarily in terms of 
what the children cannot do. Such chil- 
dren are referred to as "preoperational": 
they are at a stage of development that 
precedes the concrete-operational stage 
in which they will be able to perform the 
various kinds of operations that form the 
core of the Piagetian theoretical and 
measurement apparatus. Consider, for 
example, conservation ability. Suppose 
a preoperational child is presented with 
two rows of toys each of which contains 
five toys. In one row the toys are spaced 
one inch apart; in the other they are 
spaced two inches apart. The child will 
fail to "conserve quantity" and will state 
that the row with the toys spaced farther 
apart contains more toys than the other 
row. 

The authors of the present book be- 
lieve that the cognitive capacities of so- 
called preoperational children have been 
underestimated, and they set out to dis- 
cover what such children can do. The 
emphasis in their approach is upon un- 
derstanding the representations, pro- 
cesses, and strategies that constitute 
number ability. The authors indeed show 
that three-year-olds and even some two- 
year-olds have rudimentary counting 
abilities that they can use in simple 
counting tasks. 

Another difference worth noting be- 
tween the approaches of Piaget and of 
Gelman and Gallistel is a methodological 
one: whereas the approach of Piaget and 
his co-workers tends to be clinical, based 
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upon rather informal observations of 
very small numbers of children, Gelman 
and Gallistel's is basically experimental, 
relying upon larger numbers of subjects 
in carefully controlled experiments- 
though they also make astute use of ob- 
servation to supplement the findings 
gleaned from experiments. 

Underlying Gelman and Gallistel's re- 
search is a set of five principles, mastery 
of which they consider to underlie the 
ability to count. 

1) The one-one principle. A distinct 
tag must be assigned to each object in an 
array, and only one tag may be assigned 
to each object. (The authors emphasize 
that these tags need not be conventional 
numerals. They take as evidence of mas- 
tery of the principle in particular, and of 
counting in general, the assignment by 
young children of letters of the alphabet 
to successive objects. Satisfaction of the 
principle does not even require that the 
letters or numbers be assigned in con- 
ventional order, so long as the assign- 
ment of tags to objects is unique.) 

2) The stable-order principle. The tags 
must be arranged in a stable (repeatable) 
order, and the number of tags must be as 
large as the number of objects in the ar- 
ray. 

3) The cardinality principle. The tag 
applied to the final object in an array 
must represent the number of objects in 
that array. (This principle involves rec- 
ognition of a special property of the last 
tag used, namely that this tag represents 
the cardinality of the array of objects.) 

4) The abstraction principle. The pre- 
ceding principles can be applied to any 
array or collection of entities, whether 
physical or nonphysical. (The impor- 
tance of this principle lies in the inability 
of very young children to recognize that 
nonphysical entities, such as the number 
of minds in a room, can be counted in the 
same way that physical entities can be 
counted. As the authors also point out, 
very young children often do not recog- 
nize the possibility of counting together 
members of ludicrous sets, such as the 
set of all minds and all chairs in a room.) 

5) The order-irrelevance principle. 
The order in which objects in an array 
are tagged is irrelevant to the number of 
objects in the array. 

These principles are not proposed as 
unitary processes or components of per- 
formance. Rather, acquisition and utili- 
zation of each principle is alleged to con- 
sist of several component processes, for 
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example, children's ability to apply the 
first three, "how-to-count," principles, is 
a function of set size. The authors con- 
clude that many two- and three-year olds 
cannot count reliably beyond three or 
four. Nevertheless, the children show 
some differentiation among higher quan- 
tities in making absolute judgments 
about them. Finally, abilities to apply the 
various principles are not fully indepen- 
dent. Application of the cardinality prin- 
ciple, for example, presupposes success- 
ful application of the one-one and stable- 
order principles. 

The first three chapters of Gelman and 
Gallistel's book deal with some general 
issues in developmental metatheory and 
methodology. To a general reader or a 
developmental psychologist whose inter- 
est is not in number concepts per se, 
these chapters may be the most valuable 
ones in the book. They are clearly writ- 
ten and deal with some key issues in de- 
velopmental research. They contain, for 
example, a discussion of the unfortunate 
tendency to characterize preschoolers in 
terms of what they cannot rather than 
what they can do; a discussion of the fail- 
ure of the task-centered approach to psy- 
chology, in which research becomes a 
study of tasks rather than of the psycho- 
logical structures and processes used in 
their performance; and a discussion of 
the role of training studies in psychologi- 
cal research. Although some of the 
points the authors make have been made 
elsewhere in the psychological literature, 
they seem to be quickly forgotten and 
need to be stated and restated. I recom- 
mend this first set of chapters to anyone 
interested in conducting developmental 
research. 

Chapters 4 through 10 and chapter 12 
of the book present the basic theoretical 
framework, methodologies, and results 
of research on number concepts. Al- 
though theory and data from a variety of 
sources find their way into the presenta- 
tion, the overwhelming emphasis in 
these chapters is upon the Gelman re- 
search program of the last decade. De- 
spite their sometimes technical content, 
these chapters are lucid and usually easy 
to follow. 

The approach of chapter 11 seems at 
times to be at variance with that of the 
rest of the book. Whereas the other 
chapters subordinate mathematical for- 
malisms to psychological ones, this 
chapter seems to do the reverse. Al- 
though interesting and edifying, it seems 
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times to be at variance with that of the 
rest of the book. Whereas the other 
chapters subordinate mathematical for- 
malisms to psychological ones, this 
chapter seems to do the reverse. Al- 
though interesting and edifying, it seems 
more like a lesson in formal mathemati- 
cal theory than like one in psychological 
theory. The book concludes with a con- 
cise (three pages) summary of most of 
the major points. 
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On the whole, I found this book to be 
an excellent one. I will mention a few 
reservations, however. 

First, some more detailed, if specula- 
tive, discussion of the role of early num- 
ber concepts in later quantitative con- 
cepts would have been helpful. For ex- 
ample, do individual differences in older 
children's and adults' quantitative abili- 
ties derive from individual differences 
earlier on in the understanding and appli- 
cation of the principles suggested by Gel- 
man and Gallistel, or must the source of 
variance in the performance of older in- 
dividuals be sought elsewhere? 

Second, the book does not make clear 
just what the psychological status of the 
principles is. Why, for instance, do the 
elementary component processes (a sep- 
arate listing of which would have been 
helpful) combine into these particular 
principles and no others? Are these par- 
ticular principles psychologically or 
arithmetically "natural" in some sense 
that other principles would not be? Is 
their existence something to be assumed 
or something to be proven? Further, 
what exactly does partial attainment of a 
principle mean? Is there some set of 
more elementary principles that are at- 
tained in an all-or-nothing manner? 
These and other such questions could 
have been addressed more fully. 

Third, whereas Piagetian theory may 
ascribe too little to the preoperational 
child, I am concerned that Gelman and 
Gallistel are sometimes willing to ascribe 
a bit too much. In some cases, I would 
have preferred more stringent demon- 
strations of particular forms of compe- 
tence or inferred performance. For ex- 
ample, the authors propose four criteria 
for satisfying the cardinality principle 
(pp. 95-96): (i) "the child counted (cor- 
rectly or incorrectly) the number of 
items in the array and repeated the last 
tag: for example, 'two, sixteen; six- 
teen" ; (ii) "the repetition of the last tag 
was sometimes given emphatic stress"; 
(iii) the child assigned number words "to 
each of the items in the set on one trial, 
for example 'one, two, three,' and 
shifted to a simple indication of numer- 
osity of the same set without overt 
counting on a later trial"; (iv) the child 
"assigned the correct value to the set 
without counting aloud." These criteria 
are formulated in a somewhat less re- 
strictive way than I might have chosen. 
My major concern, however, is with the 
fact that the authors judged a child to 
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fact that the authors judged a child to 
have mastered the cardinality principle if 
he or she met just one of them. In fact, 
table 8.3 suggests that satisfaction of the 
criteria was by no means all-or-none. In 
this and other cases, I would have been 
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more comfortable with a requirement for 
satisfaction of at least two criteria, or at 
least more detailed presentation of the 
number of children satisfying each crite- 
rion so that the reader could make up his 
or her own mind regarding satisfaction of 
the various principles. 

Fourth and finally, I am concerned 
that this research, like virtually all pio- 
neering research on psychological phe- 
nomena, relies too heavily upon formal 
systems that do not correspond to psy- 
chological reality. The authors note that 
they "compare the preschooler's arith- 
metic principles to the modern formal 
system of arithmetic in order to highlight 
various aspects of the preschooler's 
principles. The modern formalism is the 
only available backdrop, because no 
one, so far as we know, has formalized 
what might be called the layman's sys- 
tem of arithmetic" (p. 180). 

In the history of psychological re- 
search such formalisms have often 
turned out to be red herrings. In research 
on propositional and syllogistic reason- 
ing, for example, significant progress 
seems to have been made only after the 
principles of formal logic were dropped 
as bases for the laws of thought. In the 
quantitative domain, the research of 
Tversky and Kahneman on probabilistic 
and statistical reasoning in adults was 
striking in part because adults seem not 
to reason according to any accepted 
principles of probability and statistics. 
Thus, at least one goal for the next dec- 
ade of research seems to emerge from 
the research of Gelman and others. The 
need now is for the missing character- 
ization of the "layman's system of arith- 
metic," and for a similar character- 
ization for children of different ages. 

ROBERT J. STERNBERG 
Department of Psychology, 
Yale University, 
New Haven, Connecticut 06520 

Books Received 

Adolescent Boys in High School. A Psycho- 
logical Study of Coping and Adaptation. 
James G. Kelly, Ed. Erlbaum, Hillsdale, 
N.J., 1979 (distributor, Halsted [Wiley], New 
York). xvi, 268 pp. $16.50. 

Biotechnology in Energy Production and 
Conservation. Proceedings of a symposium, 
Gatlinburg, Tenn., May 1978. Charles D. 
Scott, Ed. Interscience (Wiley), New York, 
1979. vi, 514 pp., illus. Paper, $25. Biotech- 
nology and Bioengineering Symposium, No. 

more comfortable with a requirement for 
satisfaction of at least two criteria, or at 
least more detailed presentation of the 
number of children satisfying each crite- 
rion so that the reader could make up his 
or her own mind regarding satisfaction of 
the various principles. 

Fourth and finally, I am concerned 
that this research, like virtually all pio- 
neering research on psychological phe- 
nomena, relies too heavily upon formal 
systems that do not correspond to psy- 
chological reality. The authors note that 
they "compare the preschooler's arith- 
metic principles to the modern formal 
system of arithmetic in order to highlight 
various aspects of the preschooler's 
principles. The modern formalism is the 
only available backdrop, because no 
one, so far as we know, has formalized 
what might be called the layman's sys- 
tem of arithmetic" (p. 180). 

In the history of psychological re- 
search such formalisms have often 
turned out to be red herrings. In research 
on propositional and syllogistic reason- 
ing, for example, significant progress 
seems to have been made only after the 
principles of formal logic were dropped 
as bases for the laws of thought. In the 
quantitative domain, the research of 
Tversky and Kahneman on probabilistic 
and statistical reasoning in adults was 
striking in part because adults seem not 
to reason according to any accepted 
principles of probability and statistics. 
Thus, at least one goal for the next dec- 
ade of research seems to emerge from 
the research of Gelman and others. The 
need now is for the missing character- 
ization of the "layman's system of arith- 
metic," and for a similar character- 
ization for children of different ages. 

ROBERT J. STERNBERG 
Department of Psychology, 
Yale University, 
New Haven, Connecticut 06520 

Books Received 

Adolescent Boys in High School. A Psycho- 
logical Study of Coping and Adaptation. 
James G. Kelly, Ed. Erlbaum, Hillsdale, 
N.J., 1979 (distributor, Halsted [Wiley], New 
York). xvi, 268 pp. $16.50. 

Biotechnology in Energy Production and 
Conservation. Proceedings of a symposium, 
Gatlinburg, Tenn., May 1978. Charles D. 
Scott, Ed. Interscience (Wiley), New York, 
1979. vi, 514 pp., illus. Paper, $25. Biotech- 
nology and Bioengineering Symposium, No. 
8. 

Catalytic Hydrogenation in Organic Syn- 
theses. Paul Rylander. Academic Press, New 
York, 1979. x, 326 pp., illus. $34. 

Defense and Recognition II. E. S. Lennox, 
Ed. University Park Press, Baltimore, 1979. 

8. 
Catalytic Hydrogenation in Organic Syn- 

theses. Paul Rylander. Academic Press, New 
York, 1979. x, 326 pp., illus. $34. 

Defense and Recognition II. E. S. Lennox, 
Ed. University Park Press, Baltimore, 1979. 

Two volumes. Part A, Structural Aspects. x, 
222 pp., illus. $29.50. Part B, Cellular As- 
pects. x, 278 pp. $29.50. International Review 
of Biochemistry, vols. 22 and 23. 

The Effects of Psychotherapy. Vol. 1. Mi- 
chael J. Lambert. Eden Press, St. Albans, 
Vt., 1979. x, 158 pp. $20. Annual Research 
Reviews. 

Electricity and Man. (Medical Application 
and Hazards.) V. Manoilov. Translated from 
the Russian edition (1975) by George Kittell. 
Mir Publishers, Moscow, 1978 (U.S. distrib- 
utor, Imported Publications, Chicago). 160 
pp., illus. Paper, $2.50. 

Fundamentals of Analytical Flame Spectros- 
copy. C. Th. J. Alkemade and R. Herrmann. 
Translated from the German by R. Auerbach 
and Paul T. Gilbert, Jr. Halsted (Wiley), New 
York, 1979. xii, 442 pp., illus. $64.95. 

Gas Phase Ion Chemistry. Vol. 2. Michael 
T. Bowers, Ed. Academic Press, New York, 
1979. xvi, 346 pp., illus. $38. 

Issues in Instructional Systems Development. 
Harold F. O'Neil, Jr., Ed. Academic Press, 
New York, 1979. xii, 212 pp. $17.50. The Ed- 
ucational Technology Series. 

Limits of Scientific Inquiry. Gerald Holton 
and Robert S. Morison, Eds. Norton, New 
York, 1979. xviii, 254 pp. Cloth, $15; paper, 
$3.95. Originally published as vol. 107, No. 2, 
of the Proceedings of the American Academy 
of Arts and Science. 

Monte Carlo Methods in Statistical Physics. 
K. Binder, Ed. Springer-Verlag. New York, 
1979, xvi, 378 pp., illus. $32. Topics in Current 
Physics, vol. 7. 

Narcotic Plants. William Emboden. Mac- 
millan, New York, ed. 2, 1979. xviii, 206 pp., 
illus. + plates. $15.95. 

Optimization and Approximation. W. 
Krabs. Translated from the German edition. 
Wiley-Interscience, New York, 1979. xii, 220 
pp. $28.95. 

Public Personnel Systems. Robert D. Lee, 
Jr. University Park Press, Baltimore, 1979. 
xxii, 434 pp. $19.95. 

Public Policy and Chronic Disease. A Forum 
Sponsored by the National Arthritis Advisory 
Board. Sept. 1978. National Institutes of 
Health, Bethesda, Md., 1979. x, 122 pp., illus. 
Paper. NIH Publication No. 79-1896. 

Recent Advances in Acupuncture Research. 
Frederick F. Kao and John J. Kao, Eds. Insti- 
tute for Advanced Research in Asian Science 
and Medicine, Garden City, N.Y., 1979. xvi, 
788 pp., illus. $75. 

Syntax and Semantics. Vol. 10, Selections 
from the Third Groningen Round Table. June 
1976. Frank Heny and Helmut S. Schnelle, 
Eds. Academic Press, New York, 1979. xii, 
382 pp., illus. $35. 

Technological Progress in Latin America. 
The Prospects for Overcoming Dependency. 
James H. Street and Dilmus D. James, Eds. 
Westview Press, Boulder, Colo., 1979. xxii, 
258 pp. $20. Westview Special Studies on Lat- 
in America and the Caribbean. 

A Textbook of Physical Chemistry. Arthur 
W. Adamson. Academic Press, New York, 
ed. 2, 1979. xxviii, 954 pp., illus. + index. 
$22.95. 

Women Physicians of the World. Autobiog- 
raphies of Medical Pioneers. Leone McGreg- 
or Hellstedt, Ed. Hemisphere, Washington, 
D.C., and McGraw-Hill, New York, 1978. 

Two volumes. Part A, Structural Aspects. x, 
222 pp., illus. $29.50. Part B, Cellular As- 
pects. x, 278 pp. $29.50. International Review 
of Biochemistry, vols. 22 and 23. 

The Effects of Psychotherapy. Vol. 1. Mi- 
chael J. Lambert. Eden Press, St. Albans, 
Vt., 1979. x, 158 pp. $20. Annual Research 
Reviews. 

Electricity and Man. (Medical Application 
and Hazards.) V. Manoilov. Translated from 
the Russian edition (1975) by George Kittell. 
Mir Publishers, Moscow, 1978 (U.S. distrib- 
utor, Imported Publications, Chicago). 160 
pp., illus. Paper, $2.50. 

Fundamentals of Analytical Flame Spectros- 
copy. C. Th. J. Alkemade and R. Herrmann. 
Translated from the German by R. Auerbach 
and Paul T. Gilbert, Jr. Halsted (Wiley), New 
York, 1979. xii, 442 pp., illus. $64.95. 

Gas Phase Ion Chemistry. Vol. 2. Michael 
T. Bowers, Ed. Academic Press, New York, 
1979. xvi, 346 pp., illus. $38. 

Issues in Instructional Systems Development. 
Harold F. O'Neil, Jr., Ed. Academic Press, 
New York, 1979. xii, 212 pp. $17.50. The Ed- 
ucational Technology Series. 

Limits of Scientific Inquiry. Gerald Holton 
and Robert S. Morison, Eds. Norton, New 
York, 1979. xviii, 254 pp. Cloth, $15; paper, 
$3.95. Originally published as vol. 107, No. 2, 
of the Proceedings of the American Academy 
of Arts and Science. 

Monte Carlo Methods in Statistical Physics. 
K. Binder, Ed. Springer-Verlag. New York, 
1979, xvi, 378 pp., illus. $32. Topics in Current 
Physics, vol. 7. 

Narcotic Plants. William Emboden. Mac- 
millan, New York, ed. 2, 1979. xviii, 206 pp., 
illus. + plates. $15.95. 

Optimization and Approximation. W. 
Krabs. Translated from the German edition. 
Wiley-Interscience, New York, 1979. xii, 220 
pp. $28.95. 

Public Personnel Systems. Robert D. Lee, 
Jr. University Park Press, Baltimore, 1979. 
xxii, 434 pp. $19.95. 

Public Policy and Chronic Disease. A Forum 
Sponsored by the National Arthritis Advisory 
Board. Sept. 1978. National Institutes of 
Health, Bethesda, Md., 1979. x, 122 pp., illus. 
Paper. NIH Publication No. 79-1896. 

Recent Advances in Acupuncture Research. 
Frederick F. Kao and John J. Kao, Eds. Insti- 
tute for Advanced Research in Asian Science 
and Medicine, Garden City, N.Y., 1979. xvi, 
788 pp., illus. $75. 

Syntax and Semantics. Vol. 10, Selections 
from the Third Groningen Round Table. June 
1976. Frank Heny and Helmut S. Schnelle, 
Eds. Academic Press, New York, 1979. xii, 
382 pp., illus. $35. 

Technological Progress in Latin America. 
The Prospects for Overcoming Dependency. 
James H. Street and Dilmus D. James, Eds. 
Westview Press, Boulder, Colo., 1979. xxii, 
258 pp. $20. Westview Special Studies on Lat- 
in America and the Caribbean. 

A Textbook of Physical Chemistry. Arthur 
W. Adamson. Academic Press, New York, 
ed. 2, 1979. xxviii, 954 pp., illus. + index. 
$22.95. 

Women Physicians of the World. Autobiog- 
raphies of Medical Pioneers. Leone McGreg- 
or Hellstedt, Ed. Hemisphere, Washington, 
D.C., and McGraw-Hill, New York, 1978. 
xviii, 420 pp., illus. $24.50. 

The World Copper Industry. Structure and 
Economic Analysis. Raymond F. Mikesell. 
Published for Resources for the Future by 
Johns Hopkins University Press, Baltimore, 
1979. xviii, 394 pp. Cloth, $24; paper, $10.95. 

SCIENCE, VOL. 208 

xviii, 420 pp., illus. $24.50. 
The World Copper Industry. Structure and 

Economic Analysis. Raymond F. Mikesell. 
Published for Resources for the Future by 
Johns Hopkins University Press, Baltimore, 
1979. xviii, 394 pp. Cloth, $24; paper, $10.95. 

SCIENCE, VOL. 208 


	Article Contents
	p.47
	p.48

	Issue Table of Contents
	Science, Vol. 208, No. 4439, Apr. 4, 1980
	Front Matter [pp.1-8]
	Letters
	Mercury in the Ocean [p.6]
	Centennial ``Fireworks'' [p.6]
	An Unpublished Reply [p.6]

	Zero--What Does it Mean? [p.7]
	Strong Stellar Winds [pp.9-17]
	Potato Protoplasts in Crop Improvement [pp.17-24]
	Automated Information Retrieval in Science and Technology [pp.25-30]
	Materials Science [p.30]
	News and Comment
	Supreme Court Hears Argument on Patenting Life Forms [pp.31-32]
	The Osage Oil Cover-Up [pp.32-35]
	Carter Creates a Sinewy NRC [p.34]
	Is Science and Engineering Training Adequate? [pp.35-36]

	Briefing
	High-Tech Sales to U.S.S.R. Further Reduced [pp.36-37]
	What is Siberian Ulcer doing in Sverdlovsk? [p.37]
	Psychiatrists Study Three-Mile Trauma [p.37]

	Research News
	Coastal Upwelling: Physical Factors Feed Fish [pp.38-40]

	AAAS News
	Pere Village Remembers Margaret Mead [pp.41-42]
	Chile Hosts Arid Lands Congress [p.42]
	Fifth Annual R&D Public Policy Colloquium [pp.42-43]
	AAAS Begins Nutrition Fellowship [p.43]
	Science in Sri Lanka [p.43]
	Obituaries [p.43]

	Book Reviews
	Birds of Prey [pp.44-45]
	Population Biology [pp.45-46]
	Volcanoes [pp.46-47]
	Capacities of Young Children [pp.47-48]

	Reports
	Lunar Magnetic Anomalies and Surface Optical Properties [pp.49-51]
	Is the Sun Shrinking? [pp.51-53]
	Magnetic Field of a Nerve Impulse: First Measurements [pp.53-55]
	Localization of Lysyl Oxidase in Hen Oviduct: Implications in Egg Shell Membrane Formation and Composition [pp.55-56]
	Nucleotide Sequence of Human Preproinsulin Complementary DNA [pp.57-59]
	Role of the Spleen in the Growth of a Murine B Cell Leukemia [pp.59-61]
	Bone Cancer from Radium: Canine Dose Response Explains Data for Mice and Humans [pp.61-64]
	Diphenylhydantoin: Pre-And Postnatal Administration Alters Diazepam Binding in Developing Rat Cerebral Cortex [pp.64-66]
	Glucan-Induced Modification of Murine Viral Hepatitis [pp.67-69]
	Bronchial Bifurcations and Respiratory Mass Transport [pp.69-71]
	Absence of Cross-Tolerance to Heroin in Morphine-Tolerant Mice [pp.72-74]
	Formamidine Pesticides: Octopamine-Like Actions in a Firefly [pp.74-76]
	Serotonin and Octopamine Produce Opposite Postures in Lobsters [pp.76-79]

	Back Matter [pp.48-92]





