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How Valuable Are Scientil 

Exchanges with the Soviet Uniol 

Loren R. Grat 

Exchange and cooperation programs 
between the United States and the So- 
viet Union in areas of science and tech- 
nology have been under way for almost 
two decades, with a marked expansion 
occurring since 1972. As these programs 
have become more prominent and ex- 
pensive and as U.S.-Soviet relations 
have become more complicated, their 
value has frequently been questioned. 
Scientists have often wondered about 
the scientific quality of the programs. 
Decisions about continuation or modifi- 
cation of projects sometimes rest on the 
question, "Should the exchanges and bi- 
lateral agreements be judged strictly in 
terms of scientific or technical merit, or 
should diplomatic or political goals also 
be considered?" Several reservations 
about the programs have been expressed 
by persons who fear that the Soviet 
Union is achieving access to American 
technology and expertise potentially use- 
ful in mititary applications. The argu- 
ments about scientific cooperation have 
been further complicated by questions of 
human rights, often voiced by American 
scientists who have learned of the plight 
of some of their Soviet colleagues who 
are not permitted to travel abroad be- 
cause of their backgrounds or political 
views. These Americans ask, "Should 
we cooperate with official exchange pro- 
grams if they are being used by Soviet 
authorities as reward systems for politi- 
cally orthodox scientists?" 

During the last year or so several new 
studies of U.S.-Soviet science and tech- 
nology exchanges and cooperation have 
been published (1-5). Together they pro- 
vide far better information about the val- 
ue of scientific interchange with the So- 
viet Union than was available before, al- 
though they cover only a portion of all 
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tween 44 and 275 "man-months" of ex- 
change visits each year, with the average 
being about 180 man-months. On this 
program, about 30 American scientists 

fiC went to the Soviet Union each year for 
extended research visits. This program is 

rn~? ~ continuing, as is the IREX exchange. 
The pace of exchange and cooperation 

was accelerated in 1972 by the signing of 
iam the first bilateral agreements at the Mos- 

cow summit meeting in that year, and by 
additional bilateral agreements in 1973 
and 1974. These agreements are usually 

)ne of these re- administered on the U.S. side by govern- 
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nt results of the difficulties between the two nations, the 
programs, ana- passing of the exploratory phase of tech- 

criticisms of the nical cooperation, and the winnowing of 
Lppeared in the nonproductive projects. Further statisti- 
ggest ways in cal data concerning these programs are 
be made more shown in Tables 3 to 5. 

The type of activity going on under 
these agreements is indicated in Table 5, 
which gives the details of visits by Amer- 

ation icans to the Soviet Union in fiscal years 
1976 and 1977 for seven out of ten work- 

of U.S.-Soviet ing groups under one bilateral agree- 
cal cooperation ment, the Agreement on Scientific and 
marized in a list Technical Cooperation. These seven 
) of these agree- working groups are all supported by the 
d known as de- National Science Foundation (NSF). 
existence for 19 
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:my of Sciences 
tional Research The Kaysen panel focused on the qual- 
REX). Only the ity of fundamental science in the Soviet 
ience and tech- Union and on the interacademy ex- 
the IREX ex- change program. During a 2-year period 

the "outgoing" it gathered information from the follow- 
1 scientists and ing sources: (i) all the reports written for 
oviet scientists the NAS since 1960 by American scien- 
ate on the "in- The author is professor of the history of science in 

1959 and 1977 the Program on Science, Technology and Society, 
Massachusetts Institute of Technology, Cambridge 

ge provided be- 02139. 
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Table 1. Bilateral agreements between the United States and the Soviet Union, and the agencies 
assuming primary responsibility for them. 

Agreement Responsible agency 

Environmental protection Environmental Protection Agency 
Space cooperation National Aeronautics and Space Administration 
Scientific and technical cooperation Office of Science and Technology Policy* 
Medical science and public health Department of Health, Education, and Welfare 

(includes the earlier separate agree- 
ment on artificial heart research) 

Agriculture Department of Agriculture 
Transportation Department of Transportation 
Studies of the world oceans National Oceanic and Atmospheric Administration 
Peaceful uses of atomic energy Department of Energy 
Energy Department of Energy 
Housing and other construction Housing and Urban Development 

*The scientific and technical cooperation agreement contains a variety of topics, and designation of the 
responsible agency is more complicated than in the other areas; the agreement itself lists the Office of Science 
and Technology Policy as the responsible agency, but the executive secretariat is in the State Department, 
while seven of the ten working groups are supported by NSF; the remaining three (water resources, forestry, 
and metrology) are supported by other governmental agencies (Bureau of Reclamation, National Forest Ser- 
vice, and National Bureau of Standards, respectively). 

tists who returned from exchange visits 
to the Soviet Union; (ii) questionnaires, 
designed for computer tabulation and 
analysis, sent to all past American par- 
ticipants in the exchange; (iii) question- 
naires sent to American hosts of Soviet 
participants in the exchange during the 
last 5 years; (iv) letters soliciting evalua- 
tion of the various fields of Soviet sci- 
ence sent to eminent American scientists 
familiar with Soviet work in their fields; 
and (v) conversations with scientists and 
exchange administrators in both the So- 
viet Union and the United States. 

The Kaysen panel invited the Soviet 
Academy of Sciences to send similar 
questionnaires to Soviet scientists in the 
U.S.S.R. who had participated in the in- 
teracademy exchange or hosted Ameri- 
can scientists. The Soviet Academy, 
however, declined to conduct a similar 
poll, citing its desire to avoid "inter- 
ference in the internal affairs of the Na- 
tional Academy of Sciences." 

The questionnaire sent to American 
participants contained more than 100 
questions. For the 350 questionnaires 
sent out, the response rate was about 80 
percent (9). Here I will concentrate on 
the answers to those questions bearing 
most directly on the value of the ex- 
change. Several of the questions about 
the value of the exchange experience are 
reproduced in Table 6 together with the 
gross response rate. 

The results of these questions can be 
read in several ways, but it seems accu- 
rate to say that American participants in 
the interacademy exchange are fairly 
positive about the value of the program, 
with three-quarters of them rating their 
experience in the Soviet Union as out- 
standing or very good. Most of them be- 
lieve that the exchange program is of def- 
inite value, scientifically speaking, to the 
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United States. On the other hand, these 
participants are aware of the existence of 
political controls over science in the So- 
viet Union and believe that the ex- 
changes suffer because of these controls. 

In recent talks to university audiences, 
I have cited these new data; the reaction 
has been mild surprise that American 
scientists are as positive as they are 
about the scientific value of the ex- 
changes. It would be interesting to have 
the results of recent public opinion polls 
(scientists and nonscientists) on these 
questions to compare with the attitudes 
of participating scientists (10). 

It is possible that the answers given by 
participants in the interacademy ex- 
change are misleadingly positive. Argu- 
ments in that direction include the fol- 
lowing: (i) The participants in this ex- 
change may be biased; after all, they 
went on it, and they may not want to ad- 
mit they wasted their time or had bad 
judgment. (ii) The participants in the in- 
teracademy exchange may not be, scien- 
tifically speaking, the best-qualified 
judges of the quality of Soviet science; 
although distinguished scientists have 

Table 2. Personnel exchange under the bilat- 
eral agreements listed in Table 1. 

Participants in 
bilateral agreements 

United Soviet Year States Union 
to to Total 

Soviet United 
Union States 

1972 262 246 508 
1973 404 273 677 
1974 837 844 1681 
1975 1170 1114 2284 
1976 983 853 1836 
1977 761 664 1425 

participated, it is generally agreed that 
the very best American natural scientists 
rarely apply; and it is further agreed that 
the quality of applicants has declined 
somewhat in recent years. 

In order to take such possible biases of 
participants into account, it is helpful to 
examine the results of the questionnaire 
that was sent to the American hosts of 
Soviet scientists who came to the United 
States during 1972 to 1977 on the inter- 
academy exchange. These hosts were 
American scientists who had Soviet ex- 
changees working under their guidance 
for extended periods. The American 
hosts were, on the average, rather dif- 
ferent from the American participants 
who went to the Soviet Union; they were 
usually more senior and distinguished, 
and they had not committed themselves 
to the idea of U.S.-Soviet exchanges to 
the same degree. Most of them had never 
been to the Soviet Union on a scientific 
exchange. In many cases, the Soviet sci- 
entist who came to work in the host's 
laboratory was just one of several for- 
eign scientists present, all of them at- 
tracted by the research program under 
way there. 

The total number of questionnaires 
mailed out to hosts was 150, and the re- 
sponse rate was, again, about 80 percent. 
This questionnaire was less detailed than 
that sent to exchange participants, and 
some of the questions bearing directly on 
scientific quality are listed in Table 7. 

Hosts of Soviet scientists also gave 
fairly positive evaluations of Soviet sci- 
ence and Soviet scientists, 80 percent of 
them rating the visiting scientists as 
equal to or better than visiting scientists 
from other countries (including, of 
course, Western Europe). Yet the Amer- 
ican hosts were also restrained in their 
enthusiasm for Soviet science, probably 
more so than the exchange participants. 
In informal communications, for ex- 
ample, only very few of them indicated 
that they would recommend that their 
"best postdoc" spend a year in the So- 
viet Union. This reluctance to have their 
leading students go to the Soviet Union 
undoubtedly stemmed from a variety of 
considerations, including such factors as 
scientific quality, instrumentation and 
supply difficulties, living conditions, lan- 
guage difficulties, and the political situa- 
tion. 

While the majority of American scien- 
tists who were polled believed that scien- 
tific exchange with the Soviet Union is a 
worthwhile and significant endeavor, 
they considered the United States to be 
ahead of the Soviet Union in most scien- 
tific fields. In some areas of mathematics 
and physics, on the other hand, the 
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American scientists who assisted the 
Kaysen panel in drawing up "field-by- 
field" surveys of Soviet science said that 

exchange between the two countries was 
entirely mutual, with both countries at 
the forefront of research. In most other 
fields, however, the United States is 
ahead of the Soviet Union, according to 
the respondents; some of the evaluations 
of individual fields [see (2) for details] 
were critical of Soviet performance. In 
the section on chemistry, for example, 
the Kaysen report concluded, "It is not 
apparent that the U.S. has a great deal to 

gain from Soviet chemical research as it 
is now practiced, although there are a 
few exceptions." In the section on bio- 
medical sciences, the report observed 
that "There was also near unanimity in 

stating that young American graduate 
students and postdoctoral fellows would 
benefit very little from training opportu- 
nities in the Soviet Union except for 
fields such as membrane biology, protein 
chemistry, and the chemistry of natural 
products." Such statements can be com- 
pared to the observation in the section 
on mathematics that "Today, the Soviet 
Union is one of the world's leading math- 
ematical powers." Soviet science is ob- 
viously a heterogeneous collection of 
subfields of varying performance, and 
general statements about "Soviet sci- 
ence" conceal enormous field-by-field 
differences. 

While a few leading American scien- 
tists believed that little would be gained 
scientifically by having exchanges in 
their particular fields, the majority of 
them maintained that fruitful exchange 
was still possible even in those areas 
where the Soviet Union lagged behind 
the United States. Taking all the fields of 
science together, it seemed apparent to 
the members of the Kaysen panel that 
the United States was the stronger na- 
tion scientifically, and in that sense the 
United States has more to teach than to 
learn in scientific interchanges with the 
Soviet Union. However, the panel 
warned against concluding from this as- 
sessment that the exchanges were not 
valuable to the United States in a scien- 
tific sense: "In the interchange of 
ideas-scientific or other-neither side 
parts with any of its initial stock, but 
adds to what it receives. .... In the pro- 
cess of intellectual interchange, two plus 
two often equals six." In another section 
of the report, the panel continued: 

We conclude that on the whole we have been 
and are currently teaching the Soviets more in 
the course of the exchanges than we are learn- 
ing from them. It would be an error, however, 
to draw from this the further conclusion that 
we are therefore conferring on the Soviet 
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Union a benefit at our own expense. We learn 
even when we are teaching, and the "ex- 
pense" of time and energy put into the ex- 
changes is not simply a cost. 

After considering all evaluations of sci- 
entific quality, the panel concluded that 
the interacademy exchange was justified 
on a scientific basis alone, but noted that 
cultural and political factors should also 
be included in an overall evaluation. The 
most difficult question, however, is "jus- 
tified relative to what?" Few people 
would claim that a dollar spent on a 

U.S.-Soviet science exchange program 
could not be better spent, from a strictly 
scientific standpoint, on American re- 
search programs selected on the basis of 
normal peer review. To decide on that 
basis, however, to withdraw support 
from the exchange programs would 
mean ignoring their political and cultural 
effects. The Kaysen panel has shown 
that the interacademy program is also 
producing some good science, even if the 
political and cultural questions are still 
the most important. 

Table 3. Short-term (less than 60 days) personnel exchange under the bilateral agreements, 
1977. Abbreviations: I, individuals; D, delegations. 

From From 
Agreement United States Soviet Union 

I D I D I D 

Health 105 12 104 15 209 27 
Space 23 4 32 5 55 9 
Environmental protection 164 48 135 36 299 84 
Atomic energy 75 14 57 14 132 28 
Agriculture 27 8 31 10 58 18 
World oceans 32 8 36 7 68 15 
Science and technology 134 21 94 22 228 43 
Transportation 23 5 21 6 44 11 
Energy 93 15 58 11 151 26 
Housing 56 11 57 14 113 25 

Total 732 146 625 140 1357 286 

Table 4. Long-term (more than 60 days) personnel exchange under the bilateral agreements, 
1977. Abbreviations: I, individuals; M-M, man-months. 

From From 

Agreement United States Soviet Union 

I M-M I M-M I M-M 

Health 7 16.3 12 26.7 19 43 
Space 0 0 0 0 0 0 
Environmental protection 7 21 10 26 17 47 
Atomic energy 4 9 5 33 9 42 
Agriculture 1 3 0 0 1 3 
World oceans 0 0 1 2.5 1 2.5 
Science and technology 11 43 11 53.5 22 96.5 
Transportation 0 0 0 0 0 0 
Energy 0 0 0 0 0 0 
Housing 0 0 0 0 0 0 

Total 30 92.3 39 141.7 69 234 

Table 5. Details of visits by American scientists to the Soviet Union in fiscal years 1976 and 1977 
for seven out of ten working groups under one bilateral agreement, the Agreement on Scientific 
and Technical Cooperation. 

Number of 
Number of travelers h Average 

Length number 
of number 

Group Idi- Aver- of of insti- 
Indl Group age To- ay tutions 

viua visits per tal (days) visited 
trips group 

Chemical catalysis 21 1 29 50 7 to 150 3 
Computer applications 8 8 14 120 14 to 35 8 
Electrometallurgy 2 6 10 63 14 5 
Microbiology 1 5 11 57 9 7 
Physics 4 2 10 23 3 to 20 3 
Science policy 1 3 8 25 8 7 
Scientific and technical 0 2 4 8 12 7 

information 
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Political and Cultural Benefits 

If we now include cultural and political 
issues in the interacademy exchange, the 
responses given by American partici- 
pants are considerably more positive 
than the responses about scientific bene- 
fits alone. Indeed, the participants in- 
dicated that the most important goal of 
the exchange program should be "foster- 
ing the development of the international 
scientific community" (72 percent of 

Table 6. Questions sent to 350 U.S. scientists 
and the gross response rates shown as percent 

A. Overall, how would you rate your experier 
1. Outstanding 
2. Very good 
3. Satisfactory 
4. Fair 
5. Poor 

B. Please indicate the extent to which you agr 
ments concerning the scientific nature of th 

S 

1. Scientifically, the US gains a 
lot by individual exchanges to 
the Soviet Union 

2. The exchange program results in 
little new scientific knowledge 

3. I was able to gain access to the 
best facilities the USSR has 
to offer my field 

4. Because the Soviet Union is not 
very advanced in my field, little sci- 
entific benefit for the US re- 
sults from the exchange program 

5. The scientific productivity of the 
exchange is hampered by the 
political situation in the Soviet 
Union 

Table 7. Questions bearing on scientific quality 
scientists on the interacademy exchange, and t] 
parentheses. 

A. All told, how well did this visitor rate agains 
stages in their careers? 

Compared to: An 

He was better 
About the same 
He was weaker 

B. Do you feel that you and your institution b 
(Yes, 78.9) (No, 20.2) 

1. If you feel that you and your institution ben 
do the following statements describe that b< 

a. The scientist is an expert in his field; 
he suggested new research pro- 
cedures, introduced new ideas 
or imparted new knowledge 

b. Although his training and capabilities 
were lower than we usually expect of 
a professional in our field, he 
contributed to our work on a tech- 
nical level 

them considered this goal of "vital im- the area where the interacademy ex- 
portance" or "very important"). The change was performing best; they gave 
generation of new scientific knowledge the exchange a 3.48 rating on a scale of 
ranked less high in their priorities (only 4.0 in this area, whereas they rated the 
35 percent of them said that "building exchange at 1.89 in the area of "building 
U.S. science" was a vital or very impor- world science." 
tant goal of the interacademy exchange, The emphasis which American scien- 
and only 51 percent gave the same high tists have put upon personal, political, 
ratings to the goal of "building world sci- and cultural goals in their interactions 
ence"). The American hosts of Soviet with Soviet scientists raises a number of 
scientists also said that "fostering the in- interesting questions: How do we know 
terational scientific community" was the impacts in these areas are as signifi- 

cant and important as the American sci- 
entists seem to believe? Is it possible 

about the value of the interacademy exchange, that questions about "cultural impact" 
ages in parentheses. are "motherhood" questions to which 

ice in the USSR? all respondents automatically give high 

(32.4) ratings? 
(42.3) Formal exchange programs with the 
(18.8) Soviet Union play a role quite different 
(4.8) from that of exchange programs with 
(1.8) countries in Western Europe and much 

:ee or disagree with each of the following state- of the rest of the world. West European 
ie exchange: and American scientists have a variety of 

~~trongly A.~ DStrongly ways of getting together, but for all prac- 
Agree Disagree disagree tical purposes the only opportunity avail- agree 

able to a Soviet scientist for spending an 
(13.7) (44.9) (35.9) ( 5.5) extended period of time in a foreign 

country is through the formal exchange 

(3.2) (32.4) (50.2) (14.2) programs. Western veteran world travel- 
ers accustomed to making their own 

(20.3) (53.4) (20.3) (6.0) travel arrangements frequently do not 
appreciate the significance of the formal 
programs for their Soviet colleagues. 

(7.6) (13.3) (47.7) (31.4) On hearing how important the official 
programs are to Soviet scientists, some 
Americans are tempted to reply, "The 

(254) (47.3) (24.2) ( 31) programs are not that important to us; 
the Soviets should change their system 
of travel regulations to one that is easier 
for us if they wish to have close con- 
tacts." Such a brusque response ignores 

that were sent to 150 American hosts of Soviet the fact that there is little chance that the 
he gross response rates shown as percentages in Soviet Union will change in this regard, 

because its attitude toward scientific co- 

t other scientists you have known at comparable operation is part of a much broader and 
long-standing policy toward interna- 

ericn s s Visiting scientists tional contacts. can scentsts from other countries Is there any evidence that cooperation 
(10.2) (25.0) between the United States and the So- 
(57.4) (55.8) viet Union is actually significant from a 

political and cultural standpoint (aside 
)enefitted from this scientist's visit? from the scientific standpoint already 
(No response or don't know, 0.9) 

iefitted from this scientist's visit, to what extent discussed)? A useful way to approach 
enefit? this question is to compare the present 

Strongly A Strongly level of personal knowledge and commu- 
agree gree Disagree disagree nication between the scientific commu- 

nities of the United States and the Soviet 
Union with what it was 20 years ago. In 

1) (65.) (221) () the 1950's, before exchanges began, 
there were few American scientists who 
knew very much about Soviet scientists 

(4.8) (28.3) (38.5) (28.3) on a personal level and who were famil- 
iar with the conditions under which they 
work. Now, on the faculties of almost 

I 

I 

I 

I 

I 
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every large university in the United 
States there are scientists who have ei- 
ther had Soviet scientists working with 
them in this country or who have studied 
or done research in the Soviet Union. 
Within several subfields-particularly in 
mathematics and physics-there now ex- 
ist invisible colleges linking researchers 
in the two countries, based on communi- 
cation networks and friendships that are 
both formal and informal, but which are 
in many instances derived from earlier 
exchange visits. 

These links do have political effects 
that are desirable from the standpoint of 
the American scientific community. To 
give one example: 20 years ago if a math- 
ematics researcher at the Steklov Insti- 
tute in Moscow were arrested, Ameri- 
cans might learn about it 6 months later, 
a year later, possibly never. Today, if 
such a researcher is arrested or in- 
carcerated we will learn about it within 
several days, and the chances are high 
that someone in the United States will 
know that individual personally. The re- 
sponse of the international scientific 
community to repression is no guarantee 
of security to Soviet scientists, but there 
is much evidence that the awareness of 
the international community is a contrib- 
uting factor to Soviet restraint. Almost 
all Soviet scientists have favored the im- 
provement of communications, and the 
dissidents, in particular, have stressed 
that their security is greater because of 
their links to the West. 

Some American scientists have criti- 
cized exchanges with the Soviet Union 
because of repressive political condi- 
tions there; the irony in this situation is 
revealed when we notice that these same 
Americans are often dependent on the 
exchanges for acquisition of information 
about those conditions. It seems clear 
that the worst fate for unorthodox Soviet 
scientists would be to lose their contacts 
with the West. 

A few people might interpret the ex- 
changes as an attempt to subvert the So- 
viet political system. Such an inter- 
pretation would be erroneous. Almost no 
Americans believe the exchanges and bi- 
lateral agreements could ever have im- 
pacts of such magnitude, and most con- 
sider such a goal entirely improper for a 
scientific program. Furthermore, Soviet 
authorities have been somewhat suc- 
cessful in containing the dissident move- 
ment. They probably know better than 
anyone else what the effects of the ex- 
changes have been; the fact that they still 
favor scientific cooperation indicates 
that fear of political effects internally is 
not strong enough to override their de- 
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sires for the exchange of scientific and 
technical information and for the contin- 
uation of detente. 

The nonscientific gains achieved by 
scientific exchanges and cooperation 
sometimes go beyond the issue of help- 
ing Soviet scientists working under re- 
pressive conditions. The level of cooper- 
ation and personal friendship reached by 
a few Soviet and American scientists has 
probably helped at several junctures in 
penetrating and eventually overcoming 
difficult obstacles to better relations be- 
tween the two powers, obstacles that 
were simultaneously technical and politi- 
cal. For example, the Soviet Union at 
first refused to agree with American 
arms control specialists that antiballistic 
missile weapons could be "destabiliz- 
ing." A series of discussions between 
Soviet and American scientists helped 
clarify this issue, and the Soviet Union 
eventually agreed to the inclusion of 
antiballistic missiles in the talks. Several 
American scientists involved in these 
discussions believe that without the ear- 
lier contacts with their Soviet colleagues 
on narrow scientific issues the level of 
confidence and respect necessary for in- 
timate discussion of a very different and 
broader type of problem might not have 
been present. 

It is a mistake to insist that scientific 
exchanges with other countries-includ- 
ing the Soviet Union-be evaluated only 
on the basis of scientific and technical 
gains for the United States. The original 
exchange agreements with the U.S.S.R. 
were signed two decades ago in an effort 
to alleviate the Cold War; they still can 
serve such a purpose. Our attitude to- 
ward other countries is similar in the 
sense that we seek goals broader than 
mere exchange of scientific information; 
we have science exchanges with under- 
developed countries from which no one 
expects the United States to be a signifi- 
cant beneficiary in a scientific sense. We 
are currently moving toward scientific 
exchanges with China from which the 
prospect for significant scientific gain for 
the United States is small. 

In the current phase of the cooling of 
relations between the United States and 
the Soviet Union the maintenance of 
some lines of communication between 
the two countries is more important than 
ever. The cancellation of scientific trips 
to the Soviet Union by Americans of- 
fended by Soviet actions toward dis- 
sidents is understandable. Nonetheless, 
we need to ask what the ultimate results 
of our actions will be if we angrily spurn 
contacts with the Soviet scientific com- 
munity. If joint programs no longer exist- 

ed, what would irritated American sci- 
entists have left to walk out on? The 
creation of a situation in which no con- 
tacts remained between the two scien- 
tific communities would obviously result 
in a loss of all political and cultural in 
fluence. 

Technology Transfer 

Analyses of cooperation between the 
two countries in science and technology 
often raise the question of whether the 
Soviet Union is not engaging in the pro- 
grams primarily for the purpose of gain- 
ing access to superior American tech- 
nology (11). Some critics have suggested 
that the exchanges are actually a "rip- 
off" of American technological secrets 
by Soviet exchangees, who are pictured 
as intently scooping up such information 
while giving up nothing of real value in 
return. 

There is a broad spectrum of different 
types of science and technology contacts 
between the two nations; some of these 
contacts are in areas of fundamental sci- 
ence far removed from technology, oth- 
ers are in a middle range where both sci- 
ence and technology are involved, while 
yet others-particularly the contacts be- 
tween United States firms and Soviet 
ministries-revolve almost entirely about 
technology of many different types. The 
interacademy exchange, which has been 
studied most thoroughly, is the farthest 
removed from technology of all the for- 
mal science and technology channels be- 
tween the two countries. This program 
consists largely of visits and conferences 
among academic scientists. 

The results of the evaluations of the in- 
teracademy exchange show that the de- 
scription of Soviet scientists as people 
who "scoop up information and give 
nothing in return" is incorrect. (Al- 
though there are individual Soviet scien- 
tists who conform to this description.) 
The majority of American hosts of So- 
viet scientists on that exchange stated 
that the visiting Soviet scientist was an 
expert who "suggested new research 
procedures, introduced new ideas or im- 
parted new knowledge." The American 
scientists most intimately involved with 
the interacademy exchange do not see it 
as a one-way street, but as a true inter- 
change of ideas. 

In the other exchanges and contacts 
(the bilateral agreements and particularly 
the commercial ventures) the signifi- 
cance of technology transfer is greater, 
but even there the total amount of actual 
technology transfer in important areas is 
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probably smaller than often imagined. 
An early effort by the Soviet Union to 
have a bilateral program for the study of 
computer technology was deflected by 
the U.S. government negotiators into a 
program on "Computer Usage in Man- 
agement," and in that way avoided an 
exchange involving computer design and 
manufacture. 

There is, of course, some technology 
transfer involved even in the non- 
commercial exchanges and bilateral 
agreements. In fundamental science ex- 
change some technology transfer occurs, 
for example, in scientific instrumentation 
and in such areas as semiconductors and 
lasers. In the last two fields the gaps be- 
tween fundamental and applied research 
are small. Furthermore, an important 
part of the transfer of knowledge is mak- 
ing the other side aware that something 
is possible, even if the details or exact 
mechanisms are not transferred. 

The amount of significant technology 
transfer that occurs through the inter- 
academy exchange and most of the bilat- 
eral programs is sufficiently restricted, 
however, that the problem can be ade- 
quately handled by more insistence by 
the American administrators on reci- 
procity in exchange, particularly in fun- 
damental science, where the potential 
for American benefit is greater. On all 
the exchanges and agreements the 
United States should insist on its legiti- 
mate commercial interests, including 
copyright as well as patent rights, areas 
where the Soviet Union has accepted in- 
ternational conventions. Additional con- 
trols over strategically significant tech- 
nology are inevitable and proper ele- 
ments of an unfortunately hostile world. 

By carefully differentiating between 
the commercial, applied, and fundamen- 
tal aspects of U.S.-Soviet science and 
technology contacts, further exchanges 
between the two countries are possible 
without introducing government controls 
over academic science. On the com- 
mercial side, trade in nonstrategic tech- 
nology between nations traditionally an- 
tagonistic is an entirely laudable and 
commercially beneficial goal. 

Ways to Improve the Exchanges 

The exchange program between the 
NAS and the Soviet Academy of Sci- 
ences has usually been based on individ- 
ual visits and research, not collaborative 
projects or symposia. In the early years 
of the exchange, when the effects of the 
Cold War were still manifest and when 
American knowledge of Soviet science 
was somewhat superficial, the individual 
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approach was much easier than arrang- 
ing joint projects. The NAS simply an- 
nounced that an exchange program was 
in existence and invited applications 
from interested and qualified American 
scientists. A selection of the best scien- 
tists was then made from those who ap- 
plied, and these scientists went to the 
Soviet Union, where their expenses 
were paid by the Soviet Academy. The 
Soviets similarly selected their nominees 
to go to the United States, relying on 
their own criteria. Either side could re- 
fuse the nominees of the other side, but 
the record of cooperation has been good 
(although the applications of approxi- 
mately 30 Americans and 10 Soviets 
have been turned down by the receiving 
sides). 

This system of exchange was asym- 
metrical because of the great differences 
between the two countries and their sci- 
ence organizations (for example, the fun- 
damental organizational differences be- 
tween the Soviet Academy of Sciences 
and the NAS and the greater importance 
of political factors in nomination by the 
Soviet authorities). American scientists 
going to the Soviet Union usually 
worked in the institutes of the Soviet 
Academy, while Soviet scientists coming 
to the United States usually were placed 
in universities. This asymmetrical ar- 
rangement was often satisfactory to both 
sides, since the best fundamental re- 
search in the Soviet Union is pre- 
dominantly in the Academy, while such 
research in the United States is frequent- 
ly in universities. 

Individual exchanges of this type still 
have an important role even today, 20 
years after they began. They continue to 
be the main avenue of long-term ex- 
change. More than 50 percent of the 
Americans going to the Soviet Union on 
the interacademy exchange stay more 
than 3 months; only a very small fraction 
of Americans going on the bilateral pro- 
grams stay there that long (less than 3 
percent in 1977). As a result, as many 
Americans go for extended periods to 
the Soviet Union on the interacademy 
exchange as on all the bilateral programs 
put together. 

Individual exchanges also have limita- 
tions. Usually neither the Americans nor 
the Soviets know who will be coming 
from the other side until they receive the 
nomination letters or lists from that side 
a few months before the exchangees 
commence their travel. The ruling prin- 
ciple here is "sending side nominates"; 
the possibility for scientists from one 
country to invite scientists from the oth- 
er to come to work with them is still very 
limited. Invitations have worked on oc- 

casion, but the present system makes 
such interactions difficult and makes true 
collaborative research a rarity on the in- 
teracademy exchange. 

Some Americans have been so irri- 
tated by this feature of the interacademy 
exchange that they have suggested that 
the NAS require that all participants in 
symposia and perhaps even the regular 
exchange be invited by the receiving 
side. If the Americans were to make 
such a demand, however, it would surely 
backfire. The Soviets, who are sensitive 
on this issue, could respond by calling 
for a symposium on, say, nuclear phys- 
ics to be held in Tashkent to which the 
only Americans invited were the ten 
best-known nuclear physicists in the 
United States. Few of the American 
physicists would accept (they have bet- 
ter things to do), and the Soviets could 
then justly reply that the Americans do 
not care for the invitational principle ei- 
ther. Furthermore, even if invitations did 
work, few Americans would like to give 
the Soviets complete choice over who 
goes to the Soviet Union on exchanges. 

Upon examination, we see that 
achieving exchanges that work entirely 
by invitation is an unrealistic goal. What 
is a realistic and valuable goal is to create 
a combination of modes of exchange. 
Some of these would depend on individ- 
ual initiative by the participants from the 
sending side; some would be based on 
mutual agreement on lists of participants 
by both sides; and some would originate 
by invitation from the receiving side. 
This mix of modes of exchange should be 
a goal of both the interacademy ex- 
change and the bilaterals, since both 
have distinct contributions to make. 

The bilateral agreements signed in 
1972 and subsequent years have not no- 
tably improved the opportunity for is- 
suing invitations, but they have signifi- 
cantly augmented the opportunities for 
collaborative research. These programs 
are not based on the principle of individ- 
ual exchange but on problem areas, 
such as "environmental protection," 
"chemical catalysis," and "elec- 
trometallurgy." Productive work has 
been reported in some of these areas 
(12). Furthermore, the bilateral agree- 
ments have opened to American scien- 
tists and engineers Soviet industrial and 
agricultural institutes (in organizations 
ouside the Soviet Academy of Sciences) 
which earlier were poorly known. 

However, after 6 years of experience 
with the bilateral agreements it has be- 
come obvious that they, too, have seri- 
ous defects. First, they contain much 
deadwood, topics on which the benefit 
for the United States (and probably for 
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the Soviet Union) is negligible. An ex- 
ample was the water resources project 
under the science and technology bilater- 
al agreement, several aspects of which 
were criticized in the Garwin report (3) 
by its American participants for provid- 
ing little useful information. The bilateral 
programs have included large elements 
of "scientific tourism," much more even 
than the interacademy exchange. Travel- 
ing delegations, sent out by the lead 
agencies (usually departments or organi- 
zations of the U.S. government) spend 
more time on scientifically unproductive 
jaunts through four or five Soviet cities 
and six or seven research institutes than 
anyone wants to admit. A cynic would 
say, with some justice, that the wheel is 
constantly reinvented as one more 
American delegation learns about the 
basic organizational features of Soviet 
research and education but little of scien- 
tific or technical value. Last, the finan- 
cial arrangements for the bilateral pro- 
grams are clearly unsatisfactory; Con- 
gress has not voted appropriations to 
fund them, so the lead agencies are usu- 
ally forced to take money from other 
programs. Naturally, the agencies are 
not eager to reveal where these funds 
came from, since it would then be clear 
that some domestic programs were being 
deprived of support. 

Even if these organizational and finan- 
cial problems were eased, the bilateral 
agreements would not give the American 
scientific community access to the best 
quality Soviet research. The bilateral 
agreements are almost entirely devoted 
to applied science projects (there are a 
few interesting exceptions, such as high 
energy physics research under the sci- 
ence and technology agreement); the 
strongest fields of Soviet science are in 
fundamental areas. The desires of funda- 
mental scientists for collaborative proj- 
ects are not often being met by the bilat- 
eral cooperative agreements. There is no 
bilateral agreement covering mathemat- 
ics, for example, and this is probably the 
single strongest discipline in Soviet sci- 
ence. 

A major problem facing the inter- 
academy exchange is the refusal of the 
National Science Board, governing body 
of the National Science Foundation, to 
permit NSF funds to be used to pay for 
NAS collaborative research projects 
with the Soviet Union. According to 
some sources, the position of the Nation- 
al Science Board is that NSF cannot with 
responsibility delegate its authority to 
award funds for research. The use of 
NSF funds for joint research projects 
agreed upon by NAS and the Soviet 
Academy would represent a delegation 
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of such authority to a more significant 
degree than the present individual ex- 
changes do. In addition, the National 
Science Board is evidently worried 
about the pressure that would be exerted 
on NSF by NAS and the Soviet Acad- 
emy to continue to support costly joint 
projects once they were under way. 

Since the interacademy exchange has 
been dependent on NSF for financing its 
program, this NSF policy effectively pre- 
vents NAS from moving in one of the im- 
portant directions recommended by the 
Kaysen panel and favored by the people 
who are most familiar with the inter- 
academy program. Conceivably, the 
funds necessary for such collaborative 
projects could be sought outside NSF, 
but the prospects for success in this en- 
deavor are dim. 

If these administrative and financial 
problems can somehow be solved, the 
interacademy exchange program could 
be markedly improved by supplementing 
the individual exchanges with more joint 
symposia on selected topics and with a 
number of collaborative research proj- 
ects, primarily in fundamental science 
(13). The goal here is to make contact 
with areas of Soviet excellence more ef- 
fectively than the present system does, 
to shift from a passive to an active mode 
of exchange. As a result of our almost 
two decades of experience with Soviet 
exchanges and of the recent field-by-field 
evaluations, we now know much better 
than ever before what the areas of Soviet 
excellence are, and we should target our 
efforts toward them. 

Summary and Conclusions 

Soviet science is a heterogeneous col- 
lection of disciplines and fields in which 
the levels of achievement and compe- 
tence vary widely. In a few areas, such 
as mathematics, some aspects of theoret- 
ical physics, and several subfields of en- 
gineering, Soviet scientists and engi- 
neers are equal to the very best in the 
world, and cooperation between the 
United States and the Soviet Union 
should be equally attractive to both 
sides. The present exchange programs 
and bilateral agreements are, however, 
somewhat cumbersome, contain too 
much tourism, and do not provide for 
enough collaborative research in funda- 
mental science. Dealing with the Soviet 
bureaucracy is difficult, living conditions 
in the Soviet Union are not attractive, 
and Soviet political policies, particularly 
toward dissidents, offend many Ameri- 
can scientists. 

However, even with all these diffi- 

culties, the majority of knowledgeable 
American scientists believes that the 
present programs are valuable, and 
could be made even more valuable if a 
number of changes were made, such as: 
(i) providing funds for the interacademy 
exchange to develop more joint sym- 
posia and collaborative research in addi- 
tion to the existing individual exchanges, 
which might even be curtailed slightly if 
the new modes prosper; these new ef- 
forts should be directed toward areas 
where Soviet science is strongest; (ii) 
conducting qualitative evaluations of the 
bilateral agreements, eliminating the un- 
productive ones, and supporting the suc- 
cessful ones with funds specifically allo- 
cated for that purpose; (iii) negotiating 
with the Soviet Union to obtain more 
fruitful cooperative mechanisms. Ameri- 
can negotiators should tell their Soviet 
counterparts that the United States is not 
interested in expanding contacts in sci- 
ence and technology beyond the present 
level unless some of the newer modes of 
cooperation can be more fully support- 
ed, including modes which permit more 
reliance on invitations and on inter- 
change, well in advance, of lists of par- 
ticipants. 

If some of these modifications in U.S.- 
Soviet scientific cooperation were made, 
the programs could serve better than 
they have in the past the furtherance of 
science in both countries, the mainte- 
nance of good relations between the two 
governments, and the strengthening of 
the international scientific community. 
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showed that the endocrine secretions of 
the anterior lobe of the hypophysis- 
well known by then to control all the 
functions of all the target endocrine 

glands (thyroid, gonads, adrenal cortex) 
plus the overall somatic growth of the in- 
dividual-were regulated by some in- 

tegrative mechanism located in neuronal 
elements of the ventral hypothalamus 
(/). Because of the peculiar anatomy of 
the junctional region between ventral hy- 
pothalamus (floor of the third ventricle) 
and the parenchymal tissue of the ante- 
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rior lobe of the pituitary (Fig. 1), the 
mechanisms involved in this hypotha- 
lamic control of adenohypophysial func- 
tions were best explained by proposing 
the secretion of products from (unchar- 
acterized) neuronal elements of the ven- 
tral hypothalamus. Such products would 
somehow reach the adenohypophysis by 
way of the capillary vessels that ap- 
peared to join the floor of the hypothala- 
mus to the pituitary gland. The concept 
of neurosecretion, or the ability of some 
hypothalamic neurons to secrete pro- 
teins related to the posterior pituitary 
hormones, had been proposed earlier by 
E. Scharrer and B. Scharrer (2). 

The concept of a humoral hypotha- 
lamic control of adenohypophysial func- 
tions was ascertained by means of simple 
experiments with combined tissue cul- 
tures of fragments of the pituitary gland 
and of the ventral hypothalamus (3). At- 
tempts to characterize the hypothetical 
hypothalamic hypophysiotropic factors 
started then. Simple reasoning and early 
chemical confirmation led to the hypoth- 
esis that these unknown substances 
would be small peptides. After several 
years of studies in several laboratories in 
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the United States, Europe, and Japan, it 
became clear that characterizing these 
substances would be a challenge of origi- 
nally unsuspected proportions. Entirely 
novel bioassays would have to be de- 
vised for routine testing of a large num- 
ber of fractions generated by the chem- 
ical purification schemes, and enormous 
amounts of hypothalamic fragments 
(from slaughterhouse animals) would 
have to be obtained if we were to have 
available a sufficient quantity of starting 
material to attempt a meaningful pro- 
gram of chemical isolation. The early 
pilot studies had indeed shown the hy- 
pothalamic substances to be extremely 
potent and, on the basis of simple as- 
sumptions, to be present in each hy- 
pothalamic fragment only in a few nano- 
gram quantities. 

Essentially one, then two groups of in- 
vestigators approached the problem with 
enough constancy and resolution to stay 
with it for the 10 years that it took to pro- 
vide the first definitive solution, that is, 
the primary structure of one of the hypo- 
thalamic hypophysiotropic factors. My 
own group, then at Baylor College of 
Medicine in Houston, Texas (with an 
episode at the College de France in 
Paris), organized the collection over sev- 
eral years of more than 5 million sheep 
brains, handling in the laboratory more 
than 50 tons of hypothalamic fragments. 
Schally and his collaborators, after he 
had left my laboratory at Baylor, collect- 
ed also very large numbers of porcine 
hypothalamic fragments. Late in 1968, 
from 300,000 sheep hypothalami, Burgus 
and I isolated 1.0 milligram of the first 
of these hypothalamic hypophysiotropic 
peptides, the thyrotropin-releasing fac- 
tor (TRF), the molecule by which the 
hypothalamus regulates through the pi- 
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