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We use analysis of co-citation and relative citation rates to assess the scientific strength of
Chile as compared with other developing countries and to evaluate the potential for increased
international collaboration between Chile and the United States in science and engineering.

Co-citation is the citation of two scientific papers by a third paper. By examining frequency
and patterns of co-citation, the intellectual structure and evolution of scientific disciplines
and research specialties can be traced. Chile is especially ‘‘strong”, as defined by the co-
citation model we employ, in biomedicine and clinical medicine, and in astronomy.

A relative citation rate is the ratio of the number of citations a paper receives to the average
number of citations for all papers published in the same journal over time. Analysis of
relative citation rates of papers published by authors with Chilean addresses show that
Chilean physics, inciuding earth and space sciences, is of unusually high quality, considerably
higher than any other developing country and comparable to several industrialized countries.

We conclude that Chile’s scientific capacity is advanced enough to absorb and benefit
significantly from strategic additions to the country’s resources and capabilities for research.
These would include increases in: exchanges of researchers in specific fields with U.S. and
other Latin American academic, industrial, and government scientists and engineers; train-
ing at outstanding U.S. and Latin American institutions; laboratory equipment, computer
time, communications links, and library materials; and funding from U.S. and international
organizations. It is also apparent that Chile is strong enough in certain fields to cooperate

with the U.S. in mutually benefical international efforts.

INTRODUCTION

Scientists usuaily communicate and ac-
cumulate new scientific knowledge by
means of published papers. Bibliometric
indicators, based upon numbers of pu-
blished papers and citations to these papers,
are commonly taken to provide insight
into the quality of the research performed
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by individual scientists, laboratories, or
entire nations. This paper uses bibliometric
indicators to assess the scientific strength
of Chile as compared with other developing
countries and to evaluate the potential for
increased international collaboration be-
tween Chile and the United Statesin science
and engineering.

Our analysis' draws upon a recent Na-
tional Science Foundation (NSF) project
for the U.S. Congress, the objective of
which was to help develop an agenda for

1 An earlier version of this paper was presented at the
Annual Meeting of the American Association for the
Advancement of Science (AAAS), Boston, February 1988.
The authors are grateful to James W. Rowe for inspiring
the project and providing the opportunity to prepare and
present the paper, and to Tibor Braun of the Hungarian
Academy of Sciences, who provided the authors with
unpublished data on relative citation rates, Damian
Saccocio, while a Science Policy analyst with SRI Interna-
tional, contributed significantly to the paper. The findings
of this paper represent solely the views of the authors and
not the organizations with which the authorsare affiliated.
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enhanced U.S.-Latin American scientific
and technological cooperation in the 1990s
(Ailes, 1988). This study of Chile is in-
tended as an example of how the results
of the NSF project, when integrated with
nonquantitative assessments of Latin
American research capabilities and potential
(e.g., through peer review), might be used
for the mutual advantage in science and
technology of both Latin America and the
U.S.

Background on Bibliometrics

Although bibliometric indicators can
instruct us about the quality of scientific
research, their validity must be qualified.
Almost all bibliometric work is based on
the database developed and maintained by
the Institute for Scientific Information
(ISI). A number of biases are built into
this database. For example, only the first
authors of cited scientific papers are
reported by ISI. It has been suggested
that this omission might systematically
discriminate against younger scientists and
those with last names beginning with a
letter near the end of the alphabet (Chubin,
1973; Lindsey, 1980; Long, et al., 1980).

More germane to the topic of this paper,
ISI’s bibliometric database may under-
represent scientific papers from non-
English language journals (Martin, et al,
1987). Many scientists from developing
countries, including those in Latin America,
publish in such journals?. We partially
control for this distortion by comparing
developing countries with one another.

In addition to these qualifications on
ISI’s database, the question is often raised
of why scientists cite other papers. That
scientists cite papers for reasons at least
partially unrelated to quality may call into
question assumptions upon which citation
analysis is based (Bavelas, 1978; Brooks,
1985; Gilbert, 1977; Moravcsik and
Murugesan, 1975). In addition, because

2 Compounding this problem is the fact that much
Third World science, which may otherwise be of high
quality, involves applied problems of relatively local
interest in medicine, agriculture, and energy. Many
scientists in developing countries do not try to publish
the results of such work in international journals. If
they do try, editorial boards may determine that, while
perhaps of sufficient calibre, the work is not of enough
interest to the majority of their readers to accept it for
publication.

citing behavior of scientists in different
disciplines or even sub-disciplines varies,
comparison of citation counts across
fields may be problematic (Lange, 1985).
Finally, citation rates may be more a
measure of the “impact” than the “quali-
ty”’ of scientific papers. For example,
papers describing new laboratory techni-
ques are among the most highly cited.
While having a major impact upon sub-
sequent scientific research, these papers
in themselves may not substantively
advance science.

In response to such critiques, bi-
bliometric analysis has become increasingly
refined. The pioneers of bibliometric
analysis relied on simple publication and
citation counts (Price, 1962; Cole, 1970).
More recent bibliometric techniques em-
phasize co-citation counts, relative citation
rates, contextual citation analysis, and the
convergence of bibliometric indicators with
other measures.

John Irvine and Ben R. Martin use
“converging partial indicators’ to assess the
performance of research groups, or centers
(as contrasted with individuals or countries).
Agreement among various indicators, in-
cluding systematic peer review and cita-
tions, is used by Ilrvine and Martin to
evaluate performance (Martin and Irvine,
1983). Daryl Chubin, Henry Small, and
others analyze the textual context of the
citation to reveal more about the cited
paper than citation counts alone could
(Chubin and Moitra, 1975; Small, 1982).

Both converging partial indicators and
citation context analysis are highly labor-
intensive techniques. Neither have been
used to evaluate the state of science and
engineering in entire countries or to assess
the potential for international scientific
collaboration. In contrast, computerization
of co-citation and relative citation rate
analysis has encouraged such applications,
Co-citation indicators are the primary focus
of this paper, with results selectively
compared to those reached through the
analysis of relative citation rates.

Center for Research Planning (CRP)
Co-citation Model

The Center for Research Planning (CRP)
has developed a model of world science
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by applying co-citation techniques to the
ISI database. The CRP model is well
suited to studying and comparing coun-
tries’ scientific activity and strength®.

Co-citation is the citation of two scienti-
fic papers by a third paper. By examining
frequency and patterns of co-citation,
the intellectual structure and evolution
of scientific disciplines, sub-disciplines, and
research specialties can be traced (Small
and Griffith, 1974; Mullins, et al., 1977).
As do all co-citation models, CRP specifies
an “‘intellectual base” and a current set of
citing papers. In the 1984 model used
here, intellectual base papers are those
published prior to 1984 which are cited by
1984 papers. Linkages among base-papers
are identified through an algorithm for
analyzing co-citation of base-papers by
current papers. Base-papers are thereby
assigned to one or another node, or
“scientific specialty”. Current papers
are assigned to specialties as well, according
to the patterns of their citation to base-
papers. In every case, current (1984)
papers in a specialty cite at least one paper
from the intellectual base of that specialty.

Once specialties have been developed in
the model, various characteristics of
specialties can be determined for a specific
country. These characteristics include: (1)
activity level; (2) strength (both ‘‘national”
and ‘‘international’); (3) size; and (4) in-
tellectual age. The first two properties
pertain to 1984 literature; the others to the
intellectual base.

Activity level refers simply to the number
of papers in a given specialty which
scientists from.a particular country publi-
shed in 1984. “Strength” is somewhat

3 Such study is made possible by the inclusion in the
ISI database of the institutional addresses of authors. In
the cases of developing countries with prominent interna-
tional research facilities, it is advisable to examine the
names of authors of papers in the appropriate disciplines,
A significant number of astronomers with Chilean
addresses, for example, may in fact be visiting scientists
from other countries.

4 “Specialties” in the CRP model are quite narrow.

In many cases, ‘“‘specialties’” might better be labelled
‘“research topics’”. There are 28,128 specialties in the
1984 CRP model used in this paper. Specialties can be
aggregated by lowering co-citation thresholds to form
broader research areas or “‘regions”. These are roughly
equivalent to sub-disciplines or, in some cases, what
scientists ordinarily term ‘‘specialties’’.
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more complex. A particular country can be
“internationally’ or ‘‘nationally’’ strong in
a specialty., A country’s international
strength in a specialty is relative to the
country’s strength in world science as a
whole. For example, if scientists in Country
X are responsible for 1w of all of the
current world literature in the model, and
if biomedical researchers in Country X are
responsible for, say, 20% of the world’s
papers in biomedicine, then Country X’s
“international ratio’ for biomedicine is 20
and biomedicine is internationally strong
for Country X.5 6,

A country’s national strength in a
specialty is a country’s activity in the
specialty relative to the country’s total
activity in the model. For example, if
scientists in Country X published 10
papers in microlithography in 1984 and
published 1000 papers in total, the “na-
tional ratio”” for microlithography is .01,
and Country X is nationally strong in
microlithography. Thus, national strength
is a measure of the priority given to
specialties within a country’.

Size and intellectual age pertain to the
intellectual base of a specialty. “Size™ is
the number of papers in the intellectual
base of a given specialty. The intellectual
age of a specialty is the mean number of
years elapsed between publication of
papers in that specialty’s intellectual base
(the co-cited papers) and the publication
of current papers in the model —1984 in
this case (the citing papers). “Younger”
specialties are those which are more dy-
namic— progressing more rapidly. They
may also have more intellectual ano

5 In certain cases, ‘“‘internationally strong” specialties
for Country X will be those in which few scientists from.
other countries are interested. These *‘parochial”’ special-
ties are likely to exist in applied fields such as agriculture
or clinical medicine, which tend to address local problems.

S In the CRP model, raw values for both national and
international strength, such as the examples given in the
text, are converted to standard scores by means of the
formula: Standard Score = (Value-Mean)/(Standard
Deviation).

7 For each of the four properties discussed, the
CRP model defines three levels of intensity. Boundaries
between levels (e.g., between international ratios which
are “strong”, ‘average’, or ‘“‘weak’’) are maxima in the
second derivative of the distribution curve of the pa-

rameter in question.
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economic interest to scientists and policy-
makers.

Co-Citation Analysis: Results and
Conclusions

Table I summarizes data and analysis from
the CRP model for Chile and other de-
veloping countries.

of the active specialties (Table I), Brazil
demonstrates a smaller percentage than
the norm for the five larger South Ameri-
can countries, and Venezuela a consi-
derably larger percentage. Chile’s per-
centage is about average for these countries,

TABLE 1

Developing Countries Ranked by Number of Specialties
in which Active

Rank Country Number of Active Specs. Number of Strong Specs.
Active as Percent of Int’’ly Strong as Percent of
Specialties Total Model Specialties Active

1 India 5419 19.3 62 1.14
2 Brazil 1988 7.1 27 1.36
3 China 1830 6.5 23 1.26
4 Argentina 1465 52 34 2.32
5 Mexico 1216 4.3 23 1.89
6 Chile 1075 3.8 25 2.33
7 Taiwan 687 2.4 22 3.20
8 Egypt 618 2.2 16 2.59
9 Nigeria 586 2.1 14 2.39
10 Venezuela 582 2.1 31 5.33
11 Hong Kong 555 20 18 3.24
12 South Korea 482 1.7 23 4.77
13 Turkey 392 14 23 5.87
14 Singapore 346 1.2 18 5.20
15 Saudi Arabia 331 1.2 17 5.14

1/ Active specialties are those in which at least one paper was published by authors in the country in 1984,

Among the developing countries, India,
China, and the larger South American
countries of Brazil, Argentina, Venezuela,
Mexico, and Chile have the most active
scientific communities in the CRP model.
Table I indicates that Chilean scientists and
engineers are active in about 1000 scientific
specialties. (An active specialty is one in
which at least one paper was published in
1984). This a level of activity roughly
equivalent to that of Mexico and Argentina,
about half that of Brazil and China, and
about one-fifth that of India. Venezuela
and the Pacific rim countries of South
Korea and Taiwan display a level of scienti-
fic activity somewhat lower than Chile.

Chile is internationally strong in 25
specialties (Table I). This level of strength
is approximately equivalent to that of
Brazil, China, Mexico, South Korea,
Turkey, and Taiwan. India has 62 interna-
tionally strong specialties and Argentina 34.
When considering the number of interna-
tionally strong specialties as a percentage

Slightly less than half of Chile’s interna-
tionally strong specialties are also “young”’,
or progressing rapidly, as defined by the
CRP model. The ratio for the other large
South American countries, as well as for
those along the Pacific Rim, is similar.

Many developing countries with stronger
scientific communities tend to focus on
more applied problems in medicine and
agriculture (Garfield, 1983). Chile is not
unusual in this regard, as suggested by
Figure 1, which presents CRP analysis of
active specialties in Chile®.

Chile, however, is unique among the
larger Latin American countries in the
degree to which its “internationally strong”
specialties (as defined by the CRP model)
are concentrated in biomedicine or clinical
medicine. All of the other larger Latin
American countries display more scientific

8 Krauskopf, et al. (1986) and Krauskopf and Pessot
(1985) present comparative data on publications activ-
ity for Chile and other Latin American countries.
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Figure 1: Field specialties in which Chile is active as a percentage of total field specialties in the 1984 model.

Source: Ailes, 1988.

diversification among their internationally
strong specialties. Mexico’s and Argentina’s
internationally strong specialties, for
example, are less concentrated in clinical
medicine. In Argentina, physics and che-
mistry are more heavily represented among
the internationally strong specialties. Brazil
and Venezuela are balanced between cli-
nical medicine, on the one hand, and solid
state physics and materials science, on the
other.

In addition to measures of Chile’s in-
ternational strength in particular specialties,
the CRP model provides measures of
Chile’s strength in specialties relative to
the other specialties in which the country
is active, National strength is one measure
of the priority given to specialties within
a country. All of Chile’s nationally strong
specialties, according to the model are in
astronomy. CRP analysis of active special-
ties, presented in Figure 2, confirms the
importance of astronomy in Chile.

Relative Citation Rates as a Measure of
Scientific Strength

Using the ISI database, Tibor Braun has
developed an indicator known as the
relative citation rate that has proven

valuable in comparing the quality of
scientific research between countries. A
relative citation rate, in its simplest form,
is the ratio of the number of citations a
paper receives to the average number of
citations for all papers published in the
same journal over time. (Papers having a
relative citation rate of over 1.0 are cons-
sidered to be highly-cited or, by extension,
of above-average quality). Thus, relative
citation rate partially controls for the
variable citing practices of scientists in
different disciplines.

Relative citation rates for papers can
be aggregated across countries and disci-
plines. For example, to ascertain the re-
lative citation rate for Chile in physics,
one must first identify a set of journals
“‘composing’ physics, and then all papers
in those journals written by scientists with
Chilean addresses. The relative citation rate
for each of these papers is then individually
determined and the mean computed.

In Figure 3, developing countries are
shown with their relative citation rates for
all scientific and engineering disciplines for
papers published by their authors during
the years 1981-1985. In subsequent figures,
relative citation rates are shown for che-
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All Fields
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Figure 2. Field specialties in which Chile is active as a percentage of all specialties in which Chile is active
(1984 model).

Source: Ailes, 1988.
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Figure 3: Relative citation rates, all specialties.
Source: Braun et al., 1988a.
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mistry, the life sciences, physics, mathe-
matics, and engineering’®.

Conclusions From the Analysis of Relative
Citation Rates

A number of conclusions may be drawn
from the data presented here, First, Figure
3, which presents aggregate data, confirms
the overall quality of Chile’s science and
engineering. Especially striking is the

Pakistan 0.4
Taiwan .51
Nigeria 0.53
Mexico 0.54
Kuwait 0.56
Turkey 0.57
Malaysia 0.57
Fgypt 0.60
S. Korea 0.62
Venezuela 0.63
CHILE 0.64
Brazil 0.64
HongKong 0.66
India 0.75
Argentina 0.75

0.00 0.20 0.40 0.60 0.80

Figure 4: Relative citation rates, chemistry.
Source: Braun et al., 1988b.
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Figure 6: Relative citation rates, physics.
Source: Braun et al, 1988c.

° In the bar charts, countries are listed in rank order
of their relative citation rates. However, small differen-
ces in relative citation rates are probably not statistically
significant, even for countries whose authors publish
large numbers of papers. We have not performed statist-
tical tests to determine the significance of the differences
between Chile’s relative citation rates and those of other
countries. Here we wish only to give an impression of
Chile’s standing in various fields of science. The statistical
procedure for performing such analysis is given in Braun
(1988e).

quality of Chile’s physics (Figure 6). Chile’s
relative citation rate for physics is much
higher than that of Mexico, which has the
next highest rate among the developing
countries (though Mexico published twice
as many papers: 899 vs. 410 for Chile). In
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Figure 5: Relative citation rates, life sciences.
Source: Braun et al, 1988b.
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Figure 7: Relative citation rates, mathematics.
Source: Braun et al., 1988c.
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Figure 8: Relative citation rates, engineering.
Source: Braun et al., 1988c.
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fact, Chile’s physics is in the same. class
as a number of industrialized countries.
“Physics”” here includes the earth and
space sciences (Braun, 1988d). Chile has
world-class international centers in both
fields at which scientists from Chile and
many other countries work, It is likely
that these centers are largely responsible
for Chile’s high relative citation rate in
physics.

Equally important, given Chile’s high
activity level in the life sciences, is the
country’s mediocre relative citation rate
in these disciplines (Figure 5). Kenya, the
Philippines, Colombia, and Taiwan, which
have the highest relative citation rates in
the life sciences, all have international
research centers in one or another of these
fields. Life sciences as a whole constitute
about 65% of Chile’s total publication
output (Figure 1), and it is clear that the
quality is not commensurate with the
quantity of publications in these disciplines.

Chile’s chemistry and mathematics (Fi-
gures 4, 7) are clearly in the same range as
the other large Latin American countries,
The quality of Chile’s work in engineering,
however (Figure 8), is at the lower end of
the scale for these disciplines.

Recommendations

Based on these analyses, two tentative recom-
mendations concerning efforts to advance
Chilean science and engineering are put
forth - to receive critical evaluation by
appropriate science and engineering com-
munities, First, in attempting to promote
needed scientific diversification and de-
velop its strong fields of research, Chile
should be selective, not attempting to
expand in a wide variety of new directions.
Promising approaches to the development
of new fields of research include: making
more use of existing Latin American, as
well as U.S., research and educational faci-
lities in those fields, and offering incentives
for the return of Chilean scientists from
abroad in disciplines targeted for expansion.

In particular, the bibliometric data
suggest that Chile should consider building
on its existing strengths in biomedicine
and clinical medicine, as an alternative to
expanding into new medical specialties.

While Chile shows much international
strength in clinical medicine specialties,
many of these specialties tend to be very
small. Some of them are also old and
lack international competition. The worst
case, involving study of viral hepatitis, has
a 20 year old intellectual base composed
entirely of U.S. papers. Overall, about
40% of Chile’s clinical medicine specialties
are young. With respect to Brazil, 90% of
these specialties are young; Venezuela
(67%); and Argentina (50%). Mexico ranks
below Chile with 33% being young. Clearly,
therefore, Chile should encourage advanced
training and sabbaticals abroad for its ma-
ture faculty, and foster the integration of
newer trends in biomedicine into existing
research.

For example, in attempting to develop
Chilean biotechnology, it may be wise to
focus on applications in biomedicine. By
proceeding in this manner, Chile would
both improve its already significant abilities
in the biomedical fields and also accelerate
the incorporation of advanced biotechnol-
ogical knowledge and techniques into the
national scientific cormnmunity. Agricultural
and energy-related biotechnology efforts
would appear to have less impact on exist-
ing research. Introduction of more modern
instrumentation and biomedical engineering
skills should also be explored to interna-
tionalize and update the biomedical com-
munity.

Remaining with the theme of building
upon existing scientific strengths, Chilean
scientists should make more and better
use of the country’s international as-
tronomy facilities, especially the Inter-
american Observatory at Cerro Tololo. All
of Chile’s nationally strong specialties in
the 1984 CRP model are in astronomy.
While institutional data for the 1984
model is not available, inspection of 1982
specialties strongly suggests that Cerro
Tololo is an important Chilean institutional
address for many important 1984 astro-
nomy specialties. These specialties tend to
be young, large, and highly competitive
internationally.

Countries as scientifically diverse as
France, the Netherlands, Great Britain,
China, Canada, Japan, West Germany,
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Mexico, Australia, the Soviet Union,
Turkey, and Sweden as well as the United
States participate in these specialties. U.S.
institutions participating in astronomy
specialties included all the major U.S.
astronomical facilities and universities, as
well as IBM and Bell Labs. Certainly
further opportunities exist for Chileans to
take advantage of this international
scientific presence to strengthen Chilean
astronomy and related fields such as
mathematics and theoretical physics. Consi-
dering these potential advantages from
international institutes, Chile should
perhaps more aggressively compete for
establishment of international facilities in
areas such as earthquake engineering, and
advance more local participation in these
facilities.

Finally, Chile must be discriminating
in support of research to advance
technology. High-technology areas have
become popular throughout the develop-
ing world and, among donor agencies, as
a means to strengthening capacity for
research in fields with economic impact.
Microelectronics stands out in this regard
as the most frequently discussed and most
energetically pursued set of disciplines.
Chile, however, shows less strength in the
applied physical sciences which support
microelectronics than in its overall capabi-
lities. This is in contrast to, say, Venezuela
or Brazil. If it wishes to pursue research
with high economic impact, Chile might
do better to develop more science and
engineering expertise in technology related
to its basic industries, including copper
mining, metallurgical extraction, and col-
lateral activities.

Our second major recommendation is
that Chile and the United States must
together develop criteria for interna-
tional cooperation that work for both
sides. In recent years, industrial countries
generally have become more cautious
about international cooperation. Budget
limitations and pressures arising from
international competition have encouraged
industrial countries to monitor science
abroad more carefully, to emphasize more
clearly that cooperative efforts should be
mutually beneficial, and even in some cases

to limit foreign access to domestic research
centers,

While the idea of mutually beneficial
collaboration is clear in the minds of both
Chilean and U.S. scientists and policy-
makers, the increasing reticence of in-
dustrialized countries to collaborate
internationally has made the idea difficult
to implement. Concerned parties in both
countries must work to develop better
criteria for mutually beneficial research if
the goal of increased collaboration is to
be met.

Bibliometric data indicate that the U.S.
is dominant in global research across most
scientific fields. If mutual international
strength is a U.S. criterion for international
cooperation, only one specialty (out of
about 28,000) in the 1984 CRP model
passes the test: a ‘“‘nuclear reactor safety”
specialty in which both the U.S. and Japan
are internationally strong,.

As an alternative, Chile and the U.S.
might agree to collaborate in a set of
specialties, in some of which Chile is inter-
nationally strong and the U.S. weak, and
in others the U.S. is strong and Chile weak.
A difficulty with this approach is that
there are few specialties in which Chile is
internationally strong and the U.S. weak.
Table II lists the numbers of specialties in
the CRP model for which the U.S. is inter-
nationally weak and other countries,
including Chile, are strong. In addition,
Table II indicates how many of the special-
ties which satisfy both of these conditions
are also young.

Table II implies that Latin American
countries, especially Chile and Venezuela,
offer limited opportunities for bilateral
cooperation in young specialties. However,
even in the case of France, less than 0.5
percent of the specialties in which France
is active pass the test, with the correspond-
ing figure for Japan being significantly
lower,

This argues for more consideration of
multilateral approaches which will aggregate
the benefits of research in such a way
that all individual partners benefit signi-
ficantly. Participation by several individual
industrial or Latin American countries and
by consortia of small countries on Chile’s
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TABLE 11

Young Specialties in which the U.S. is Internationally Weak and Selected
Other Countries are Internationally Strong

Country Active Intl’y In which U.S. of
Specialties Strong is Int’ly which
Specialties Weak Young
France 15,114 106 81 (76%) 59
Japan 14,545 98 65 (66%) 45
Argentina 1,465 36 20 (56%) 7
Mexico 1,216 23 11 (48%) 7
Brazil 1,988 27 12 (44%) 6
Chile 1,075 25 8 (32%) 3
Venezuela 582 31 14 (45%) 3

behalf could increase benefits to the
United States. The Organization of
American States is one existing channel
through which such multilateral collabora-
tion could occur. On the U.S. side, multi-
agency funded international programs have
the potential to offset the often limited
benefits realized by highly specialized
individual agencies.

Concluding Remarks

This paper used recently developed
bibliometric measures of national and
international research capabilities to assess
the scientific strengths of Chile. We
compared science and engineering in Chile
with other countries in Latin America and
with nations such as India, China, and
Taiwan. The paper did not attempt to
achieve exactitude in rating and ranking
Chile’s scientific strengths. Rather, its goal
was an improved basis for identifying
windows of opportunity for cooperation
in international research, especially be-
tween Chile and the U.S. This paper is an
example of how bibliometric indicators can
contribute significantly to setting the
agenda for mutually beneficial collabora-
tion in science and engineering between
Latin America and the U.S. over the next
decade.
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