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Latin-American scientific achievement is generally under-represented in databases for a
number of reasons pointed out in our study, In this paper we analyee Latin-American scientific
production in terms of input (resources) and output (publications). The indicators used were:
Gross Domestic Product (GDP), economically active population (EAP), percentage of GNP
destined to R+0, and total number of researchers dedicated to R+D. These indicators were
subjected to bivariant analysis to determine the degree of correlation with the number of 151
publicaticns.

T

:""ﬂ ; Introduction
¢ ﬂtu:lies about the scientific situation of America Latina (AL) usually have a regional
mainly because the weight of AL with respect to total scientific production
orldwide is less than 2%. ! One interesting general view of the problem is the report by
doza and Fillegas,? which presents a series of socio-economic indicators for each
i-American country between 1980 and 1990, with a deeper analysis of the situation
of the six most important nations (Brazil, Argentina, Mexico, Chile, Venezuela and
Mmhla] These are compared with some of the emerging economies of southwest
ﬁ (Taipei, Korea and Singapore) regarding their budgets for Research and
mmem (R+D) and total scientific publications. The study does not, however,
w the relationships between the different variables, and the conclusions drawn are
3 very general nature,
"F“;Imvimon et al.,’ meanwhile, analyze the relationships between the number of
seientific publications per country and the corresponding gross domestic product
W}; besides determining the most productive cities of America Latina, they calculate
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the volumes of transnational cooperation among the countries of the region and with
industrialized countries. The graphics evidence the degree to which each Latin-
American country is attracted to the sphere of European influence or of North American
influence.

The problem with trans-regional cooperation in the late 80°s has also been
documented by Narvaez-Berthelemot.*S The most valuable aspect of these studies,
however, is the thematic categorization of the collaborations of an interregional nature,
There is great deal of collaboration in certain fields (e.g., Clinical Medicine) in
comparison with others (e.g., Mathematics). The research carried out by Krauskopf
et al.? surrounds the citation of studies by Latin-American scientists. This information is
classified by country and thematic area, and spans the period 1981-1993.

Other studies focus on one particular country. Such is the case of Argentina and its
scientific production, as analyzed by Quesada-Allué and Gitlin during an unusually long
period; 1966 to 1983.7 These authors describe some comparative relationships between
the economy of a country and its scientific production, and offer a comparison over time
for the volume of scientific documentation in Argentina itself, and in Brazil, Mexico,
Spain and Israel. Ferndndez® analyzes Argentinian scientific production with greater
detail to city of origin and type of institution responsible, in an atternpt to quantify the
scientific production of the main universities of Argentina. The methodology applied,
however, raises some doubts: the databases used do not provide a solid groundwork for
determining production by institutional affiliation.?

Comparative studies between just two countries include the one by Sikka,'? who
compares Brazil with India on the basis of their similarities (highly populated, with high
GDP but widespread poverty as well, and fairly well developed scientific and
technological systems). Although the two countries are shown to have similar levels of
scientific communication, the conclusions are weakened by the reliance on data sources
with a bias toward English-speaking countries.

There is also a selection of studies that do not refer specifically to AL, but include it
in reference to worldwide problems or characteristics of less developed countries
(LDC’s). Schubert and Braun present three bibliometric studies about developing
nations, analyzing 1) publication potential of each country; 2) the patterns of co-
authorship; and 3) the relationship between bibilometric indicators and sociceconomic
indicators. The latter is presented using the methodology of the *Chemnoff faces,” which
allows the multidimensional representation of data.!! They found English-speaking
LDC’s, with India at the lead, to have a high proportion of scientific production. (This
phenomenon was considered important in the context of our own study.) The study by
Osareh and Wilson,'2 on the other hand, quantifies citation of a country within seven
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thematic areas, and determines Brazil, Mexico, Argentina and Chile to be the
sn-American  countries with the hest citation indexes. A study of similar
acteristics gives a ranking of the top 30 countries by virtue of the number of
jons.'? Appearing in the bottom third of this list are Brazil (30), Mexico (29),
gina (26) and Chile {23).
. Finally, there are more general studies of scientific development, or with results
cen down by countries, The studies by Schubert and Braun are considered classics:
present series of data on scientific production, citation and collaboration for all the
auntries of the world and in different fields of knowledge.!*17 The tabulated data
seompanied by graphics help relate two variables, (or even more using the "Chernoff
2s"). Despite the predominance of the research by Braun and Schubert in this area,
analysis of the "Matthew Effect” by Bonitz et al.'® is not to be overlooked. This
nciple, which was first described by Merton in another classic work!? with regards to
: individual contributions of scientists, is evoked by Bowmitz to highlight the uneven
ribution of scientific achievement and communication around the world.
All these assessments of scientific production rely on numerical data for publications
gitations. Only a few take into account other scientific or economic indicators in
to give a more complete view of the context in which each country mowves,
entific and technological indicators, as quantitative units of measurement of the
ameters that define the state of and the dynamics of the systems of research and
'_ nology, 2! offer more than a simple inventory of articles. If we consider the
fentific context of a country as a system that is kept alive by resources (input) and that
es something (output), we will need information about both these factors in order
zmpt some sort of evaluation.
The present study compares the scientific input and output of Latin-American
ies. Input is understood as the human and economic resources invested in R+D,
as output refers to the publications that the country has generated by means of
¢ resources. Socio-economic indicators are also used in order to determine the
e to which each country follows or departs from the general tendency of the

Material

 The source of data to be used was our primary concem. Technical and scientific
- t&mmrs ~ so important for the economic and social development of a region, the
_ dllotment of resources, the establishment of policies and the evaluation of results —2!
- &an prove to be a handicap if derived from unreliable data sources. In recent years this
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matter has received much attention, and several countries are publishing detailed reports
on their scientific activity. In fact, examples can be found on the web for Argenting,
Brazil, Mexico, Chile and other countries (see Appendix D). There is little Uﬁifﬂrmi,g}r
among such reports, which leads to difficulties in processing the information
Fortunately, the Ibero-American network of Science and Technology indicators (Reg
Iberoamericana de Indicadores de Ciencia y Tecnologia, or RICYT) was created with
the main objective of gathering and processing information of this type. This initiative
was developed in the framework of the Programa Iberoamericano de Ciencia y
Tecnologia para el Desarrollo (CYTED), and the Mercade Comin del Conocimientg
Cientifico y Tecnologico (MERCOCYT) of the OAS (Organization of American
States).

The RICYT compiles data through direct contact with the R+D authorities of each
country, according to the guidelines set forth in the well-known Frascati Manual of the
OECD (Organization for Economic Cooperation and Development). The first edition of
the indicators lacked precision, as the countries themselves had little control of their
own data. Further obstacles were encountered in arriving at an appropriate definition of
“experimental research and development” (R+D), and “scientific and technological
activities” (STA).2? These indicators have since been corrected and updated, and,
together with the data from previous years, are available on the web
(http://www.ung.edu.ar/ricyt/tapa htm}. The study presented here is based exclusively on
the indicators acknowledged by the RICYT.

Equally important to us was the source of data to be used for measuring the output of
a country, Studies of this type usually take two separate indicators into account: 1) the
number of articles published, and 2) the number of patents registered (though this
second indicator suffers from bias in the direction of applied research). Our study uses
the first indicator alone, obtained from the Science Citation Index (SCI) of the Institute
for Scientific Information (ISI). For the first part of the study, the CD-ROM version of
the SCI was used, whereas the second part involved three databases: Science Citation
Index Expanded (SCle), Social Science Citation Index (SSCI), and the Arts &
Humanities Science Citation Index (AHSCI), all accessible through Dialog. This
methodology allowed us to more accurately reflect the subject matter of the articles. The
CD-ROM version, while more versatile, does not have thematic fields such as Subject
Category (SC), nor information on the pertinence of a given record to one of the seven
Current Contents of the [S1.

Monetheless, the use of the 151 is criticized by many academic sectors. The most
frequent complaint is the almost exclusive predominance of documents published in
English.2?* Others point out that the popularity of the publications varies widely -
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: Wgred by achievements that are acknowledged too late or are integrated into more
* pasic ideas — and that citation is dependent on the field of science.2* A study by Sancho
~ indicates that the real volume of scientific production of the most developed countries is
~ much higher than that reflected in the IS1.2% This phenomenon is not the exclusive
s ’Pniman}r of the 1S bases, and indeed it affects the majority of the databases that are
 gonsidered most important for each specialized area 26 This is apparent in the RICYT
_ data on AL presence in some of the most important international specialized databases:
al (Bibliographie Internationale), INSPEC (Physics Abstracts), Compendex
; ineering Index), CA (Chemical Abstracts), BIOSIS (Biological Abstracts),
MEDLINE (Index Medicus), and CAB {(Commonwealth Agricultural Bureau). In
~ Appendix A we give the Pearson r correlation coefficient for each of the databases and
~ the SCI version available through Dialog (SCI-SEARCH). The levels of correlation are
#iﬁc&mly high (>0.97), demonstrating that the behaviour of the SCI does not differ
 from that of other major specialized databases.
. The case of the ISI bases generates much debate, however, on account of the fact
I fhat they are used to evaluate the visibility of a scientific work through citations of it.
8ome critics systematically discredit the method of amalysis based on citation;
MacRoberts, among them, affirms that a rigorous study of publication would require a
' gomsideration of some of the sociological variables of the setting.27-28
~ Such criticism can lead to endless discussion. We should be aware that the IS1 bases
'9,- not necessarily the best ones possible, but they are virtually the only ones. This is
ﬁy some say that the ISI does not reflect science, but rather is science per se. With
f to systems evaluating the scientific production of many countries around the
“'ﬁgthis may be true. The value of bibliometric indicators is one of the points of
ethodological dissidence in the RICYT workshops. The second part of our study does
include these indicators precisely because “there is an intense, though incipient,
ate as to their validity in the region, owing to serious questioning of the generalized
¢ of international databases that do not adequately account for the scientific
duction of America Latina".2?
Bibliometric indicators are a useful tool for evaluation, yet they have the
dvantage of not always being automatically applicable. For instance, we cannot
ke a sound comparison of scientific production between Argentina and Great Britain
se the latter is over-represented with respect to the former. It would npt even be
to compare one Latin-American country to a similarly undeveloped English-
ing nation (as in the aforementioned example of Brazil vs. India), because the bias
: _' Id obviously work in favor of the latter. If, however, our aim is to offer a
. ?Mmative view of Latin-American countries alone, the bases introduce very limited
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bias, because for an Argentinian scientist it is just as difficult to publish in a jourg
included in the SCI as it would be for a Brazilian or Chilean scientist. We can assym,
that this equality of potential access to English-language journals is the same throughey
the region, with the exception of Cuba. If we count the articles co-authored by scientigyg
of each Latin-American country with scientists from the United States, we sce figureg
for collaboration ranging from 10% (Argentina) to 63% (Honduras). In nearly all these
cases, the scientist from the US is the main author; this means that texts co-authoreg
with scientists from the US are more visible in these databases. The percentage of cq.
authorship in the case of Cuba is a meager 4%, in collaboration with Spain, Mexico, angd
the US, respectively. This low graphic for scientific collaboration is a clear indicator of
Cuba’s isolation, Otherwise, the difficulty in access to publication is fairly evenly spreag
over the region, which leads us to believe that the ISI bases are very adequate for the
purposes of the present study.

Another criticism often heard in with reference to these databases is their lack of
balance. The “hard sciences™ are reflected accurately in the SCL, but not as well in the
S5CI, and much less in the AHCI. Research at the University of Leiden, (the
Netherlands) is aimed at obtaining scientific indicators for these areas.?”

Methods

The first step of the study was to define the portion of the SCI relative to AL by
noting the presence of each one of the countries of this geographic region. Determining
the volume of studies corresponding to each country was no easy task. The CD-ROM
version does not discriminate by country in an ad hoc field, but instead presents country
of origin as an aggregate to the field of institutional affiliation. The initial processing of
this information was quite complicated for Paraguay, which gave a suspiciously high
volume of documents at first sight. The revision of each single record allowed us to
identify the problem: the School of Medicine of the University of Buenos Aires (LUBA)
is located on a street named “Paraguay,” and therefore all the records corresponding to
this School were retrieved under this name. Another problem arose with Puerto Rico,
which proved similarly difficult to discriminate because it is considered, for most
purposes, as a state of the US. For this reason, together with the lack of socio-economic
indicators of its own, Puerto Rico was not included in the study.

Once the values were obtained for each country, they were tabulated by year, as can
be seen in Appendix B. The analysis of this information allowed us to observe not only
the documentary volume per country, but also its evolution over time.
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; @é Then the socio-scientific-economic indicators published by the RICYT were

stracted. Some countries unfortunately lacked these indicators. Thus, only countries
t in the RICYT report were analyzed. The indicators used were: Gross Domestic
(GDP), economically active population (EAP), percentage of GNF destined to
and total number of researchers dedicated to R+D. These indicators were
ed to bivariant analysis to determine the degree of correlation with the variable

gumber of publications.

¥

Results and discussion

~ As we indicated earlier, Appendix B contains the number of publications by Latin-
muican scientists shown by country and year. From this information Fig. 1 was drawn
“ illustrate the percentage of total Latin-American publication corresponding to each

. Brazil, Argentina, Mexico, Chile and Venezuela, respectively, were found to be
the top producers of scientific articles.

Mexico 1g% Chile 10%

Venezuela 5% X_/Gnlumd:-iaz‘%

o Cuba 2%
N Ui 1%
£ Argentina 20% b
i Fem 1%
' e T - Costa Rica 1%
i Others 3%
Brazil 37%
i
i
x% Fig. 1. Percentages of AL scientific production by country (SCI 19%1-97)

Figure 2 illustrates the evolution over time of these top producers (1991=100%).
¢ the countries with substantial scientific production were included in the figure
the other countries tended to have sudden wvariations in the publication of
, making it difficult to perceive trends. The x-axis was located in the mean
fth of the region (0.1315), indicating that the region overall has grown at a rate of
 per year during the period studied. Several countries grew at a rate above this
g, most notably Colombia, followed by Cuba and Mexico. The slope obtained for
fitina’s growth is not as steep, but it appears more stable over time. In the case of
we observed a steady increase in publishing that closely reflects the regional
e, basically because most of the publications originate in this country. At the
. Ohier extreme, we can underline Colombia’s stagnant scientific production.
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Fig 2. Relative growth of main scientific producers (SCI 1991-97)

Figure 3 gives the first crossover of indicators, in this case GDP and number of
articles per country. Most of the GDP figures are for 1995; but as figures for this vear
were not available for Guatemala (GT), Honduras (HN) and Uruguay (UY), data from
1994 were used. Indeed, the reason for choosing 1995 as the year of reference was that
it provided the most complete data; figures for 1997 are not yet available, and 1996 is
very patchy. The cloud of dots seen in the figure has an R value of 0.6877, indicating
that there is a positive relationship between the economic potential of the couniry and its
scientific production.?!

The linear trend reflects indicate the general tendency of this relationship. All those
points situated above the line indicate that the country in question has a greater scientific
production than might be expected from its economic potential. On the other hand, the
points below the line suggest that the economic resources have not been optimized in
order to enhance scientific production. The clearest example of this is El Salvador (SV),
a country with a GDP similar to that of Costa Rica (CR), but that scarcely publishes in
scientific journals. Otherwise, the countries studied are all fairly close to the curve, with
Chile (CL}), Cuba (CU), Costa Rica (CR), Paraguay (PY) slightly above the average. and
Honduras (HN), Ecuador (EC) Peru (PE), and Colombia (CO) just below. It should be
noted that the GDP for Cuba was calculated in dollars according to he official exchange
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rate (Cu$ 1=US$1), which is not very exact; however, a more realistic exchange value is
 jmpossible to calculate under the current political and economic circumstances.

i

GDP 1985 (in millions of US$)

Fig. 3. GDP vs. publications
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The second variable of analysis is the expenditure in R+D of each country. This
ator is one of the most important reference values in assessing national scientific

tion. It may be expressed as an absolute value, but more often is given as a
entage of the GDP. The giants of scientific production (US, Japan, Western Europe)
spend over 2% of GDP on R+D. This percentage, in fact, is considered to be the
hold separating scientifically developed nations from scientifically undeveloped
‘As might be expected, AL is far from reaching this threshold, and few countries
exceed 1%. Another serious problem plaguing this region is that many countries,
ding some of the “big” ones like Argentina, have no record of their own
. ents in R+D. This is why Fig. 4 is not as complete as Fig. 3. Moreover, the

arity of criteria for delimiting the field of R+D creates further problems. Figure 4
a cloud somewhat similar to that of the previous figure, in this case with an
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