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This paper reports an investigation into the referencing pattern of Brazilian agricultural 
scientists. The study was based on the use of both quantitative data - citations appearing in 
a sizeable sample of articles pubhshed by these scientists - and qualitative data - interviews 
with a large number of scientists who authored the source papers. The aim was to explore 
the extent to which citation counts may be taken as valid indicators of the quality, 
influence or impact of pubhshed scientific knowledge in the general context of a 
scientifically peripheral country. The findings presented confirm the view that in this 
context, citation patterns are significantly influenced by factors "external" to the scientific 
realm and, thus, reflect neither simply the quality, influence nor even the impact of the 
research work referred to. 

Introduction 

Citation counts have tended to be treated as a reliable indicator of the quality 1 
of scientific output, to the extent that they could be considered a measure of scientific 
progress, and not simply of scientific productivity as are paper counts)  This stance 
has been justified by the correlation of citation counts with various other indices 
of "quality" such as Nobel laureat counts and peer evaluation. 3 The underlying 

assumption of the use of references as a measure of quality is that,"the research a 

scientist cites in producing his own papers represents a roughly valid indicator of  

influence on his work"# Thus, citations to a document are taken as indicating its 
influence on the research reported in citing papers, s It still remains to be seen whether 
in fact quality may be conflated with influence in this way. 6 However, most 

sociologists of science have been concerned to test the assumption that citations 
reflect the influence of one scientist upon another. The point has been disputed 
on the basis that "the use of  citation patterns as an index of lines of  intellectual 
influence, clearly involves a theory of citing which is far from being satisfactorily 
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elaborated. ''7 Attention has been called to the fact that little is known about how 
scientists decide to cite papers in their work and why they choose to cite particular 
papers rather than others, s It has also been suggested that the conceptual confusion 
surrounding the use of citation counts may be avoided by viewing these as a measure 
of the impact, rather than quality, of scientific publications. 9 This contribution is 
valuable because it recognises that social factors play a role in shaping citation 
patterns in science. 

These considerations notwithstanding, there remains a consensus that "citations 
are very often a visible record of genuine influence", ~ o although it is now generally 
accepted that citations reflect actual influence rather than potential influence, and 
represent an approximate measure at that. Yet it is becoming increasingly clear that 
citations are not always or solely a reflection of the influence of a particular piece 
of research on another group of researchers. As Edge argues, "the giving of citations 
is only one aspect of the behaviour of scientists; and if, in any instance, the citation 
picture is to be accepted as the most accurate available representation of  the real 
events, it can only be because it is well supported by other evidences"J ~ Thus, 
precisely because social factors mediate citation behaviour in science, it is advisable 
to use data additional to those derived from citation counts when measuring the 
quality of scientific output. In particular, it is advisable to use qualitative data derived 
from face-to-face interviews if we are to be sure of exactly what citations measure 
and what, therefore, we may safely conclude from citation counts. This means that the 
analyst must have some first hand experience of the scientific endeavour under study. 
It also means, as Mulkay amongst others have argued, that "if  we are to study in detail 
the operation of  scientific communities, we must have the active cooperation of 
participants". 12 Of course, all of  this renders the validation of citation counts a 
potentially laborious process but, I would argue, the effort involved can be easily 
justified where there is reason to believe that the pattern of formal communication 
in science - as reflected in the publication and citation of scientific papers - does 
not fully reveal the network of influence operating, or the quality of cited (and 

uncited) research work. 
To date, analyses of the social factors which shape the citation behaviour of 

scientists have been based on studies of science in the developed/industrialized 
countries. In so much as these countries are "advanced" in terms of scientific output 
(this is not true of all industrialized countries), we may consider them to be at the 
centre of scientific endeavour globally. By contrast, all of  the developing/less 
developed countries (with the possible exception of India) are on the "periphery" of 
the international scientific community) 3 Existing studies of science in the latter 
suggest that the formal communication patterns of  scientists working in developing 
countries is heavily influenced by their being on the periphery) 4 If this is indeed 
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the case, the need to investigate the citation behaviour of  scientists working in the 

developing countries - using qualitative as well as quantitative measures - would 

seem particularly urgent. 
As it is, a number of additional problems emerge when the use of  citations is 

extended to assess scientific output in scientifically peripheral countries. First, the 
data base conventionally used in the study of citation patterns - that is the Science 

Citation Index (SCI), which is the only computerised source available - is arguably 

biased in favour of  the scientifically central nations. 1 s Thus, when the SC1 is used to 
assess the national scientific effort of  peripheral countries it is able to grasp only 
the contributions of  these countries to internationally "mainstream" research, which, 

as we will see, is only a small part of  their scientific output. Second, literature-based 

analyses of  developing countries have generally been undertaken on a country 
comparative basis and the data are frequently aggregated so as to assess gross scientific 
effort. As a result, the comparison of scientific performance of developing countries 

with one another or with that of the leading scientific nations may be misleading: it 
makes no account of  the great diversity in environment and social conditions in 

which scientific activity takes place in different nations. 16 Moreover, it has been showI 
�9 that the "product mix" in scientific research is not the same the world over, 17 and 
so if figures aggregated for all research fields are compared they will tend to mask 
the contribution of  developing countries to specific areas of  knowledge in which they 
may be focusing their scientific effort. 

There have been very few attempts to investigate in depth a specific scientific 
field in a particular developing country using citation measures from sources other 
than the SCI. 1 s Even less effort has been devoted to trying to find out exactly what 
citations measure or reflect in the case of  these scientifically peripheral nations and 
what factors influence the decision of scientists in these countries to refer to some 
papers and not others. 

This paper reports an investigation into the referencing pattern of  scientists in a 
single country, Brazil, and a particular field, agricultural science. Brazil is of 

interest because it ranks as one of the higher scientific producers of  the developing 
world.X 9 Agricultural science is of particular interest to developing countries - not 

least because of the pressing problems of food supply and agricultural productivity - 
and has for many years received a substantial portion of Brazil's scientific resources. 

It could be argued that aglicultural science may constitute a poor choice as a 

subject in studies of  this kind. Agricultural science is an applied field, and as such it 
is frequently suggested that work in it would be of local relevance only. Whereas 
research in basic disciplines is universalistic in its appeal, the potential audience for 
agricultural science may be far more restricted. 2 o Despite its plausibility, the validity 

of  this hypothesis is yet to be certified. The term applied science is frequently 
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misunderstood as if it were nothing but the application of a given science. It is 
necessary to bear in mind that "the production of applicable science will of necessity 
entail a process of theory-construction evolving independently from the mother 
disciplines,,.21 Thus, agricultural science involves the development of theories which 
lead to special heuristics, research methods and explanatory models of universal 
interest. 

The study was based on the use of both qualitative and quantitative data. In order 
to avoid the pitfalls surrounding the use of sources like the SCI, citations appearing 
in a sizeable sample of articles published by Brazilian agricultural scientists were 
analysed. Interviews were then conducted with a large proportion of the scientists 
who authored the source papers in an attempt to find out how and why the formal 
communication patterns described by quantitative measures emerge. The aim here 
was, therefore, to explore the extent to which citation counts may be taken as 
valid indicators of quality, influence or impact of published scientific knowledge in 
the general context of a scientifically peripheral country. In addition, it was hoped 
that the study would elucidate some of the specific conditions surrounding the 
performance of agricultural science in Brazil, and so suggest some areas in which 
citation-based indicators may be of use to science policy makers in developing 
countries. In the concluding section of this paper, I make a few, simple policy 
proposals for countering the situation described by the data. 

The data base and methodological procedures 

Agricultural science in Brazil is firmly established in two quite distinct research 
settings. On the one hand, the Brazilian Corporation for Agricultural Research 
(EMBRAPA), created in 1973, operates a network of research centres covering 
practically the whole nation. On the other hand, scientific activity was considerably 
strengthened with the establishment of graduate schools in agricultural colleges during 
the last two decades. Today, there are more than i00 graduate programmes in 
agriculture in Brazil which over the past twenty years have produced some 3600 
Masters and 200 PhDs. z 2 Whereas the main concern of EMBRAPA has been with 
technology-development research, more fundamental research is seen as the province 
of the universities. 23 

Although EMBRAPA is claimed to be "stealing" the best talent from the universities, 
a recent survey has shown that the centre of gravity for agricultural research in 
Brazil is still clearly with the universities. 24 For this reason, my data are drawn from 
eight graduate programmes offered by four Brazilian universities, namely, the Federal 
University of  Vi9osa (henceforth UFV), the agricultural branch of  the University of 
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Table 1 
Number of scientists with MSc and PhD degrees engaged 

to each graduate programme in the four universities studied 

UFV ESALQ UFRGS UFC TOTAL 
Degrees SSPN CP SSPN CP SSPN CP SSPN CP SSPN CP 

Masters 7 11 0 0 7 13 7 9 21 33 
PhDs 20 43 48 17 10 16 14 18 92 94 

Total 27 54 48 17 17 29 21 27 113 127 

Table 2 
Scientific output of each graduate programme at the 

four institutions studied 

Scientific UFV ESALQ UFRGS UFC TOTAL 
output SSPN CP SSPN CP SSPN CP SSPN CP SSPN CP 

Art. in-house J. 34 60 71 12 9 12 17 39 131 130 
Art. national J. 11 15 30 9 12 36 2 5 55 65 
Art. foreign J. 0 2 11 1 4 4 0 2 15 9 
National confs. 3 15 31 14 42 83 10 7 86 119 
Internat. confs. 0 2 18 3 9 1 0 0 27 6 
Research repts. 3 5 2 0 4 0 5 17 14 22 
Books (chap. in) 0 0 1t 2 1 3 0 0 12 5 
Others 0 4 34 5 11 tO 10 7 55 26 

Total 51 103 208 46 92 156 44 77 395 382 

Silo Paulo (henceforth ESALQ), the Federal  University of  Rio Grande do Sul (hence- 

forth UFRGS)  and the Federal  University of  Ceari  (henceforth UFC). The universities 

selected are located in different  regions of  the country  and each one o f  them is 

clearly the leading agriculture school in its region. Two graduate programmes in each 

university were selected for closer analysisnamely, Soil Science and Plant Nutri t ion 

(henceforth SSPN) and Crop Product ion (henceforth CP) -- on the basis that these 

were the only two subfields within the general field of  agricultural science in which 

all the four universities offer graduate training. Table 1 shows the number  of  scientists 

engaged in each programe. These data were taken from reports submit ted annually 

by the different Brazilian graduate programmes to research funding agencies in order  

to obtain scholarships for their master students. They document,  among other 

information,  the scientific output  of  the insti tutions in question. My sample of  

source paper was drawn from data in the reports submit ted for 1980, 1981 and 1982 

and relate to the output  o f  a three-year period - from August 1978 to July 1981. 

The scientific output  o f  each programme under  study, broken down according to 

where the articles appeared, is presented in Table 2. 
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For sampling purposes I dealt only with papers published in scientific periodicals 2 s 

(and I obtained copies of  all of  them). These papers were carefully read, their contents 
closely analysed and the origin of  the articles in their reference lists noted and 
classified. Thus, I distinguished self-citation (S) from in-house citation (H) and from 

Institutions 

Table 3 
Number of papers and references analysed 

\ 

SSPN CP TOTAL 
Papers Refs. Papers Refs. Papers Refs. 

UFV 45 683 77 1160 122 1843 
ESALQ 112 1621 22 272 134 1893 
UFRGS 25 404 59 1016 84 1420 
UFC 19 162 46 457 65 619 

Total, B. 201 2870 204 2905 405 5775 

Adv. C.J. 49 898 52 811 101 1709 

Total 250 3768 256 3716 506 7484 

references to work produced by Brazilian scientists at other domestic institutions 
(B). 26 Papers not referring to work done by Brazilian scientists were divided into 

those published in journals produced in Latin American countries (L), in other peripheral 
nations (P) and those published in advanced country journals (A). 27 

A similar analysis was performed on a selection of papers published in advanced 
country journals. To make the selection, I first established which scientific periodicals 
in category (A) were most heavily cited by my Brazilian authors. This produced six 
periodicals 28 which I scanned from 1975 to 1981 inclusive, searching for papers 
similar in content to those of my sample. 29 These papers were read and their references 

were classified as above, except for the category of in-house citation (H) which was 
not drawn since the work required to accomplish it was incommensurate with the 
aims and needs of  my investigation. Table 3 gives the number of  papers and references 

analysed in each subfield for the four Brazilian institutions and for my sample of 
articles taken from advanced country periodicals. 

Finally, I interviewed scientists from each of the four Brazilian universities in order 
to find out their reasons and motivations for selecting the literature they had cited in 
the source papers. I decided to interview only the scientists who had published at 
least one journal article, either as single author or co-author, during the period studied. 3 o 
In the event, I was able to interview 95 scientists in total: 24 each for UFV and 
ESALQ, 25 at UFRGS and 22 at UFC. 
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Results and discussion 

Table 4 gives the breakdown by origin of  the references in my sample of Brazilian 
and advanced country papers. In the event, there was no significant difference 

between the referencing pattern in the two subfields selected, and so citation data 
for these is aggregated here. 

The differences in referencing behaviour of  scientists from each of the four universiti 
will not be discussed here. For the purposes of this paper, I will consider first the 

Table 4 
Origin of papers referred to by Brazilian agricultural 

scientists and by a comparable sample of advanced country papers 

UFV ESALQ UFRGS UFC TOTAL ADV. C. 

S 220(12) 272(14) 138(10) 104(17) 743(13) 232(14) 
H 143(8) 191(10) 121(9) 41(7) 496(8) - 
B 423(23) 238(12) 143(10) 132(21) 936(16) 19(1) 3 
L 76(4) 41(2) 21(1) 15(2) 153(3) 9(0) 
P 26(1) 39(2) 10(1) 7(1) 73(1) 39(2) 
A 955(52) 1121(60) 987(69) 320(52) 3383(59) 1410(83) 

T 1843 1893 1420 619 5775 1709 

Figures in brackets give rounded percentage of total (T). 

referencing behaviour of advanced country agricultural scientists, notably to those 
working in peripheral nations; and second, the referencing pattern of Brazilian 
agricultural scientists - to their colleagues working outside their own institutions, 
in other peripheral countries and in advanced countries. 

Advanced country citation of peripheral country papers 

The data in Table 4 indicate that authors publishing in advanced country journals 
make negligible use of  work emanating from Brazil or from other peripheral nations. 
Peripheral country publications would appear to have had little impact or influence 

in the scientific activity of  central country researchers. A crude interpretation might 

conclude, on the basis o f  these findings, that the quality of  the scientific output of  
peripheral countries is extremely low. However, to conflate impact or influence with 

quality in this way is to assume perfect communication in the international scientific 
community; that the contribution to scientific knowledge embodied in a nation's 
published papers is available to all to see and judge and, therefore, that citations 
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represent an unambiguous measure of  their actual contribution to scientific knowledge. 
In practice, of  course, the world's publications are not equally available and, in the 
case of peripheral nations especially, social as well as cognitive factors determine the 
range of publications likely to be referred to. 

One of the social factors which greatly influence the likelihood of advanced country 
scientists referring to Brazilian publications concerns the language barrier between 
scientists in central and peripheral countries. Rabkin and Inhaber report that less than 
1% of  214 000 American scientists covered in one survey have a knowledge of 
Portuguese and only 0.22% have a competence equal to, or better than, the ability 
to translate this language into English. 32 Yet, in a survey conducted by Wood, 76% 
of the 2355 American scientists and technologists sampled had recently come across 
a paper in a foreign language which they would like to have read but could not 
because of the language barrier. In the field of biology, medicine and agriculture this 
figure was as high as 80%. 33 One important reason, therefore, why Brazilian agri- 
cultural literature is not cited by central country scientists is that it cannot be 
understood by the vast majority of them. Another, somewhat associated with this 
one, is that advanced country scientists have virtually no access to Brazilian publications. 
Only two of the 149 Brazilian journals listed by UNESCO were used as sources in 
the 1973 edition of WIPIS. 34 Neither of these two journals is available in North 
American libraries outside the Institute for Scientific Information. 3 s Furthermore, 

neither of these two journals deal with agricultural science. The Science Reference 
Library in London is the only place in the UK where some Brazilian agricultural 
journals may be read. Even in this library, the collections are far from complete, 
lacking many numbers and, not rarely, whole volumes. Clearly, Brazilian agricultural 
papers are made virtually inaccessible to advanced country scientists by both language 

and publication location constraints. 
It could be argued that these constraints account only in part for the little use 

that advanced country scientists make of Brazilian scientific literature for, as Rabkin 

and Inhaber found "scientists from peripheral nations often publish in journals of 
the central nations", a 6 However, Brazilian agricultural scientists do not publish often 
in advanced country periodicals. Table 5 gives the location of articles published in 
scientific periodicals between August 1978 and July 1981 by scientists at the four 
Brazilian institutions studied. It shows that only 6% of their scientific output appeared 
in foreign periodicals. Moreover, about 70% of the papers published abroad were 
co-authored by American and Brazilian researchers. The latter maintained in the 
interviews that publishing these papers in foreign journals was a requirement of their 
American graduate supervisors and that they had no intention to continue to do so. 
Similarly, out of the 101 papers from advanced country periodicals sample, only 
one was authored by Brazilian agricultural scientists. Because of this feature, the 
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language barrier and the inaccessibility of  Brazilian journals are particularly important 

factors militating against Brazilian agricultural publication's being known by and, 

consequently, cited by, advanced country scientists. 
However, language and publication location constraints cannot account for the 

equally low use advanced country scientists make of papers from other peripheral 

nations - 2% of the total number of  references - which are often published in 

Table 5 
Publication location of articles produced by Brazilian 
agricultural scientists from August 1978 to July 1981 

Journal UFV ESALQ UFRGS UFC TOTAL 

National Journals 
Ed. by Inst. itself 94(77) 83(62) 28(33) 56(86) 261(64) 
Ed. Other Braz. Inst. 26(21) 39(30) 48(57) 7(11) 120(30) 

Non-national Journals 
published in USA 1(1) 2(1) 8(10) 2(3) t 3(3) 
other 1(1) 10(7) 0(0) 0(0) 11(3) 

Total 122 134 84 65 405 

Figures in brackets give rounded percentage of total. 

English and in more readily available periodicals. (The case, for example, of those 

African and Asian countries once under British rule). It  seems, then, that other factors 

may also shape the referencing pattern of researchers in the advanced countries. This 

issue was raised in the interviews with Brazilian scientists, some of whom suggested 

hhat advanced country scientists do not refer to research work carried out in peripheral 
nations because they do not esteem it particularly highly. One interviewee illustrated 
this point by describing an incident he witnessed during his doctoral training in the 
US: " I  was attending a genetics course and was given a handout about breeding 

maize by the convenor of  the course. It contained a statement to the effect that 
Webel and Lonquist, in the US, had obtained a 9.44% gain per year with their new 
maize hybrid and Parteniani, in Brazil, got a gain of  13.6% with his. It went on to 
say that Paterniani's results were remarkable, i f  true". There, for any student to read, 
was a clear indication of  distrust, on the part of an academic researcher, for research 
findings produced in a peripheral country. 37 

I would argue, then, that factors other than the intrinsic quality of a publication 
determine in great part whether or not it will be cited. And, as a result, the qualitative 
contribution of those scientific nations more on the periphery internationally will 
not be reflected in the number of references they receive by advanced country 
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scientists. It would be reasonable to assume that if the factors outlined above were 
removed, citation counts may then more accurately reflect the quality of knowledge 
generated in peripheral countries. As language and access to Brazilian journals would 
seem not to place any problem to the communication of scientific findings within 
the Brazilian agricultural scientific community, it will be worth observing the referencing 
pattern of this community. 

Citation pattern of Brazilian agricultural scientists 

The figures presented in Table 4 show that Brazilian agricultural scientists' use of 
self-citation is comparable to that of their advanced country colleagues. When S is 
combined with H composite figures are obtained which are similar to those reported 
by 1trine and Martin for four radio-astronomy groups. They found that from 16 to 
22% of all citations by these groups were self plus in-house citation. 38 My figures 

for the four institutions range from 19 to 24%. The proportion of references to 
Brazilian scientists at other domestic institutions (16%), to peripheral countries (4% 
including Latin America) and to advanced country publications revealed by my findings 
corroborate earlier studies of the scientific communication in peripheral countries. 39 
In other words, there is evidence here that Brazilian agricultural scientists have very 
weak linkages with Brazilian colleagues working outside their own institutions; that 
they make almost insignificant use of investigations conducted in other peripheral 
countries; and, by contrast, rely heavily upon knowledge generated in advanced 

countries. 
On the basis solely of the quantitative data we may reasonably conclude that 

Brazilian agricultural scientists are highly influenced in their work by their advanced 
country colleagues, and that the contrary is true as far as their national and peripheral 
colleagues are concerned. It is this general picture which I hoped to investigate by 
conducting interviews with the authors of the papers analysed. These interviews revealed 
a number of factors which influence how Brazilian agricultural scientists use and 
select the scientific literature and, thus, elucidate the "meaning" of the references 

they make. 
Competition between Brazilian agricultural research centres was an issue raised 

directly and indirectly during the interviews as one factor which plays a role in shaping 
the formal communication system of agricultural science in Brazil. 40 To put it other 
way, because, as I found, there is competitioiJ both for financial resources and 
"priority of discovery", the scientists from different institutions tend not to use the 
work of their colleagues at both other universities and, with some exceptions, public 
funded research institutes. 41 However, competition can not be totally and solely 
blamed for the low level of formal communication between these institutions, nor 
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can it account on its own for the heavy use the scientists make of advanced country 
literature. Other factors, I have found, are also at play. 

One of such factors is the accessibility of the scientific literature. New information 
is a vital ingredient for healthy research but its intrinsic value must be set against 
the price to be paid in gaining access to it. As Large puts it: "information will be 
gathered from the most readily available sources, and more difficult or obscure 
documents will only be explored when their contents are judged worthy of the 
effort,,.4 2 It is striking that most of the interviewees maintain they find it easier 
to scan foreign periodicals than domestic ones. There are various reasons for this. 
First, the majority of domestic agricultural journals are of a very general nature, so it 
is very difficult to find in them articles dealing with a specific subject of interest 
to the scientist. Many of the interviewees complained that when scanning domestic 
journals, particularly those published by the universities, they have to look throughout 
a great number of issues to find an article of relevance to their work. By contrast, 
the advanced country journals which are most usually constflted, deal with more 
specific research areas. 

Second, there is a strong tendency among Brazilian agricultural scientists to use 
scientific literature promptly available to them. None of the main libraries in the 
four universities were visited very frequently by the researchers - nominally because 
of time constraints. Instead, the scientists tend to use sources existing in their 
offices or departments. Many scientists have personal subscription to the journals 
they use so as to ensure easy access to them. These include typically foreign journals 
more related to their work, domestic ones edited by national scientific societies of 
which they are members and their own university's journals; journals published by 
other universities are generally only available in the institution's main libraries. 
Personal subscription to periodicals plays an important role in the scientific activities 
of the scientists interviewed. This conclusion is upheld by A bou-id's study of UFV's 
agricultural scientific community. She found a strong positive correlation between the 
productivity of the scientists - measured by the number of papers they produced 
divided by the number of years of their professional lives as scientists - and the 
number of journals to which they individually subscribe. 43 

A third reason why Brazilian agricultural scientists find it easier to scan scientific 
literature from advanced countries is related to the fact that, nowadays, the individual 
scientist is being overloaded with scientific information. In trying to keep up with 
all the information being produced in their primary specialty, the scientists interviewed 
said they rely very heavily on the various Abstracts. The consequence of this practice 
is twofold. First, because not all Brazilian agricultural journals are indexed by the 
Abstracts, 44 using this source for reviewing the literature is unlikely to increase the 
scientists' awareness of research work conducted in Brazil. This, of course, applies to 
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scientists working in other countries as well as Brazil. Second, Brazilian agricultural 
periodicals represent such a small proportion of the journals indexed by the various 
Abstracts that using this source for obtaining information reveals considerably more 
papers emanating from central countries than from Brazil. 4 s 

Moving away from the practical issues of accessibility, the referencing pattern of 
the scientists interviewed was also clearly influenced by their educational history. 
Moura Castro and Spagnolo have pointed out that over 60% of Brazilian PhDs in 
agriculture obtained their degree abroad and of these, over 80% qualified in the US. 46 
This pattern was confirmed by this study, and neatly mirrors the citation data I 
obtained. Over 70% of references type A were to American publications. This suggests 
that the preference of the scientists for advanced country literature, particularly for 
work generated in the US results, at least, in part from their having undertaken 
graduate training in those countries. 

There are a number of reasons to believe that graduate training has a bearing on 
referencing patterns. First, as Large puts it, "scientists will tend to use information 
produced by people and institutions known to hem". 47 Second, and perhaps more 
important, academic habits acquired during training tend to persist throughout one's 
professional life. Some of the scientists maintain that they got used to reading certain 
American journals when they were being trained in the US and continued the practice. 
This tendency is reinforced by the fact that the consortia with American schools 
through which many of them were sent abroad, usually granted them the subscription 
to American journals. Thus, some of the scientists now subscribe to such periodicals 
at their own expense - inspire of the availability of these journals in their university 
libraries. 

It could be argued that none of the qualitative findings presented above invalidates 
the general conclusions drawn from quantitative data - that Brazilian agricultural 
scientists are heavily influenced by the work of their advanced country colleagues; 
or, as some authors would put it, that knowledge generated in advanced countries has 
a great impact on agricultural research in Brazil, which in turn has a low impact both 
within Brazil and in other countries. I am convinced that these conclusions are at 
least partly applicable to my case. It is impossible to deny, for example, the influence 
of knowledge generated in advanced countries particularly upon the methodology 
and theoretical framework used by scientists in their articles and reported in their 
references lists. However, references of this kind are only a part of the total number 
of citations made by Brazilian agricultural scientists, and by no means the greatest 
part. The bulk of references, in fact, cannot categorically be said to reflect visible 
traces of past communication or the paying of intellectual debts as has been suggested 
elsewhe re.4 s 
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There are at least two reasons for taking this view, both related to how and why 
the scientists compile their references list and decide about which papers to cite. 
First, the interviewees generally carry out their literature search after their research 
work has already been completed, in the case of writing their articles. In these 
circumstances, the literature review is nothing more than a collegial procedure, part 
of a ritual based on the norms of scholarship. The research cited cannot, therefore, 
be said to have actually influenced the investigation. Second, scientists have total 
freedom to choose which papers they will cite and tend to use this freedom to select 
articles which justify and corroborate their claims and findings, or those which do 
not but can be easily refuted or explained within the arguments presented. Thus, 
rather than being influenced by the papers they refer to, the scientists are selecting 
the sections of the available literature which most enables them to validate their 
theories and findings. 49 

Underpinning this selection procedure I found a widespread belief among Brazilian 
agricultural scientists that citing advanced country publications confers more prestige 
to their work; that it shows they know the literature and are working in a frontier 
field, s~ Ironically, of course, this very belief will tend to reinforce the notion that 
science conducted in the advanced countries is of a higher quality than that conducted 
in peripheral countries. 

C o n c l u s i o n s  

A number of factors mediate the decision of individual scientists about which 
research papers they will refer to in their publications. In the context of science 
undertaken in developing countries, citation patterns are significantly influenced by 
factors "extemar '  to the scientific realm, which are, thus, social rather than cognitive 
in nature. These concern fundamentally the existence of imperfections in scientific 
communication internationally. There are a number of practical reasons for this 
imperfect communication, including the language barrier, difference in the accessibility 
of scientific literature from peripheral and advanced countries and the educational 
history of scientists working in peripheral nations. There can be no doubt that taken 
together these factors go a considerable way to explaining the citation patterns 
reported here - in particular, the negligible proportion of citations in articles by 
both Brazilian and advanced country agricultural scientists to literature from the 
peripheral nations; and the relatively hi~Ja proportion of citations by Brazilian researchers 
to advanced country literature in agricultural science. In a similar way, the existence 
of various forms of competition between the four Brazilian universities - where 
language and accessibility of literature should not present any major barriers - 
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explains, in part at least, the apparently low level of formal communication between 
scientists from the different universities. 

Having said this, there is an element of choice shaping the availability of scientific 
literature from which an individual may cite. For example, many of the interviewees 

chose to subscribe to advanced country journals in their subfield rather than make 
any great effort to ensure that those produced by other national institutions were 
close at hand. The flow of scientific infom~ation between peripheral and advanced 
countries is also, to some extent, mediated by factors which are not wholly within 

the control of the scientist concerned. Perhaps most critical of these is the higher 
status of scientific knowledge generated in the central compared with that generated 
in peripheral countries. This feature would seem to be so pervasive that Brazilian 

agricultural scientists tend to select references from advanced country literature out 
of a belief that these confer prestige on their own research findings which the citation 
of articles from other peripheral countries does not. On the other side of the coin, 

there is evidence that some agricultural scientists in the advanced countries do not 
wholly trust the findings reported in scientific publications from peripheral countries. 

To the extent that the international flow of scientific information is imperfect, 
citations do not allow us to judge the quality of the scientific research - at least not 

on their own. I~ is more difficult to make any categorical conclusions about the 
extent to which citations reflect the influence or even the impact of the research 
findings referred to by citing authors. Clearly, scientific literature which is not 
generally available to scientists cannot have any influence or impact on their work. 
In any case, given that references are commonly compiled after the research in 
question has been completed, citations cannot be taken as an accurate indication of 
patterns of influence on current research. This is not to deny the more general 
influence of, for example, advanced country scientists on agricultural research in 
Brazil. However, the level of citation by the Brazilian researchers of those in other 
peripheral co|retries may well understate the influence of those countries on agricultural 
science in Brazil. Considerable further analysis of the referencing behaviour of 
peripheral country scientists is required before we can with any certainty attribute 
"meaning" to the citations they make. In particular, it might be useful to develop 

additional means for measuring networks of influence between and within scientifically 
peripheral countries. Finally, citations do tell us something about the selection process 
whereby scientists "choose" which article to cite from the available literature. In this 
context, it might be useful to identify some of the "internal" factors, as well as the 

"external" ones, which mediate citation patterns. 51 
On a more specific level, the findings presented here tell us a considerable amount 

about the formal communication system of Brazilian agricultural science. They reveal, 
for instance, that agricultural scientific research in Brazil is fragmented, with different 
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insti tutions competing with one another,  that  the scientists f ind it easier to scan 

foreign periodicals than domestic ones, that  the graduate training programme funded 

by government agencies is in need of  revision and so on. Informat ion of  this type 

could prove invaluable to science policy makers in agencies like the National Council 

for Scientific and Technological Development (CNPq) in Brazil, wishing to improve 

the usefulness and efficiency o f  the national science effort.  CNPq, which gives financial 

support  to many Brazilian scientific journals,  could, for example,  p romote  meetings 

with the editorial boards of  agricultural periodicals to discuss the specialization of  

their subject matter.  Moreover, CNPq could stimulate that  a central subject index for 

all agricultural journals and a central agricultural Abstract  journal  be established in 

Brazil. Another  way in which CNPq could improve communicat ion between different 

institutes would be to encourage them to work on jo int  research projects and to 

stimulate short-term exchange of  personnel between them. 

Finally, it  is impor tant  to bear in mind that the s tudy of  citation practices should 

be based on qualitative as well as quantitative data, and ue appraised on the basis of  

an int imate knowledge of  the environmental determinants of  the research activity 

in the community  under study. The value of  the insights provided by this approach 

attests also to the importance of  conducting such studies within a specific country 

and on a specific field of  scientific knowledge. 

I am immensely grateful to Wendy Faulkner of SPRU, University of Sussex, for both providing 
valuable contribution to the content of this paper and for helping me to overcome the "language 
barrier" and write this paper in English. I also would like to thank Dr. M. J. Moravcsik for valuable 
comments and suggestions on an earlier version of this paper. None of them, of course, are 
responsible for remaining errors and the viewpoints expressed here are strictly personal. This 
research work was carried out during my doctoral training at SPRU, University of Sussex, UK, 
for which I have a grant from CAPES (Federal Agency for Graduate Education), Brazil. 
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