suming that different aspects of under-
standing of time are more closely related
than, say, understanding of how to infer
temporal duration and how to do arith-
metic problems. Second, and related, at
what level can we most profitably model
conceptual understanding? The chapters
in this volume include a few promising
leads in this direction. For example,
Bullock, Gelman, and Baillargeon divide
children’s knowledge into the principles
that define understanding, the stimulus
relations such as contiguity that suggest
likely connections, and the knowledge
about objects and events that inform us
as to the plausibility of possible causal
connections. Presumably each type of
understanding would need to be included

in a comprehensive model of conceptual
knowledge. At present, however, these
promising leads remain just that. None
of the contributions in the book provide
detailed models that integrate different
aspects of understanding of time. Few
authors even present detailed models of
understanding of individual aspects of
time. The Developmental Psychology of
Time documents the progress that has
been made in describing children’s con-
ceptual understanding since Piaget’s ini-
tial efforts. It also documents the tasks
that still remain.

ROBERT S. SIEGLER
Department of Psychology,
Carnegie-Mellon University,
Pittsburgh, Pennsylvania 15213

Life in the Universe

Extraterrestrials: Where Are They? Papers
from a symposium, College Park, Md., Nov.
1979. MicHAeL H: HAaArT and BEN
ZuckerMAN, Eds. Pergamon, New York,
1982. x, 182 pp., illus. Cloth, $22.50; paper,
$9.50.

The pendulum of opinion on the prob-
ability of extraterrestrial life has swung
several times. Classical civilization was
willing to populate the moon and other
heavenly bodies. But medieval views of
the earth as the only material object in
the universe rendered the question rath-
er moot. The Copernican revolution led
to acceptance of the reality of other
planets, also to very widespread belief in
life on them—for some early astrono-
mers, even on.the sun. This wave crest-
ed with Percival Lowell’s claims around
1900 to have found evidence of intelli-
gent life on Mars. Furthermore, in the
19th century Laplace’s nebular hypothe-
sis of solar system formation led to the
supposition that other stars probably had
planetary systems and hence could be
havens for life.

The first major counterattack came
around the turn of the century. The
nebular hypothesis in its primitive form
could not adequately explain the degree
of angular momentum in the planets, so
T. C. Chamberlin and F. R. Moutlton
proposed that the solar system formed
through a close encounter of two stars,
tearing out mutual tidal filaments that
condensed to form the planets. Stars are
so awesomely far apart in relation to
their sizes that such a near miss should
practically never have occurred in the
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history of the galaxy. Our solar system
would thus be essentially unique. Wide-
spread acceptance of this cosmogony
gave an entire generation, up to the
1940’s, little reason to think very seri-
ously about life elsewhere in the galaxy.
Anti-extraterrestrialists took solid com-
fort from the U.S. space probes in the
1960’s and 70’s, which scotched the idea
that there were canals on Mars and
showed that life on Mars, if present at
all, must be very well concealed, for
example in moist subsurface regions.
Nor have probes to the other objects in
the solar system given much encourage-
ment to the search for life.

On the other hand, over the last 30 or
40 years the nebular hypothesis has not
only revived but has been shown by
several lines of evidence to be essentially
correct. Planetary systems are thus pre-
sumably quite commonly associated
with other stars, although to be sure no
case has yet been unambiguously detect-
ed. Further evidence includes the gener-
ally uniform chemical compositions
throughout space, the vast spans of time
available, and the overwhelming num-
bers of stars, and hence of potential solar
systems, in our galaxy alone. This evi-
dence led, after the Second World War,
to an almost euphoric acceptance by
most astronomers that life could well be
a ubiquitous phenomenon in the uni-
verse. This belief has been encouraged
by the explosive progress in biochemis-
try, probing toward mechanisms of ori-
gin of life, and in paleontology, showing
that life apparently appeared on earth
rather soon after it became physically

possible. It is difficult to imagine life
without evolution and natural to suppose
that senses of growing power, the organi-
zation of such senses into brains, and the
ultimate development of intelligence
leading to science and technology would
also occur widely throughout the uni-
verse. The highly publicized project
Ozma and a number of other searches for
radio transmissions from such hypotheti-
cal civilizations were accordingly under-
taken.

Some skeptics of course always re-
mained. Michael Hart was the first to
crystallize a number of the counterargu-
ments in an important 1975 paper. He
and several like-minded colleagues orga-
nizéd a conference in 1979 to explore
these ideas more fully. Publication of the
proceedings is belated but welcome. The
title of the book stems from Fermi’s
famous question: ‘“Where are they?”’
The argument, as fleshed out by Hart in
the opening paper, is simple and some-
what spine-tingling. After only one or

two centuries of what might truly be

called science, the human race has al-
ready learned how to travel through the
solar system. Another century or two
should see our descendants forging out
to the nearby stars. Colonies planted
around these stars would be expected
soon to expand further in a wave that
should result in descendants from this
planet spreading through the entire gal-
axy in less than a hundred million years.
But our galaxy is more than a hundred
times older than that. If other intelligent
civilizations are so ubiquitous, surely
some, if not even a vast number, must
have gotten a head start on us and should
long since have filled the galaxy. Yet to
quote from Ben Zuckerman’s splendid
preface: ‘“To astronomers who work
with giant optical and radio telescopes
the Universe appears to be a gigantic
wilderness area untouched by the hand
of intelligence (with the possible excep-
tion of God’s).”’

Where are they, indeed? A series of
fascinating papers explores various fac-
ets of the question. Hart begins by
throwing down the challenge: We ob-
serve no extraterrestrial intelligence be-
cause there are no other advanced civili-
zations in our galaxy. Zuckerman briefly
reviews the half-dozen sensitive search-
es so far made by radio techniques.
Robert- Sheaffer examines claims that
extraterrestrial visitors are being obh-
served, giving good evidence for reject-
ing any such claim as a viable scientific
hypothesis. Michael Papagiannis points
out reasons why the asteroid belt should
be examined carefully for evidence of
any tampering by extraterrestrials. Se-
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bastian von Hoerner reviews the likeli-

hood of interstellar colonization. Ronald
Bracewell stresses that the first ad- -

vanced civilization could indeed preempt
the galaxy. Freeman Dyson takes issue
with - statements occasionally made by
distinguished scientists that interstellar
travel is impossible by outlining no fewer
than nine ways in which advanced civili-
zations might accomplish it. Half a doz-
en other interesting papers elaborate on
the ideas sketched above. Hart con-
cludes the volume with a second paper,
pointing out the fantastically lucky and
improbable path that life on the earth has
trod through four billion years of poten-
tial disasters quite capable of wiping it
out—either forcing evolution to begin
again from scratch or totally precluding

~any future life. In other words, even
though havens for life in the universe
may be abundant, and even though life
may indeed start in many places; the
chance of life hanging in there long
enough to evolve intelligence and tech-
nology may be very slight indeed for any
given planet.

For those interested in questions on
the grand scale, this slender book is one
of the most interesting and important of
the decade. Though few of the ideas are
original with the volume, to have them
collected in one place and so forcefully
stated cannot fail to have a profound
effect. The pendulum has been given a
very hard push back toward at least a
neutral point.

Nevertheless the book is quite one-
sided. It does not include a single de-
fender, such as Carl Sagan or Frank
Drake, of the opposite point of view.
Powerful counterarguments can be
made. For example, there are a group of
counterarguments that fall under the
heading ‘‘absence of evidence is not evi-
dence of absence.”” Galactic civiliza-
tions, of the type that survive suicidal
tendencies and develop interstellar trav-
el, may feel no need whatever to latch
onto all the real estate in the galaxy, or
any more desire to interfere with indige-
nous life forms than we have to catch
every butterfly. Or our science may still
be truly embryonic—we may be no more
aware of the real currents of interstellar
communication than Amazon natives are
of the radio waves in which their bodies
are bathed.

The recently published survey, As-
tronomy for the 1980’s, sponsored by the
National Academy of Sciences, consid-
ers these questions closely and recom-
mends a modest but long-term program
of listening and looking for evidences of
intelligent extraterrestrial life, initially
mainly in the high-frequency radio band.
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The survey recognizes that the probabili-
ties of any early detection are small
indeed but that the importance of such a
discovery would be incalculably great. A
further important factor is that low-cost
technology now exists to improve over
previous searches by factors of a million
or more. '

Are we alone? We just don’t know.
We are unlikely to know unless we look
long and hard—and maybe not even
then. But either way the implications are
utterly profound. If we are not alone in
the galaxy, can we hope someday to
qualify as members of the galactic club
despite our human frailties and foolish-
nesses? If we are alone, we are responsi-
ble for keeping this fragile spark alive
and offering what should be the blessing
of sentient life to countless descendants
down through the eons.

HARLAN J. SMITH
McDonald Observatory,
University of Texas,
Austin 78712

Martian Landforms

The Channels of Mars. VICTOR R. BAKER.
University of Texas Press, Austin, 1982. xiv,
198 pp., illus. $39.95.

Perhaps one of the most enigmatic
results of the recent exploration missions
to Mars has been the discovery of mas-

sive and ubiquitous examples of fluid °

erosion on a planet that currently ap-
pears to be bone dry, with an atmospher-
ic pressure typically less than 1 percent
that of the earth. Ancient thousand-kilo-
meter-long channels, dwarfing by orders
of magnitude any conceivable terrestrial
analog, suggest almost unimaginably
large flows of water. Even older, widely
scattered valley networks, equal in size
to or larger than terrestrial canyon net-

works and of similar morphology, sug-

gest persistent groundwater erosion.
Baker presents a comprehensive re-

view of the controversy surrounding the

seeming contradiction between the exis-

tence of channels and valleys, which -

strongly suggest water flow, and the dry
and airless surface of Mars. He begins
with historical controversies surround-
ing the study of Mars and takes the
reader through the current ones, which
concern the origin of the Martian chan-
nels. Baker is among those who favor an
explanation of the channels that posits a
catastrophic flood.

As he points out, 80 years ago another
controversy involving a diluvialist hy-
pothesis raged when J. Harlen Bretz

suggested that the curious ragged mor-
phology of the Scablands in eastern
Washington could be explained by the
occurrence of huge catastrophic Pleisto-
cene floods. The Bretz hypothesis was
severely criticized by leading geological
figures' of the day, particularly for its
failure to suggest a source for the hy-
pothesized floods. Critics of the hypoth-
esis that catastrophic floods caused the
large Martian channels also point to the
lack of an apparent source for the floods
as a weakness in the argument. In the
earlier controversy ice-dammed Pleisto-
cene Lake Missoula was eventually iden-
tified as the source of water, and the
Bretz hypothesis was recognized as re-
markably prescient, considering that
synoptic spaceborne imaging was not
available to him. Whether the propo-
nents of Martian diluvialism will similar-
ly triumph is still far from clear, as Baker
readily admits.

Because Baker’s previous comprehen-
sive work on the Scabland problem
(Geol. Soc. Am. Spec. Paper 144 [1973])
was strongly in concert with the work of
Bretz, it is not surprising to find him
favoring a catastrophic flood as the
source of the Martian channels. Never-
theless, his exposition of competing
hypotheses, primarily eolian and glacial
scouring, is fair and thorough, and his
reference to parallel work of colleagues
is generous.

Beyond the catastrophic flood contro-
versy, Baker deals competently and
completely with the general subject of
climatic change on Mars and with the
evidence bearing on it that a variety of
other landforms may or may not provide.
His approach is refreshingly that of an
experienced geomorphologist, and the
book is distinctly data-oriented, with a
profusion of detailed geomorphic maps
of Martian and Scabland channels and
many page-sized photographs of Martian
channels and terrestrial analog features.
The only real criticism that can be lev-
eled at the book is that a few pictures are
upside down and the labels on some of
the illustrations are not polished.

Recently, as a result of the Viking
missions to Mars and the Voyager mis-
sions to Jupiter and Saturn, there have
appeared a spate of popular and techni-
cal books of uneven quality that have
surveyed the results of the missions gen-
erally. In contrast, The Channels of
Mars is a well-focused and well-illustrat-
ed monograph about a fascinating mor-
phological problem written in a lively
style by an expert in fluvial geomorphol-
ogy. Baker’s book is a comprehensive
summary and a stimulant for those of us
studying Martian channels, valleys, and
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