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Intelligent Verbal Behavior 

Progress in the study of intelligent 
verbal behavior was 'the topic of 'a 2- 
week conference on artificial intelli- 
gence, linguistics, and psychology, held 
at the summer conference center of the 
National Academy of Sciences in 
Woods Hole, Massachusetts (11 to 23 
July 1971). Although the participants 
from the three fields differ in goals, the 
recognition of their common interests 
in the study of natural language, mem- 
ory, and cognitive processes offers an 
encouraging sign of progress. 

The conference participants exam- 
ined the basic processes needed to 
model human knowledge, linguistic in- 
teractions, and thought capability. The 
ability to understand an input from the 
context of its ,appearance (rather than 
from internal sentence components 
alone) requires the consideration of 
knowledge that may not have been men- 
tioned in the discourse, but that is as- 
sumed by the speaker of the language. 
An organized memory system seems to 
be necessary; the format discussed most 
frequently during the conference was 
that of a directed, labeled network of 
information. Memory processes should 
permit the network to acquire new in- 
formation, both by adding new concepts 
and experiences and by recombining, dis- 
criminating, and generalizing the knowl- 
edge already present in the network. In 
addition, it should be possible for an 
intelligent system to perform logical 
deductions on the information contained 
within the memory. 

The ability to process natural lan- 
guage by computers was viewed as 
entering its second generation of devel- 
opment. Parsers now use procedures 
that combine both syntactic and se- 
mantic information in order to deter- 
mine the most likely interpretation of 
a sentence, rather than the character- 
istic earlier approach of enumerating 
all possible interpretations. These new 
parsers offer prospects for placing 
heavy reliance on general semantic and 
conceptual s.tructures ,and are capable 
of using the context of the discourse, as 
well as a general knowledge of the 
problem under discussion, to perform 
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their analyses. Although current sys- 
tems are adequate only for models of 
specialized content areas, considerable 
discussion was given to the 'analyses of 
conceptual paradigms that might be 
involved in more extensive human cog- 
nitive systems. 

The further development of semantic 
networks and natural language parsers 
will provide potential bases for new 
directions in the use of the computer 
as an educational tool. Thus, in the 
teaching of a particular content area, it 
appears to be possible to provide the 
system with a rich universe of knowl- 
edge. Students could then freely probe 
and question such knowledge structures. 
Moreover, it may ultimately be possible 
for the system to model the strengths 
and weaknesses in the growing knowl- 
edge structure of the student, thus per- 
mitting it to adapt teaching strategy 
accordingly. 

The group felt that the social conse- 
quences of present endeavors should 
continually be under examination as the 
power of these systems increases. It 
was generally agreed that the under- 
standing of intelligent behavior, whether 
it be of man or of machine, has im- 
portant potential benefits to society, 
such as the educational uses discussed 
above. But negative consequences are 
also likely to accompany such develop- 
ments, the most obvious being the use 
of these systems to collect and evaluate 
large files of political and personal data 
on individuals. Although the partici- 
pants did not foresee simple resolution 
of the dilemmas in weighing potential 
benefits and dangers of scientific knowl- 
edge, it was felt that the social implica- 
tions of the creation of intelligent sys- 
tems must be faced willingly by both 
the researchers themselves and by those 
who support the research. 

The conference was sponsored by 
the Mathematical Social Science Board 
within a grant from the National Sci- 
ence Foundation. The participants, 
listed by institution, were R. P. Abel- 
son, chairman (Yale University); J. D. 
Becker, D. G. Bobrow, J. R. Carbonell, 
W. A. Woods (Bolt Beranek and New- 
man, Inc.); R. Quillian (Bolt Beranek 
and Newman, Inc., and University of 
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California, Irvine); S. Baranofsky, R. 
Simmons (University of Texas); K. 
Colby, H. Enea, R. Schank (Stanford 
University); A. Fink, E. Kelley, P. 
Stone (Harvard University); M. Kibens, 
R. Lindsay (University of Michigan); 
D. A. Norman (University of Califor- 
nia, San Diego); B. Raphael, A. E. 
Robinson (Stanford Research Institute); 
J. Weizenbaum (Massachusetts Institute 
of Technology); R. M. Kaplan (Rand 
Corporation); and G. A. Miller (Insti- 
tute for Advanced Study). 

D. A. NORMAN 
University of California, San Diego 

R. P. ABELSON 
Yale University, 
New Haven, Connecticut 

Prospects of Gene Therapy 

The prospects of developing gene 
therapy to treat inherited diseases were 
discussed by specialists of different dis- 
ciplines at a meeting jointly sponsored 
by the National Institute of Neurologi- 
cal Diseases and Stroke and by the 
Fogarty International Center at the 
Stone House at the National Institutes 
of Health (NIH). Medical research- 
ers have the following concern. More 
than 2 percent of humans suffer from 
diseases or defects in vitality that are 
inherited according to Mendelian laws 
(that is, have alterations within single 
chromosomes, resulting in, for example, 
homocysteinuria, sickle cell anemia, and 
the like). In addition, more than 5 per- 
cent have familial disorders whose tend- 
ency to develop depends both on the 
environment and on the cumulative ef- 
fect of two or more genetic defects 
(diabetes, schizophrenia, and certain 
cancers). In fibroblasts, shed by the 
growing embryo and obtained through 
amniocentesis, some hereditary diseases 
can be detected either by the cytological 
analysis of chromosome anomalies 
(mongolism) or by biochemical tests 
(Lesch-Nyhan syndrome). If such an 
analysis clearly indicates the presence 
of a hereditary disease, the fetus can 
be aborted. Whether this kind of eu- 
genics will be extensively employed de- 
pends on each society's ethical deci- 
sions, influenced by religious attitudes 
and economic affluence. But only a 
small fraction of all hereditary defects 
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and economic affluence. But only a 
small fraction of all hereditary defects 
can be discovered by amniocentesis be- 
cause most do not show up in fibro- 
blasts. Most hereditary diseases will 
therefore persist in the human popula- 
tion and, with certain glamorous ex- 
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ceptions, will not yield to treatment 
with diets or drugs. In some of these 
cases gene therapy appears to be the 
only hope. 

If foreign cells were not rejected, one 
could modify the genetic makeup of a 
tissue by transplanting cells or organs 
from a normal person into a person 
with a hereditary disease. Such trans- 
plantation of erythropoietic cells or 
whole organs has been successfully per- 
formed in inbred mice. In humans, how- 
ever, transplants are rejected in almost 
all cases (except identical twins). But 
one could take cells from the sick per- 
son, genetically transform them (by 
reversion, isolated DNA, virus transduc- 
tion, cell fusion, and so forth) into cells 
expressing the normal genetic informa- 
tion, grow a larger number of them 
in tissue culture, and then return them 
to the donor. One would hope that 
their surface antigens would not have 
changed by this manipulation. (For 
polygenic diseases replacement of one 
defective gene by a normal one may be 
sufficient.) Or one could use certain 
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artificial transducing viruses to treat 
the patient directly. Recent discoveries 
have made it probable that transfer of 
specific genetic information in humans 
will be feasible within one or two 
decades. This gene therapy would be 
initially useful only for mobile multi- 
plying cells (such as those in bone mar- 
row). But when more is known about 
the differentiation of cells, the replace- 
ment of other cell types, which can 
still multiply in the adult, may become 
feasible (for example, liver). 

The possibilities and potential hazards 
of gene therapy were the subjects of 
the conference. Several speakers pre- 
sented evidence indicating that human 
cells can express some genetic informa- 
tion contained in the DNA or RNA of 
animal or bacterial viruses and that the 
transferred information can be inherited 
from cell to cell. It is even feasible to 
link desirable genetic information to a 
nonpathogenic virus DNA and convey 
it by a virus into the cell. Furthermore, 
genetically normal human DNA can 
be taken up by human cells either di- 
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rectly or packaged into a virus coat, 
or whole chromosomes can be trans- 
ferred via cell fusion. It is still not 
clear which conditions are necessary to 
allow the replication of the transferred 
DNA. Instead of transferring normal 
genetic information, one could possibly 
subject tissue cultures of deficient cells 
to mutations and isolate revertants that 
have regained the normal biochemical 
property. In principle, it would even be 
possible to manipulate eggs or sperms 
genetically, or to produce chimeras by 
mixing blastocysts, but these possibilities 
have been disapproved because they 
would create many new problems and 
possibly increase, or at least perpetuate, 
undesirable mutations in the population. 

A detailed summary of the meeting 
will be printed by NIH and can be 
obtained from the Fogarty International 
Center, National Institutes of Health, 
Bethesda, Maryland 20014. 

ERNST FREESE 
Laboratory of Molecular Biology, 
National Institutes of Health, 
Bethesda, Maryland 20014 
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H!t[IIfAIIIII]I?I POSITIONS WANTED II|!f! ilj 
Biochemist, Ph.D. Seven years of experience in 
independent research and teaching. Strong back- 
ground in protein chemistry and enzymology. 
Seeks position in research or product develop- 
ment. Northeast or Midwest. Box 121, SCIENCE. 

X 
Biochemist Physiologist, Ph.D. 1969. Medical 
background. Publications in clinical and basic 
lipid biochemistry. Desires position in clinical 
chemistry research or hospital laboratory. Avail- 
able July 1972. Box 120, SCIENCE. X 
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il[[|llltlflll[lflflI 'OSITIONS WANTED 111|||1|111||111111| 
Biologist, 29, Ph.D. 1971. Seeking graduate teach- 
ing-research in plant physiology-microbiology. 
Could teach general botany; microbiology; mi- 
crobial ecology; plant, cell, or microbial physi- 
o'ogy, and so forth. Current interests: photo- 
synthesis, respiration, nitrogen fixation by algae, 
photosynthetic bacteria. Teaching, postdoctoral 
research experience. Nine publications. Available 
Fall 1972. Box 122, SCIENCE. X 

Experimental Psychologist, broad interests, expe- 
rience, Ph.D., 12 years of research and univer- 
sity teaching, extensive publications. Desires crea- 
tive and challenging work in faculty position, 
interdisciplinary appointment, or some combina- 
tion of teaching and research. Specialties learn- 
ing, operant behavior, statistics, measurement. 
Some experience in mental retardation, psycho- 
pharmacology. Box 113, SCIENCE. X 

Fordham University Student offers services as 
Russian translator. Some experience. Box 119, 
SCIENCE. X 

Microbiologist/Electron Microscopist, Dr. Sc., 
8 years of research experience in bacterial physi- 
ology, morphology, biochemistry, and phage 
genetics. Publications. Seeks research position. 
Box 124, SCIENCE. X 

Microbiologist-Electron Microscopist; 30; Ph.D. 
Spring 1972. Publications in mycology. Desires 
teaching and research in microbiology, mycology, 
microtechnique, botany, plant pathology, or elec- 
tron microscopy. Box 114, SCIENCE. X 

Molecular Biologist, Ph.D., broad training, 10 
years of research experience, seeks challenging 
position, academic or nonacademic. Box 127, 
SCIENCE. X 

Ph.D., D.D.S., Anatomist. Publications. Teaching 
and research in anatomy, histology, or oral 
biology at medical/dental school. Available at 
IADR and Antomists meetings. Box 118, SCI- 
ENCE. X 

Physiologist, Ph.D., desires academic position in 
biology, zoology, physiology, or pharmacology. 
Experience in teaching, research, administration, 
and planning. Box 116, SCIENCE. X 

Physiological Psychologist, M.A., Ph.D. (expected 
June 1972). Training in electrophysiological and 
neuropharmacological technique. Academic or 
research position desired. Research interests: 
brain mechanisms underlying visual information 
processing and visually guided behavior; psycho- 
pharmacology of midbrain and brainstem systems 
and relevance to clinical disorders. Please write 
Box 109, SCIENCE. 3/3, 10 
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1118lillf|11 |1111111 POSITIONS WANTED iBi||IIl| 
Reproductive Endocrinologist. Ph.D. 1966. Ten 
years of extensive experience in research, teach- 
ing, and administration. Grants. Publications. 
Seeks medical school or industrial position. Box 
117, SCIENCE. X 

Senior Scientist with in-depth research and de- 
velopment experience in diagnostic, immuno- 
chemistry, hematology, coagulation, serum frac- 
tionation and analysis interested in responsible 
position in or as consultant to the biological 
industry. Box 128, SCIENCE. X 

Strong Teacher seeks faculty position. Interests 
and experience in interdisciplinary studies, physi- 
cal science for liberal arts/education students, 
physical chemistry (introductory/advanced). Ph.D. 
(physical chemistry), 1964; additional study in 
history/philosophy of science. Female. L. D. 
Dobyns, 818 Harrison, South Bend, Indiana 
46616. 3/10 
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BEHAVIORAL AND 

BIOMEDICAL SCIENCES 

CONSULTANTS 
GRADUATE STUDENTS 
RESEARCH ASSISTANTS 
ADD TO YOUR INCOME 

Represent Manufacturer of Electronic Systems to 
Program Stimuli and Measure Response in Exper- 
imental Psychology and Medical Studies 

RESUME TO: 
WILLIAM STURGEON 

ICONIX PRODUCTS 
SILICONX, INC. 

2201 LAURELWOOD ROAD 
SANTA CLARA, CALIF. 95054 

UNIVERSITY OF TORONTO 
DEPARTMENT OF BOTANY 

Applications are invited for position of 
CYTOLOGIST 

(cytotaxonomist or cytoevolutionist preferred). 
Effective 1 July 1972. The appointment may be 
made at any rank. Applications, including cur- 
riculum vitae and the names of three referees, 
should be directed to: Chairman, Department of 
Botany, University of Toronto, Toronto, Canada. 
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POSITION WANTED: 40g per word, mini- 
mum charge $10. Use of Box Number 
Counts as 10 additional words. Payment 
in advance is required. These rates apply 
to individuals only. Personnel agencies and 
companies take display rate for all adver- 
tising. 

POSITIONS OPEN: $110 per inch. No charge 
for Box Number. Rates net. No agency 
commission allowed for ads under 4 inches. 
No cash discount. Ads over 1 inch will be 
billed to the nearest half inch. Payment in 
advance is required except where satis- 
factory credit has been established. 

COPY for ads must reach SCIENCE 4 weeks 
before issue date (Friday of every week). 
Send copy for Personnel Placement adver- 
tising to: 

SCIENCE, Room 211 
1515 Massachusetts Ave., NW 

Washington, D.C. 20005 
Replies to blind ads should be addressed 

as follows: 
Box (give number) 
SCIENCE 
1515 Massachusetts Ave., NW 
Washington, D.C. 20005 
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carbohydrate metabolism. Seeks postdoctoral po- 
sition or traineeship in Clinical Chemistry in 
New York City area. Call 716-632-1404 or write 
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