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In the modern Western myth, scientists 
are imperfect gods. When they yield to  
hubris-when they mistake the goal of mas- 
tery over the natural world for an invitation 
to power-they fall heroically; hence Faust, 
Frankenstein, and, depending on whom you 
talk to, Oppenheimer. Now, at the waning 
of the Cold War, may be an oppomlne time 
to discard that myth. Edward Teller, peren- 
nial contender for Oppenheimer's statesman 
role, looks increasingly like a scientific Willy 
Loman. NASA's non-epic failures have 
taken much of  the romance from the explo- 
ration of space. We are shocked by news of 
the cavalier disposal of waste from the na- 
tion's nuclear weapons plants. All of this is 
not t o  indict individual scientists but to  call 
into question the contemporary institutional 
structure of  science, particularly when it 
claims to operate in the service of  public 
policy. 

Debra Rosenthal has made an important, 
sensitive, and thoughtfill contribution t o  
this demythologizing project. In At the Heart 
of'the Bornh, she explores the moral worlds of 
scientists and engineers working at the Los 
Alamos and Sandia National Laboratories. 
Los Alamos is one of nvo laboratories in the 
country charged with developing the guts o r  
"physics packages" of nuclear weapons, and 
Sandia designs peripheral components and 
the final "delivery packagesn-bombs, mis- 
siles, and torpedoes. This is an enterprise 
fraught with moral consequence, but 
Rosenthal's respondents appear as neither 
tragic heroes nor sci-fi villains. Rather, they 
are working people; like most of the rest of 
us, thcy are preoccupied with everyday con- 
cerns and show regrettably little capacity for 
moral insight and rcflcction. 

This book has many strengths. Rosenthal, 
a political scientist, reports on over 260 
hours of  interviews, conducted in 1984-85, 
with 85 people who were currently o r  for- 
merly employed by one of the two labora- 
tories. This sample captures important vari- 
ation in age, ethnicity, prestige, work 
history, and moral and political attitudes. 
She supplements her interviews with sensi- 
tive and detailed contextual observations on 
the his ton of  the laboratories and of U.S. 
nuclear weapons policy, the culture of the 

wider Los Almlos conmlunity, and even the 
stululing-and, significantly, isolated- 
physical setting. Her  central research ques- 
tion is, H o w  d o  scientists justify their work 
on  weapons that can potentially destroy the 
world? 

If we expect our scientists to  otfer us 
profound answers to  hard questions, we are 
disappointed by what Rosenthal reports. 
What we find instead is a closed moral 
universe-a company town-where issues 
of scientific responsibility are defined insti- 
tutionally, hence rarely confronted by indi- 
viduals. The scientists and engineers inter- 
viewed report almost never discussing the 
morality of their work with colleagues. 
When asked, they offer a range of  responses: 
some claim to be fighting con~munism, and 
others attempt to  minimize the proportion 
of their work spent on  weapons. A few 
express a nerd-macho fascination with the 
unique technology at their disposal, from 
fast computers to  nuclear shots; others 
frankly mention the lack of  secure job op- 
pom~nities in science. Several draw self- 
serving distinctions between nuclear re- 
search and research on  chemical or 
biological weapons. Most, with some justi- 
fication, attempt to  spread the responsibili- 
ty-to American politicians, to  the public, 
and in one case to  the man who delivers the 
mail t o  the laboratory gate. Rosenthal is 
evenhanded, treating laboratory critics as 
austerely as boosters. Her  style is more 
ironic than polemical: she lets her inter- 
viewees speak for themselves, reporting de- 
tails of  personal style and setting in a dead- 
pan way. And, as in any real-life conver- 
sation, what is unsaid is as important as 
what is said. Rosenthal's respondents be- 
come human in part through their contra- 
dictions, stutters, non sequiturs, and reso- 
nant ellipses. 

This book is also disappointing in ways, 
especially to  the social scientist's eye, be- 
cause these data are almost entirely unana- 
lyzed. By so reverently inhviduating her 
respondents, Rosenthal limits our ability to  
understand science-at least the weapons 
lab version-as an institution. The truly 
scary thing about these enterprises is not the 
moral failings of individual scientists but the 
tendency of the laboratories to  cultivate 
technical innovations that will in turn gen- 
erate new and more dangerous weapons 
programs. The incentive structure that pro- 
duces these outcomes is a collective product, 

and one not unique to weapons labs. A more 
incisive and generalizable analysis would 
explore the effects of  organizational a r~d  
institutional dynamics on scientists' views of 
their work. Perhaps the most important, but 
least analyzed, theme in the book is tlie 
weapons scientists' frequently reportcd 
sense of stigma and alienation from main- 
stream academic science. Within the laborl- 
tories that alienation seems transformed int:o 
a sectarian ideology, but one that is inter- 
preted differently by ditferent groups of 
workers. There are hints in the text, for 
example, that older researchers use Cold 
War rhetoric to  justify their research more 
often than their younger colleag~es. Minor- 
ity respondents seem to otfer more prag- 
matic accounts than the ovcnvhclming ma.is 
of white males. One wonders also whether 
accounts vary by professional status-do 
physicists and chemists talk ditferently from 
engineers, o r  Ph.l).'s from technical support 
staff? 

Many academic scientists view applied 
laboratories, and weapons labs in particular, 
as parasites. And though it was clcarly not 
her intent, Rosenthal's individualistic anal!,- 
sis allo\vs us to infer that these weaporis 
workers are a self-selected group of moral 
midgets. I suspect that both  conclusion^, 
though comforting in a way, are wrong. .4 
more careful analysis of these intenrien~s 
would have forced us t o  think about scieri- 
tific morality as a product of organization,il 
culture, and ultimately of the relationship 
between the state and the scientific profe:i- 
sion as a whole. 

J O I I N  R. SUITON 
Departmet~t  o[Soc.iolqy)l, 
I 'r~ivcvrity o f  G~ l i f ovn iu ,  

Satlta Barbara, (3A 93106 

Cells into Organisms 
- 

Morphogenesis. Thc Cellular and Molccul;~r 
Processes of 1)cvclopmcntal Anatomv. 
JONATHAN RAKII.  Cambridgc University Prcss, 
New York, 1990. s ~ i ,  303 pp., lllus. 554.50. 
De\,elopmcntal and Cell Bioloby Scrlcs. 

This book is an excellent critical review of 
our current knowledge of  the physical mecl-I- 
anisms by which organs and tissues are 
constructed during embryonic deve10~1- 
ment. Bard carefully considers what we 
know (as well as what we don't h o w )  
concerning vim~ally the fill1 range of mor- 
phogenetic events, from gastrulation to  the 
formation of the cornea. Although he does 
presuppose some prior knowledge of em- 
bryology, the descriptions arc unusually 
clear and should be sufficient to  lead any 
interested reader quickly t o  the forefront c~f  
research on dozens of  ditferent topics. In 



some cases, it must be admitted, this journey 
to the boundaries of current understanding 
is not really such a long trip. 

At the outset, ~ a r d  deals convincingly 
with the view. all too \videlv held these days, 
that what 1s niost needed f i r  the solutlon'of 
developmental problenis 1s simplv the accu- 
mulat~on of more and more data, preferablv 
niolecular data Is ~t possible, perhaps, that 
those whose research concentrates on mo- 
lecular self-assembly phenomena, where 
subunits assoclatc spontaneouslv to  forni 
larger structures, thereby come to expect 
that the facts themselves, once accumulated 
in sufficient quantity, will likewise assemble 
together ~ ~ d n t a n e o u s ~ y  to form general 
principles-all without human intervention 
or the proposal of alternative hypotheses- 
and that to  wait patiently for this to  happen 
is a forni of objectivity? Bard is certainly not 
a victim of any such fallacy. He proves by 
exanlple how much more useful it can be to 
gather together facts already known (often 
froni fields so disnarate as not otherwise to  
be known by the same subsets of b~ologists), 
to  analyze carefullv what these facts niean 
and how they support or contradict alterna- 
tive hypotheses, and then to consider which 
further facts would be most decisive. 

The specific subjects cover a wide range: 
they include the formation of ludney tu- 
bules, the eversion of imaginal discs in fly 
metamorphosis, alternative nieans bv which 
cells can rearrange themselves into. hollow " 
tubes, the spreading of epithelia, the rolling 
up of the neural tube, cell adhesion mole- 
cules. tendon and muscle formation. the 
d~tferent wpes of collagen, the al~gnrnent of 
fibroblasts, and the topolog~cal rules obeved 
b\r arravs of aligned fibroblasts, to  name just 
a few Indeed, venl few top~cs come to m ~ n d  
that desenred inclus~on but were left out 
One is histotypic cell sorting, which Bard 
deliberately slups past by saying that the 
topic was well enough reviewed in the 1984 
edition of Trinkaus's book Cells into Oyqans 
(Prentice-Hall). Nevertheless, this old and 
contentious topic (what makes cells rear- 
range by diffekntiated cell type?) could 
surely profit froni a little of Bard's style of 
dispassionate dissection. Incidentallv, this 
book o\rerlaps surprisingly little either with 
Trinkaus's book or with Lackie's Cel l  Move -  
rnetlt atld B ~ h a v r o r  (Allen and Unwin, 1986) 
and makes an excellent comnlement to  both. 

Bard's usual approach is that of "case 
studies." For each new phenomenon, he 
reviews the relevant literature and describes 
alternative hypotheses. H e  then weighs the 
evidence carefully and thoughtfully. H e  
reaches his conclusions with sufficient fair- 
ness that, even though I disagreed with 
niany of them, I always felt that niy under- 
standing of the alternative points of view 

had been improved. H e  does not hesitate t o  
point out where the evidence does not seem 
conclusive. In fact, his several lists of what 
we d o  not yet know are among the best 
features of this book. H e  even has a special 
appendix on this subject containing three 
dozen well-chosen questions. Whether or 
not these will ever rival David Hilbert's 
famous mathematical list, they d o  help to  
unifv the book around what needs to be 
done in the future. 

In the search for solutions to  these prob- 
lems many different kinds of techniques are 
considered. These range froni electron nii- 
croscopy to studies of force exertion. Nor is 
niolecular information omitted where it is 
relevant; for example Bard considers the 
effects on mouse development of deletion of 
the gene for type I collagen. 

Among the techniques mentioned is com- 
puter siniulation. Alas, Bard touches only 
lightly on this topic, and states his opinion 
that "if computing is required, it is not for 
the amateur." If he means by this that 
biologists themselves cannot reasonably 
hope to write useful programs, then I would 
strongly disagree; and for a conclusi\~e dis- 
proof, I would point t o  Bard's own inipor- 
tant work on the simulation of zebra and 
other striping patterns or to  the general 
workability of Turing's reaction-diffusion 
system. Those familiar with that aspect of 
Bard's research will be &sappointed to find 
that he has totally omitted it froni his book. 

The well-chosen bibliography lists no 
fewer than 544 articles and books, with 
citations continuing up through 1989. In 
addition to  a satisfactory index of the ordi- 
nary lund, an innovative half-page index of 
"niorphogenetic systemsn-for example, 
disc eversion (Drorophila) and epiboly ( X e -  
nopur+is included. 
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As the author accurately states in the 
preface, this is "a guide t o  methods of 
traditional analyses of Hardy-Weinberg and 
linkage disequilibrium and to the niethods 
for characterizing population structure and 
estimating genetic distance." When dealing 
with these traditional analyses, it is indeed a 
clear, carefully written, and thorough guide 
to  the niost rigorous and po\verhil methods 
for the analysis of genetic variation. More 

than that, it is an excellent book for teaching 
the fundamentals of statistical analysis, ever1 
if one is not interested in genetic data per re.  
The author provides a clear, concise review 
of genetic terminology and experimenta!, 
niethods that makes the book accessible tcl 
any biologist or statistician. Also provided 
are complete descriptions of the models 
upon which the statistics arc based that 
make it clear what the assumptions and 
limitations of the niethods are. It should be 
noted that evolutionary models, which 
might account for the genetic variation ob- 
senred in today's populations, are not dis- 
cussed in any detail, and methods of testing 
evolutionary niodcls or estimating paranie- 
ters of these niodels are not described. 

Weir explains indicator variables, maxi- 
mum likelihood methods, moment estinia- 
tors, and the jackknife and the bootstrap, 
among other statistical ideas. His forte is 
calculating variances and testing null hy- 
potheses, and it shows in his clear, careful 
treatment of the methods. The methods are 
illustrated with a variety of real data sets, 
from  vende el's data on peas to  the base 
coniposition of bacteriophage and niito- 
chondria. 

In addition to  the traditional analyses, 
Weir wishes "to review sonic of the statisti- 
cal techniques appropriate for restriction 
fragment length polyniorphisms and DNA 
sequences." These topics occupy about 25 
percent of the text. In this rapidly develop- 
ing area, it is perhaps inevitable that the 
treatment is not as thorough or definitive. 
Some recent developments are not treated, 
and important references are left out. For 
example, the methods of Engcls and Nei for 
estimating nucleotide variation with restric- 
tion site data are not even mentioned. There 
is no discussion of the analyses of codon 
usage. Also, in the 30-page review of tree- 
building methods, covering parsimony, dis- 
tance matrix, and niaxiniuni likelihood 
niethods, there is no mention of phyloge- 
netic invariants (evolutionary parsimony) or 
neighbor-joining methods. These omissions 
can be forgiven, given the limited space 
devoted to modern molecular data and phy- 
logenetic reconstruction. What Weir has 
chosen to cover is described in his typical 
careful manner. Besides, niost of the nieth- 
ods of the first three-quarters of the book 
apply equally well t o  restriction site and 
nucleotide sequence data. 

Weir has produced an excellent book 
about traditional genetic analyses. I hope he 
writes a sequel soon, expanding the final nvo 
chapters into a full-length book. 
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