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PostGRADUATE DEGREES AND RESEARCHER TRAINING
IN ARGENTINA

Mario Albornoz, Ernesto Fernandez Polcuch, and Ingrid Sverdlick

RECENT TRANSFORMATIONS OF
ARGENTINA’ S HIGHER EDUCATION

SystEM

The expansion of higher education systemsthat be-
gan after World War 11 is a phenomenon shared by prac-
tically every country, regardless of its unique modes and
traditions. There are other features in common besides
expansion: among others, the separation into various lev-
els (including the rapid growth of higher nonuniversity
education), the fostering of research, and the develop-
ment of postgraduate education. Osvaldo Barsky (1997)
states that three of the factors that contributed to this
process were the following: (1) a certain causal relation-
ship between higher education becoming massified and
segmented; (2) the scientific and technological explosion,
and the subsequent broadening of the knowl edge-based
economy; and (3) the political determination of national
states to contribute to the expansion of higher education
systems, emphasizing advanced studies.

Barsky cites another series of factors that specifi-
caly have a bearing on the development of postgraduate
studies. These factors allow us to depict the differences
in the models and specific characteristics that postgradu-
ate training acquires in each country, regardless of the
genera trend. Some of these factors are exogenous and
others endogenous as regards university institutions,
Barsky specifies them as the following:

¢ the centralized or decentralized nature of the
higher education system;

* thesize of university inditutions,

* the unity of teaching and research as derived
from the Humboldtian conception of higher edu-
cation;

* the organizational logic of research activities
in the realm of the university; and

* theconcern for reducing costs (as a result of
the massification of higher education), added to
research and development (R&D) policies that
tend to concentrate research and the training of
a critical mass of scientists working in certain
key subjects.

Besdesthe above-listed factors, one should also take
into account the scientific and academic tradition of a
country, and, asageneral context, its degree of economic
development and industridization.

Analysisof the devel opment processes of postgradu-
aetraining using the criteria outlined above helps explain
the different directionsthey have taken in countriesthat—
to an untrained eye—have similar structural characteris-
tics, such as Brazil and Argentina. Although both coun-
tries share many features and at present belong to acom-
mon market (the MERCOSUR), their degree of industri-
dizationisdifferent, asarethe historica processesthrough
which both societies acquired the features that may be
termed “modernization”; among these the diversification
of the socia structure and the level of education of the
population. In the 1960s, when Brazil reformed and ex-
panded its system of higher education and postgraduate
training, the prevailing feature was that of an accelerated
and successful industriaization process, which exerted
pressure on the socia structure of incipient moderniza
tion.

Argentina carried out a reform of higher education
during thefirst years of thiscentury; its society was " mod-
ern”—in linewith the most advanced in Europe—although
its economy was based on revenues from farming and
agriculture. Some of these reform features lingered until
the 1960s, and the Argentine scientific system achieved a
certain splendor. This infrastructure enabled some re-
searchersto be awarded the Nobel Prize in the sciences.
Inthose years, however, thedelay in industrialization was
beginning to be felt, and the economic crisis that was to
come later was starting to take shape.! Thishad aninflu-
ence on the higher education expansion process, which

!Development of athesison the asymmetries between modern-
ization and industrialization can be found in Suérez (1972).
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was basically geared toward traditiona professiona train-
ing rather than to the training of the high-level human
resourcesindustry demanded. In that context, postgradu-
atetraining in Argentinaremained significantly backward
vis-arvisthat in other countries, such as Brazil.

It is worth pointing out that the expression “new
trends in higher education” is, to alarge extent, a euphe-
mism for “the spread of the U.S. model of higher educa
tion.” In fact, many features of the new model are cus-
tomary in that country: the segmented structure, the role
of research, the training of scientists and engineers, and
the fact that higher education is not free, combined with
the availability of a variety of private sources for dona
tions and fellowships. Also—unlike in other countries—
private universities are a major feature of the system.

Thismodd isin keegping withthe basic U.S. palitica
philosophy, in which education and science are not re-
sponsibilities delegated to the federal government; this
impliesthat the government does not act directly upon the
fields of education and science. During World War |1 and
after, American society carried out very complex debates
aimed at establishing the extent to which the federal gov-
ernment should play arole in fostering fields of science
and technology. The spread on a worldwide scale of the
U.S. mode hasto do with its successin the context of the
American economy, and with the importance that the
United States itself has ascribed to this issue, which has
been expressed in periodica reports aerting Americans
to the strategic value of knowledge ranging from the his-
torical Science, the Endless Frontier (Bush 1945) tothe
most recent Unlocking Our Future (U.S. House of Rep-
resentatives 1998).

The relevance of the process of reform in higher
education, and the training that scientists and engineers
are undergoing in amost every country in the world, is
aso in keeping with Daniel Bell’s theory of the post-in-
dustrid society, according to which knowledgeisthe cen-
tral characteristic of the transformations of asocial struc-
ture (Bell 1974). Therefore, ingtitutions concerned with
knowledge (particularly universities) become all-impor-
tant ingtitutionsin society, and, at the sametime, they them-
selves go through great transformations. Bell warned,
however, that his statements applied to ahandful of coun-
tries and could not be applied to developing countries.

The development of competitive conditionsand their
ideological unfolding accel erated the process of reformin
higher education during the 1980s and forced changesin

countries that had originally resisted adopting this model.
It is natural, however, that the model’ s spread turned out
to be wider and swifter in countries that put active poli-
ciesof industrial development into practice, such as Bra-
zil; and that it should be faced with greater difficultiesin
countries with more traditional social structures, such as
Argentina

HIGHER EDUCATION IN ARGENTINA

THE ARGENTINE TRADITION

Postgraduate studies have a short tradition in Ar-
gentina, asaresult of the university mode that wasstrongly
established in the country since the beginning of this cen-
tury and which has remained without structural changes
for decades in a context of economic crisis and scarce
industridization. It wasonly inthislast decade that agreat
expansion in postgraduate training has been taking place
and that certain symptoms of reform and updating of the
higher education system as a whole can be perceived.

The Argentine university sysemisvery old and dates
back to the early colonial period. The first university
founded in present-day Argentine territory was what is
today the Universidad Naciond de Cérdoba, created in
1610. The Universidad de Buenos Aires was established
in 1821 after Argentina became independent from Spain.
In the last years of the last century, as of Sarmiento’s
presidency, successive governments put into practice poli-
cies supporting education and science as part of a project
to build a modern state that would break away from the
colonia tradition and unify the country after decades of
civil war. During histerm, President Sarmiento invited, in
1870, the American astronomer Benjamin Gould and a
group of collaborators to live in Argentina; they created
the Cdérdoba Astronomic Observatory. President
Sarmiento’ s speech at the inauguration of the astronomic
center is regarded as one of the founding documents of
science policy in Argentina.

Development of the contemporary Argentine uni-
versity system has been influenced by two strong tradi-
tions: the Napoleonic model, whereby the state takes on
the responsibility of higher education and the regulation
of professions with a rigid, compartmentalized bureau-
cratic structure; and the model of the German scientific
university created by Wilhelm von Humboldt, which gives
precedenceto research. In 1891, the Universidad Nacional
de La Plata was created; it was expressly informed by
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the Humboldtian modd. In fact, it was not a mere adop-
tion of the moddl, but rather involved cooperation with
German scientigs. Thisuniversity wasvery activein some
domainsand paved theway for thefirst development of a
modern school of physicsin our country.

With varying force, both influences converged to
underscore the responsbility of the state in matters of
higher education. This became a lasting feature in the
Argentine educationa model, which has a strong public
preeminence. In 1918, the University Reform movement
established the autonomy of universities and the concept
of “shared government”—i.e., participation of students
and graduates in the government of the university. That
tradition is ensconced in the present Law of Higher Edu-
cation (Law #24.521, L ey de Educacion Superio—LES),
which legalizes autonomy and shared government as ba-
sc principles of the university system.

In spite of the fact that the Humboldtian tradition
lies at the very foundation of the Argentine university
model, the weight of the “professionaist” trend became
dominant. It should be emphasized that in this area, the
Argentine university was successful. It trained profes-
sondsat aninternationally renowned level and responded
to agrowing demand for higher education. Nevertheless,
the hegemony of the professionalist trend meant that
teaching became a part-time dedi cation and a supplement
to professional work outside the university, among other
conseguences.

Since the beginning of the century, one of the main
conditions the Argentine scientists have laid claim to has
been that of having full-time employment status for some
university posts, with a saary that allowed them to de-
vote themselves entirely to teaching and research. The
resolution of this conflict was rather peculiar. Not many
full-time posts were created, but in 1958, the Consgo
Nacional de Investigaciones Cientificas y Técnicas
(CONICET) was established. The CONICET was con-
ceived of asastructure with paid staff, organized hierar-
chically and serving as “career researchers.” Origindly,
this* career” was supposed to be supplementary to teach-
ing a the universities, the CONICET was intended as
the means by which university researcherswould be given
full-time posts.

In the 1960s, the University of Buenos Aires, which
isthe biggest and most important ingtitution in the Argen-
tine university system, was able to organize severd high-
leve research teamsin dmost dl scientific fields, mainly

in the biological and hedth sciences. The University of
LaPlatawas aso able to build a strong synergy with the
CONICET and thus reinforced its Humboldtian roots.
Other public universities achieved smilar good resultsin
the consolidation of their research capacities.

That golden age turned into a crisis in 1966 when
military forces interrupted the democratic process. Po-
lice forces invaded university campuses, striking teach-
ers, scientists, and students adlike. As aresult, severd of
the most renowned scientists and engineers|eft the coun-
try and went into political exile. A very long process of
scientific migration for political reasons thus began; this
process would be repeated time and again over subse-
quent years. Argentina s resulting “brain drain” was far
more serious than that of other Latin American coun-
tries.

From this point on—and especidly during the dicta-
torial government inaugurated in 1976—the CONICET
became detached from the university system. It created
its own institutes, and the “career” gradually became an
endogenousinstrument of the scientific community, rather
than a stimulus to university research. Thus the training
of researchers became, for more than 30 years, a ques-
tion that strictly pertained to the CONICET, dienated from
the universities. Only in recent years has thistrend begun
to be reversed, with universities again having high-level
researchers. Therelationship between the CONICET and
the universities has improved, and most CONICET re-
searcherswork at university centers. However, the struc-
tural maformation remains. Even today, only one-eighth
of university teachers have full-time employment status.
Low university budgets, resulting in low university saa
ries, make it difficult to reverse this process—and make
full-time employment in academic work unattractive.

During the last 10 years, the Argentine university
system has undergone a new process of reform; thisis
taking place in a rather disorderly fashion, and mainly
under the auspices of thefederal government, which tends
to depriveit of legitimacy in the academic world. Resort-
ing to several legal instruments (the LES and decrees
issued according to regulations), specific university pro-
grams, and new funding mechanisms in the Argentine
university system (FOMEC, for example, which is dealt
with below), the government—via the Ministry of Cul-
ture and Education—intends to regulate and organize a
trangtion toward a model that is closer to international
contemporary tendencies.
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The Argentine curricular model has continental Eu-
ropean roots and is drawn more from the old French and
German modelsthan from Anglo-Saxon tradition. Under-
graduate courses are long: theoreticaly, they take 5, 6, or
even 7 years to be completed, depending on the univer-
sity degree (the real duration of the entire course of study
is often even longer). Given such length, curricular con-
tent is often equivalent to a4-year university course plus
a master’s degree in the Anglo-Saxon model. This ex-
plains why development of postgraduate training is very
recent; such development is related to the need for an
internationally homologous structure rather than to de-
mand for new forms of knowledge.

Until very recently, Ph.D. degrees were restricted
to the physical and natura sciences, and only those who
wished to take up a scientific career applied for a Ph.D.
In the hedth sciences field, postgraduate studies took on
the form of specialization courses. In al other fields, es-
pecially those related to professions, postgraduate studies
were quite uncommon.

THE SysTEM oF HIGHER EDUCATION

Higher education in Argentina consists of a univer-
sity system and a nonuniversity system (colleges for
teacher training, or for humanities, social work, technical,
professiond, or artigtic training). The university system
includes the universities and university ingtitutes; these
are different from nonuniversity institutes because they
are dedicated to a single field. Both types of ingtitutions
can be either public or private; in the latter case, how-
ever, certification by a public inditution is required.

Within the higher education system, it is the exclu-
Sive prerogative of university institutions to grant under-
graduate degrees (icenciado and other professional
equivaents) as well as postgraduate master’s or Ph.D.

degrees. In keeping with the LES, an undergraduate de-
gree is required in order to be admitted to postgraduate
traning.

As of May 1998, there were 88 university institu-
tions 36 nationa public universities, 22 private univers-
ties with permanent authorization, 20 private universities
with provisond authorization, and 6 private univerdity in-
ditutes. Asshown in table 1, athough most public univer-
Sities had already been created at the beginning of this
decade, there has been a strong growth in private univer-
sities and university ingtitutes; this is a result of the
government’s 1989 higher education policy to encourage
development of the private higher education system.

In 1996, the Argentine university system had 953,801
students. Eighty-five percent studied at public universi-
ties, and the rest attended private ones. The number of
studentsin public universities increased by 3.6 percent in
the 1993-96 period. The rate of annua growth of private
university students is the highest, amounting to 6.5 per-
cent in the 1985-94 period. Over the last decade, the pri-
vate sector has grown enormoudly, especidly in terms of
number of ingtitutions. The student population is till only
15 percent of thetotal, however. Private universities have
avery low impact on the training of scientists and engi-
neers, and are mostly devoted to training for professiona
careersin the social sciences.

THE PosSTGRADUATE Srstem TobAY

GENERAL FEATURES

Academic postgraduate training is beginning to
emerge in Argentina. However, it is highly regulated by
laws, government decrees, and university resolutions.
According to this series of regulations, there are three

Table 1. Growth of universities in Argentina, 1990-97

Institutions 1990 | 1991 [ 1992 | 1993 [ 1994 | 1995 | 1996 [ 1997
TOMAL e 60 66 67 69 76 82 87 89
National UNIVETSIHIES. ..o 29 29 31 3 33 36 36 36
Private universities with permanent authorization................. 21 22 22 22 22 22 22 22
Private universities with provisional authorization................. 10 12 17 18 18 20
National University iNSHIUES...........cvvrevreerreerrsereneeennn) - - - 5 52
Private university institutes with permanent authorization.... 2 2 2 2
Private university institutes with provisional authorization.... 2 2 4 4

# The National University Institute of Art, created by Decree # 140 (Dec. 3, 1996) is not open at present.

KEY: (-) = not applicable
SOURCE: National Commission for University Evaluation and Certification (CONEAU).

190



types of postgraduate courses. specializations, master’s,
and doctorates. Each of these has its own profile and
degree; ingtitutional conditionsfor teaching the postgradu-
ate courses; syllabus characteristics (including number of
hours); academic body requirements; and prerequisites
concerning equipment, library, document centers, and other
related matters.

The LES put into force in 1995 requires that post-
graduate degrees be certified. This task has been del-
egated to an organization created by the LES, the Na-
tiona Commission for University Evaluation and Certifi-
cation (CONEAU). The LES states that the processes
for certifying postgraduate courses must be carried out
according to the Ministry of Culture and Education in con-
sultation with the University Council.

In order to certify postgraduate courses, the
CONEAU must make a public summons, viathe univer-
gty ingtitutions themselves, and then report to the Na
tiond Inter-University Council, which comprisesthe presi-
dents of public universties, and the Council of Private
University Presidents. The CONEAU certifies special-
izations, master’ s, and doctorates upon the recommenda-
tions of expert peer committees.

During thelast months of 1997, the CONEAU made
the first summons to certify specializations in the health
sciences, which mainly comprise postgraduate courses
and projects in the fields of medicine and dentistry. Two
hundred and ninety-two recommendations have been pre-
sented and submitted for approva. In 1998, the rest of
the university specidization courses were summoned (251
presentations were received) along with master’s and
doctorates (which are still open, athough it is estimated
that there will be 600 to 700 applications).

In law, medicine, dentistry, architecture, engineer-
ing, and—to a lesser degree—pharmacy and biochemis-
try, there are specidizations; in agronomy as well as in
economics and the administrative sciences, there are
master’ s degrees. In the exact sciences, natural sciences,
and humanities—and partly in pharmacy and biochemis-
try—there are doctorates.

Asfar asfunding is concerned, only 18.8 percent of
postgraduate activities receive funding from sources out-
sidethe university. Thissetup isnot so different in private
universities: few ingtitutes receive funds from large cor-
porations. In genera, thefinancing of postgraduate courses
comes from the student’ s registration fee.

ExpPaNsIiON OF PosTGRADUATE COURSES:
MEANS OF REGULATION

The supply of postgraduate degrees in Argentina
increased to 1,071 in 1996. Thisis equivaent to a 35 per-
cent growth in only 2 years. The main growth wasin the
postgraduate courses offered by public institutions, which
amounted to 40 percent. By type of postgraduate course,
the segment of greatest growth was the master’ s degree
at amost 70 percent.

If we consider the last 15 years, the total supply of
postgraduate courses grew by 234 percent. Besides the
quantitative increase, the structure of the supply changed,
since specialization and master’ s courses have multiplied,
and the rate of expansion was much greater than that for
doctorates. In 1982, there were 205 doctorate courses,
master’ s courses hardly existed, and specialization courses
amounted to 97. The present state of affairs is repre-
sented in table 2.

Table 2. Supply of postgraduate courses,

1994 and 1996

Level 1994 1996
Total Public | Private Total Public | Private
sector | sector sector | sector
0] | 792 518 274 1,071 725 346
Specialization...... 303 216 871 420 290 130
Master's..............| 245 151 94 41§ 290 125
Doctorate............. 244 151 93 234 145 91

SOURCE: Barshy, Osvaldo, Los posgrados universitarios en la Republica
Argentina (University Postgraduate Courses in Argentina).
Buenos Aires: Troquel, 1997 and National Commission for
University Evaluation and Certification (CONEAU).

In comparing the years under consideration (1994
and 1996), the postgraduate system expanded by 38.6
percent in terms of specialization courses and by just un-
der 70 percent for master’s; the supply of doctorate
courses, on the other hand, fell by 3.27 percent. Table 3
shows the breakdown by field in specialization courses,
note the strong prevalence of the heath sciences and, to
alesser extent, the law as courses of study.

Out of 681 doctorate and master’ s courses offered
in 1998, only 26 percent (176) were certified by the
CONEAU. Of those certified, 93 percent were offered
by public institutions, 57 percent are master’'s courses,
and the rest are doctorate courses. It isworth noting that
of 145 doctorate courses offered by public institutions, 50
percent have been certified. In the private sector, this
proportion amounts to only 3 percent (see table 4).
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Table 3. Specialization courses by field, 1998

Field Number of courses| Percent
TOtAl s 434 100.0
Health sciences 249 57.4
Law SCIENCES......vvvverevrerrerrnnens 46 10.6
AdMINIStration.........ceereereeennd 37 8.5
Pharmacy and biochemistry.... 20 4.6
Engineering..........ocoovevevevnnn. 14 3.2
Social sciences 14 3.2
Education sciences.................] 13 3.0
DEentistry.......ccovevvveeeririinenns 11 2.5
Psychology.........ccooeveverieriennen. 10 2.3
ArChiteCture........coeeveereeereenees 1.8
Farming and agriculture.......... 14
BasiC SCIENCES.......cvvvrervirenns 0.7
Humanities..........ccoeevevereennn. 0.7
4341 100.0
Public institutions...................| 377 86.9
Private institutions................... 57 13.1
SOURCE: National Commission for University Evaluation and

Certification (CONEAU).

Of the certified postgraduate courses, 41 percent
are in the basic sciences; 36 percent are in the techno-
logical sciences; and 23 percent arein the socia, human,
and health sciences (table 5). In both the basic and tech-
nologica sciences, the largest proportion of certified post-
graduate courses are categorized as “A,” which means
they are at the highest levd; in the socia, human, and
health sciences, the largest proportions are rated as “B”
and “C,” which means their level is intermediate or in-
cipient.

Table 4. Certified postgraduate courses - 1998

Level Total | Public institutions | Private institutions
Total...ovverirne 176 164 12
Master's........... 100 91 9
Doctorate........| 76 73 3
SOURCE: National Commission for University Evaluation and
Certification (CONEAU).

Of the total number of postgraduate courses sup-
plied, about a quarter are in the health sciences, another
quarter isin the applied sciences and engineering, and a
third quarter is accounted for by the social sciences. The
rest of the supply isin the basic sciences and humanities,
each of which accounts for about the same proportion
(table 6). Inthe applied, socid, and human sciences, there
is apredominant supply of master’s courses,; in the basic
sciences, doctorates; and in the health sciences, special-
ization courses of study.

Table 5. Certified postgraduate courses in the public

field, 1998

Field Total] A B C
TOtAL e 164 63| 64| 37
BaSIC SCIENCES......vvevrerrirreirierineiene 67] 30| 24 13
Technological SCIENCES.........cvverrnen, 5 28] 23 8
Social, human, and health sciences... 38 5 17] 16
KEY: A= Postgraduate course categorized as highest level.

B= Postgraduate course categorized as intermediate level.
C= Postgraduate course categorized as incipient level.

SOURCE: National Commission for University Evaluation and Certification
(CONEAU).

REGISTRATION AND GRADUATION

Barsky has estimated the number of studentsregis-
tering for postgraduate courses to be 20,180 in 1994, of
which 57 percent were master’s and doctorate students
and 43 percent were students attending specialization
courses (table 7). The recent expansion in the supply of
courses seems to have had a direct effect on demand,
since the available figures now show amore than 50 per-
cent increase. Note, however, that these data are from
different sources, and that the 1994 data presented by
Barsky come from the certification of postgraduate pro-
grams, while the 1997 data are from a census taken by
the Ministry of Culture and Education. This would sug-
gest that 1994 data are underestimated and that growth
has been dower than that shown in table 7.

Table 6. A breakdown of the postgraduate course supply by field (percent)

Field Total Specialization Master's Doctorate
TOtAL s 10d 100 100 100
BaSIC SCIBNCES......cvvrrerrierirsireireieieraens 13.1 1.9 13.3 29.8
Applied sciences and engineering.............. 25| 15.6 31.1 30.4
Health SCIENCES.......ovvveeeerireererins 26.3 52.7 11 8.8
SOCial SCIENCES......vvvrerrieieireierereeeieene 24.3 24.8 30.6 14
HUMAN SCIENCeS.....oooiovii 113 5 14.1 17

SOURCE: National Commission for University Evaluation and Certification (CONEAU).
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During the 1950s and 1960s, Argentina turned out
more than 5,000 Ph.D.s per decade; in the 1970s and
1980s, thisfigure dropped to 3,000. In the current decade,
changes in field breakdown have made it difficult to as-
certain changesin the number of Ph.D.sby areaof study.
However, as table 8 shows, the total remains practicaly
constant.

Table 7. Postgraduate student registration

1987 1994 1997
Totaleucveicreeceee e 20,180 31,914
Specialization.............ccccunne 8,750 13,165
Master's and doctorates....... 9,006 11,430 18,749

KEY: (-) = not applicable

SOURCES: 1987 and 1994 data are from Barshy, Osvaldo, Los posgrados
universitarios en la Reptblica Argentina (University
Postgraduate Courses in Argentina). Buenos Aires: Troquel,
1997 and 1997 data are from the Ministry of Culture and
Education.

The Universdad de Buenos Aires is the ingtitution
responsible for awarding the largest proportion of post-
graduate degrees—41.2 percent.

By field of study, of the 1,129 Ph.D.s. trained in the
1989-93 period in the basic and technologica sciences,
72 percent received their degreesin the exact and natural
sciences, 4 percent in engineering, and 0.2 percent in farm-
ing and agricultural sciences (table 9).

By fine field within the basic and technological sci-
ences, most (53 percent) Ph.D.s received their degrees
ininterdisciplinary areas, 14 percent in pharmacy, and less
than 10 percent in chemistry and biology. There were
between 4 and 5 graduates per year (2 to 4 percent) in
geology, physics, civil engineering, math and computing,
astronomy, and chemica engineering. There were also
some Ph.D.sin the areas of electrical engineering, geo-
physics, agronomy, and veterinarian medicine; therewere

no Ph.D.s in architecture, communication engineering,
industria engineering, and mechanica and mining engi-
neering during this period (table 10).

FELLOWSHIPS FOR POSTGRADUATE

SrubiEs AND RESEARCHER TRAINING

The organization that has usualy granted fellow-
ships for training researchers and for postgraduate stud-
ies a home and abroad is the CONICET. When new
programs, such as the Fund for the Improvement of Uni-
versity Quality (Fondo parad Meoramiento delaCaidad
Universitaria—FOMEC), were put into effect, CONICET
participation decreased; it has, however, managed to keep
up ahigh percentage of fellowships, especidly for al post-
graduate studies carried out in the country. Recently, the
Ministry of Culture and Education created a program for
postgraduate training (PROFOR), which aso grants fel-
lowshipsfor postgraduate studies abroad and administers
programs together with the Fulbright Foundation and the
Ministry of Education/Coordination for the Improvement
of Higher Education Personnel from Brazil. Other orga-
nizations have their own postgraduate training policy in
their area of competence, such as the National Institute
for Public Administration, the Nationd Institute of Farm-
ing and Agricultural Technology, and the Universidad de
Buenos Airesitsdlf, among others.

THE CONICET

The CONICET was created February 5, 1958, with
the aim of orienting, fostering, and subsidizing scientific
and technological research, as well as supporting activi-
tiesin both the public and private sectors. It dso amsto
foster scientific cooperation and exchange at home and
abroad.

Table 8. Graduates from doctorate courses

Field 1950-54 ] 1955-59 | 1960-64 ] 1965-69| 1970-74] 1975-79 | 1980-84 | 1085-882 | 1989-93° | 1996°¢
TOtAl e 2578 2,603 24621 2,745 1,983 1,391 1534 1,146 1,402 347
Basic sciences and technology..... 764 583 542 504 750 650) 684 676 1,129 228
Social SCIENCES......cvervrrereirrirrinns 471 449 279 508 341 181 145 79 111 61
Human SCIeNnCes........ccoovereureunen. 44 26 32 33 66} 46 77 41 104 27
Medical SCIeNCes........................... 12991 15451 1609 1,700 826 514 628 350 61 31

2 Note that this is a 4-year period, rather than 5 as elsewhere.
® In this period, changes were made in the disciplinary breakdown.
¢ These are the last available data

SOURCES: Data for 1950-93 are from Barsky, Osvaldo, Los posgrados universitarios en la Repdblica Argentina (University Postgraduate Courses in
Argentina). Buenos Aires: Troquel, 1997; 1996 data are from the Ministry of Culture and Education.
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Table 9. Graduate degree recipients by field of study and type of degree, 1989-93

Field of study Total Specialization Master's Doctorate
TOtAL e 6,500 3,847 1,251 1,402
Basic sciences and technology................. 2,594 1,202 263 1,129
Agricultural and farming sciences......... 197 0 195 2
AIChItECIUNE......veeeceeceee ) 52 52 0 0
ENQINEEring.......coeeveereerreercereeninereeneen] 1,233 1,147 37 49
Exact and natural SCIENCES..........coovvvreenens 835 - 19 816
Biochemistry, pharmacy, chemistry...... 271 3 12 262
SoCial SCIENCES......ccvvvveeeiiviseiecs e 2,456 1,404 941 111
Administration and economics.............. 1,727 950 764 13
Law and political Science............ouvvve.. ] 689 415 177 96
11T T 41 39 0 2
HUMANILIES. ... 107 4 2 101
Philosophy and literature.............cc.c.....] 65 1 64
EAUCALION. ... 3 0 0 3
11T 39 4 1 34
Medical SCIENCES.......orvvirreririerieiriirerene 1,343 1,237 45 61
MEICINE. ....ouevrerrieirereeerisereieene 1,237 1,163 45 29
DENtISHY.....oeeeeeeieereriereeireei 82 50 0 2
Health SCIeNCes. .....oovovviiiiiiiiines 24 24 0 0

SOURCE: Barsky, Osvaldo, Los posgrados universitarios en la Republica Argentina (University Postgraduate Courses in
Argentina). Buenos Aires: Troquel, 1997.

To meet these objectives, the CONICET, like its
counterpart science-promoting agencies around the world:

Table 10. Ph.D.s in basic and technological

sciences, by fine field, 1989-93

Fine Field Ph.D. graduates | Percent « sponsors Scientific and Technological Researcher

TOW e 1129 100 Career and a Staff Support Career (R&D);

ASLIONOMY.......cocviiviirercreeiias 22 1.9

BI0IOGY......vvveeeeeeeeeeseseeerirren 88 7.8 * provides assistantships and fellowships for the

PRYSICS......oovvverernssscisisssnnn 37 33 training of university graduates or for doing spe-

GEOPNYSICS..orrvverreeereersne 1 0.1 cific research work at home or abroad;

GEO0IOGY...cvevvrerrriiirrererererreen 47 4.2

Math and computing.............. 2 21 » subsidizes and fosters scientific technological re-

o 102 9.0 search aimed at achieving scientific and techno-

AGEONOMY oo 1 01 Ic_>gica| progress, z_and supports acti_vities for_ this

Veterinarian medicine......... 1 01 kind of research, in both the public and private

Civilengineering..........ccoeuvvveen. 26 2.3 Sectors;

Commun'cat'9n en,gmee“ng """ 0 0.0 » fostersscientific and technologica exchange and

Electrical engineering............... 3 0.3 cooperation at home and abroad; and

Industrial engineering............... 0 0.0

Mechanical engineering q 00 * provides organization and subsidies for ingtitutes,

Mining engineering............... 9 00 |aboratories, and research centers, which usually

Chenmical engineering............. 20 18 operate in universities and other private or public

ATCIECIUE oo q 00 ingtitutions, or even within the CONICET itsalf.

Pharmacy.........ccooeevenrenirennnnd 160 14.2

Interdisciplinary 597 529 For along time, the CONICET was the only entity
SOURCE: Barsky, Osvaldo, Los posgrados universitarios en la that gave fellowshi ps for the traini ng of researchers and

Republica Argentina (University Postgraduate Courses in

Argentina). Buenos Aires: Troquel, 1997. highly qualified human resources both & home and abroad.
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However, the training of researchers did not necessarily
involve acquiring a postgraduate degree. The reason for
thiswas that there was a very limited tradition of doctor-
ate studies in Argentine universities, and—on the other
hand—a certain “patriarchal” or magisteria culture in
Argentine science, according to which thetraining of new
researcherswas conceived of asthe practice of research-
ersworking with amaster or being included in aresearch
team. This process included a “beginner” level and an
“updating” level. The fellowships granted by the
CONICET were either of these two types. They did not
necessarily require obtaining a Ph.D. degree, not even
when they were granted to train researchers abroad.

The fellowships offered by the CONICET for the
training of researchers were considered a practicaly in-
dispensable prerequisite for entry into a“researcher ca-
reer”; thus, the CONICET tried to regulate the number
of fellowships to be given every year according to the
vacanciesavailablein the course of studies. Inthoseyears
when entering this course was highly restricted, conflicts
arose with thefellowswhose aspirations were frustrated.
The negative consequences of thissituation ultimately have
affected the researcher career itself, bringing about an
overall aging of the researcher staff roster. This situation
changed in 1997, when entry to the course was expanded;
the course has since been enlarged by almost 20 percent.

The fact that the CONICET did not require a doc-
torate of itsfellows complied with the policy of regulating
the number of fellows according to registration, and lim-
ited the number of fellowships the organization offered.
Since, in practice, the fellowships stretched out much far-
ther than the previoudly established 4 years, it was quite
usua for a CONICET fellow to remain for up to 7 years
(and sometimes even longer) in the status of aresearcher-
trainee. Obvioudly, thisreduced the organization’ s capac-
ity to give other fellowships due to budget limitations.

The reordering of the higher education system and
of thefellowship system are solutionsthat have been tried
during the past years to put an end to this problem. At
present, fellows must have a postgraduate degree, and a
Ph.D. is now necessary to enter the researcher career.
The CONICET has findly created fellowships for post-
graduate studies that do not necessarily involve thetrain-
ing of aresearcher, with awider criterion of what isknown
as high-level human resources.

Among theinnovationsin the CONICET fellowship
system are postdoctorate fellowshipsin corporationsasa
way of including trained researchers in the productive

sector. Also, the CONICET has created a system of fel-
lowships to strengthen the technological development of
skills and the transfer of technology.

THE FOMEC

The Fund for the Improvement of University Qual-
ity, crested in 1995, was designed to provide financid sup-
port for reform processes and to improve the qudity of
nationa universities. Improving the level of postgraduate
courses offered by Argentine universities is one of the
central aspects of the FOMEC program; with this pro-
gram, both the supply (through the support of certified
courses) and the demand (through fellowsfor young teach-
ers) are funded. Funding to strengthen supply only ap-
pliesto state universities, since Argentina does not subsi-
dize the private sector university system except in the
research area.

Before the LES was given legal force, rules were
established and practi ces devel oped to eva uate postgradu-
ate courses, since the FOMEC needed a mechanism to
assess and certify the supply of postgraduate courses in
order to fund their devel opment according to their level of
certification. In 1995, the Commission for the Certifica
tion of Postgraduate Courses (Comision de Acreditacion

Table 11. Fellowships given by the FOMEC, 1995-97

Level of study Total | Athome | Abroad | Mixed
Total s 1,780 1,007 705 68
Master's........coeovnereennenes 805 501 304
Doctorate........crevrevneeened 675 368 239 68
Postdoctorate............... 207 45 162

SOURCE: Fondo para el Mejoramiento de la Calidad Universitaria (FOMEC).

de Posgrados) was created, which carried out the first
process of certification. In this first experience, 27 per-
cent of master’s and doctorate courses offered in the
country were certified, qualified, and classified into three
ranks. A, B, and C. Postgraduate courses certified as
A—and, exceptionally, those ranked as B—were autho-
rized to admit fellows funded by the FOMEC program.

FELLOWSHIPS FOR POSTGRADUATE
COURSES

In 1997, there were 3,824 fellows in Argentina at-
tending postgraduate courses with fellowships provided
by national organizations (table 12). One-third of the fel-
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lowships awarded (32 percent) were for studies abroad;
the remaining 68 percent were for postgraduate studies
pursued in the country.

Fifty-one percent of the fellowships (1,940) were
given or administered by the Ministry of Culture and Edu-
cation; 47 percent (1,783) were granted by science and
technology organizations; and 2 percent were from other
offices of the national adminigtration, mainly for thetrain-
ing of the staff itself or for adiplomatic course of studies.

Contrary to the trend of increasing enrollment for
postgraduate courses in Argentina, the CONICET fel-
lowships, traditionaly a mgor ingtitution in this matter,
decreased between 1993 and 1998 from 1,926 to 1,210—
a 37 percent drop (table 13). The reasonsfor this decline

Table 12. Total active fellows, 1997

TOtAL v 3,824*
Ministry of Culture and Education
FOMEC....... s 1,687
International Co-operation..............c.ce..... 170
PROFOR.......coinieineinieneieneseseeneineeis 52
PROFOR/FULLBRIGHT........cccoevvvrirnnne 1
CAPES, Brazil...........c.ccocovvvvririinininns) 20
Science and Technology Organizations
(610111 (01 =3 F N 1,210
INTA o] 120
CNEA......ooiec e 47
INTL o 6
UBA CYT ... 400
Others, Public Administration

ISEN. .ottt 40
AFIP .o 40
ISEG...oiiiiiienee s 15
INAP ... 6

NOTE:  *This figure must be interpreted as stock, since it stands

for the number of postgraduate students whose
fellowship was in force, regardless of the year it started.

SOURCE: National Council of Science and Technology Studies
(CONICET).

are outlined above. The 1995 creation of the FOMEC as
an entity that also provides grants greatly increased the
supply of fellowships and seems to have compensated
for this drop.

FELLOWSHIPS TO STUDY ABROAD
Most of the 1,210 fellows studying abroad in 1997
were funded by the FOMEC (64 percent); the next larg-

est sources of fellowships were those provided as part of
the international cooperation mechanisms sponsored by
the Ministry of Culture and Education, and CONICET
fellowships to study abroad.

Table 13. CONICET: number of fellows, as of last month
of each year

Level 1993 | 1994 | 1995 | 1996 | 1997 | 1998
J0]7: S 1,926 1,970 1,764] 1,705( 1,503| 1,210
Beginner............... 6220 523 549 571 523 529
Updating............... 1,013 1251 664 544 569 537
Postdoctoral......... 2 2| 540 578 411 144
Others.................. 289 194 12 12 0 0

SOURCE: National Council of Science and Technology Studies (CONICET).

Table 14. FOMEC: fellowships to study abroad and

mixed fellowships, 1995-98

Basic sciences Social, human,
Level L and health | Total
and engineering .
sciences
Total ey 508 269 773
Master's........... 145 159 304
Doctorate......... 213 94 307
Postdoctorate.. 150 121 162
SOURCE: Fondo para el Mejoramiento de la Calidad Universitaria
(FOMEC).

FOMEC Fellowships

Out of the 773 FOMEC fellowships provided for
study abroad, 40 percent are for doctorates, 39 percent
for master’s, and 21 percent for postdoctorates (table 14).

Two-thirds of the fellowships are for basic science
and engineering courses (primarily in doctorate programs).
One-third is dlotted to the socia, human, and health sci-
ences (primarily in master’s programs). Most
postdoctorate fellowships are in the basic sciences and
engineering.

CONICET Fellowships

Of the 94 CONICET fellowships to study abroad
still in force, 38 percent are for fellows pursuing doctor-
atesin the United States, 18 percent in Great Britain, and
15 percent in France; the remaining fellowships are for
doctora study in Spain, Holland, Germany, Austraia,
Canada, and Italy (table 15).

These figures can be correlated to a great extent to
the proportion of publications coauthored by Argentine
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and foreign scientists. Of the publications produced in
collaboration with other countries between 1991 and 1995
and recorded in the Science Citation Index, 38 percent

Table 15. CONICET: fellows studying abroad by

country (as of August 31, 1998)

Table 16. CONICET fellowships abroad in force as of

August 31, 1998

Country Fellows Percent

Total....ccoveeriineen 94 100

Australia............ 2 2

Canada............. 2 2

France..............| 14 15

Germany........... 4 4

Great Britain....., 17 18

Holland.............. 8

[taly....ocooeerrerne,

Spain......oeeeened 9 10

United States.... 36 38
SOURCE: National Council of Science and Technology Studies

(CONICET).

had U.S. coauthors; 15 percent had Spanish coauthors;
13 percent each had French and Brazilian coauthors; and
12 percent were collaborations with German authors.

Fifty-nine percent of the CONICET fellowships
abroad correspond to stipends for postdoctoral courses
and 40 percent for doctorate courses. The postdoctoral
courses are mostly in the natural and exact sciences. In
the socia sciences and humanities, there is a prevalence
of doctorates.

Thirty-nine percent of the fellowships abroad are
for the natural and exact sciences, followed by the tech-
nological sciences (19 percent), socia sciences (15 per-
cent), farming and agriculture (13 percent), humanities
(10 percent), and medical sciences (4 percent).

FELLOWSHIPS IN THE COUNTRY

There are atotal of 2,614 fellows doing postgradu-
ate work in Argentina with grants provided by public in-
dtitutions; of these, 1,116 (43 percent) were granted by
the CONICET and 914 (35 percent) by the FOMEC. A
sgnificant amount of fellowships was awarded by the
Universidad de Buenos Aires, which contributes toward
postgraduate studies,; these awards do not necessarily
imply course attendance (i.e., the recipients might be do-
ing research only).

Field Total | Master's| Doctorate doz?osr;te
TOtAl s 94 1 38 55
Agricultural sciences.............. 11 1 6| 4
Biological sciences................ 11 11
Engineering and technology.. 10 6 4
Physical sciences................... 8 8
Chemical sciences................. 7 - 7
Chemical engineering............ 6 1 5
Earth sCiences.........ccovcveeenc 6 - 6
ECONOMICS.....cvvvrvicierrirene 5 5 -
Math and computing.............. 5 2 3
Medical SCiences...........oveuen. 4 1 3
SOCI0lOGY....coovvvrrererrrrnens 4 4
LAW. ccoceereeeeeeene 3 3
Philosophy........cccccveniieriennn 3 3 -
HISLOMY.....coeccreeceines 3 2 1
Architecture.........cccocovveurinenns 2 2
Political sciences.................... 2 1 1
Anthropology........cccevvvervennn. 1 - 1
Philology.......cccoeveerneniinieinees 1 1
LINQUISHICS.....vevreceereiceninennd 1 1
\/eterinarian sciences............. 1 1

KEY: (-) = not applicable
SOURCE: National Council of Science and Technology Studies (CONICET).

CONICET Fellowships

Of the CONICET’s 1,210 active fellowships, 92
percent are loca fellowships. Of these, 47 percent are
beginner fellowships, which are mainly for master’'s
courses; 45 percent are fellowshipsfor advanced courses
through doctorates; and 8 percent are fellowshipsto take
postdoctorates (table 17).

By field, 49 percent of the CONICET fellowships
(547) arein the exact and natural sciences, where updat-
ing fellowships prevail; 16 percent (175 fellowships) are
in the technology area, where both beginner and updating
fellowships prevail; 15 percent (171 fellowships) are in
medica sciences, with an equa amount for beginner and
updating courses; 9 percent are in the humanities with a
net prevalence of beginner fellowships; 6 percent are in
the socia sciences, which are mostly for beginner fellow-
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Table 17. CONICET, total fellowships as of May 1998

! . . Post-

Field Total | Beginner| Updating doctorate

TOtal o] 1,210 529 537 144
MediCine........ccocoveunienened 175 75 72 28
Biology.....ccoeveveveverrnne 160 63} 72 25
Chemistry........cooveeinenes 154 61 77 18
PhYSICS.....oeviirrieiiinrninn 114 42 62 12
Earth....coovvveeeeninnd] 112 45 49 18
Chemical Engineering..... 10d 33 54 13
AQronomy.........c.ceeeeenenes 66) 33 30 3
HIStOry....cocveveeereician, 60 36 21 3
Engineering........cccocvevee. 58 33 23 2
S0CI0IOGY....everirerrreeeiaine 45 27| 16 2
Math......coveevnirreeiins 40 15 19 6
Architecture...........cooeenee 35 18 12 5
Literature........ccocevveureenene 24 13 10 1
Philosophy.........cccoeueinnns 23 12 5 6
LW, 22 14 7 1
Economics........ccccoeuveennd 14 6] 7 1
Others.........ccococevveee.... 4 3 1 0

SOURCE: National Council of Science and Technology Studies (CONICET).

ships; and 5 percent (55 fellowships) go to the agricul-
tural sciences, with a dight predominance of beginner
fellowships.

FOMEC Fellowships

Out of the FOMEC's total 1,687 fellowships, 914
(54 percent) are for local fellowships. Of these, 377 are
open grantsdirectly alocated to the postgraduate courses
(table 18). Fifty-five percent of the local fellowships are
for master’s degrees, 40 percent for doctorates, and 5
percent for postdoctoral degrees. This same scheme, with

Table 18. FOMEC local fellowships, 1995-98

Basic sciences Social, human,
Level Total o and health
and engineering .
sciences
Total..coooveeerennen, 914 695 219
Master's.............. 501 358 143
Doctorate...........] 368 298 70
Postdoctorate..... 45) 39 6
SOURCE: Fondo para el Mejoramiento de la Calidad Universitaria
(FOMEC).

some dight differences, applies to the basic sciences and
engineering, and to the socia, human, and hedth sciences.

Table 19. FOMEC fellowships granted by field,

1995-98

TOtAL oo 1,687
Subtotal, Basic Sciences and Engineering....) 1,140
BiOlOgY....cvvvevriereeeee e 83
PhYSICS...coovieiirericeieeeiesee s 113
COMPULING...cvverreeirereeeieeseieee e 89
(O 93
ChemiStIY......ccovoviiieieceees e 97
ENQineering COUrSES.........ovuveererrnnrereenens 251
Farming and agriculture sciences.............. 301
Other basiC SCIENCES........ovevrrreririirireins 113
Social, Human and Health Sciences.............. 547

SOURCE: Fondo para el Mejoramiento de la Calidad Universitaria
(FOMEC).

The exact and natural sciences account for 28 per-
cent of the total FOMEC fellowships; farming and agri-
cultural sciences, 18 percent; engineering, 15 percent; and
the social, hedth, and human sciences, the remaining 32
percent (table 19).

FINnaL REMARKS

Postgraduate studies and the training of research-
ersin Argentina have traditionally been shaped on a pe-
culiar modd that is hard to compare with that of countries
that have adjusted their higher education systems to the
Anglo-Saxon tradition—more specifically, to the Ameri-
can modd.

Having a curricular model that is long and grants
degrees called Licenciaturas (Smilar to a bachelor’'s
degreein Britain), postgraduate careers have not become
widespread or properly rooted in the Argentine univers-
ties, except in the exact sciences and specializations in
the field of medicine. The scientific system has been
geared toward training researchers through apprentice-
master relationshipsrather than viaforma doctorate stud-
ies. Added to thisis the country’s relatively low level of
industridization, which is manifested in alow demand for
highly trained engineers.
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Recently, the situation has begun to change, more
due to government pressure than to societal demands.
The prevailing criterion in these recent changes isto ad-
just Argentina seducational and scientific systemsto new
international trends. This process is just beginning and
haslittle legitimacy insde the academic world; moreover,
under the present circumstances, it is very disorderly.
However, it ispossibleto consider the expansion of gradu-
ate education as atrend to be strengthened in the future.

There are not enough data available to assess the
international mobility of scientists and engineers in Ar-
gentina. Neverthe ess, in examining co-publications, it can

be noticed that only 23 percent of the articles by Argen-
tine authors in the Science Citation Index in the period
between 1991 and 1995 are done in collaboration with
other countries (Fernandez, Gimez, and Sebastian 1998).
Thisfigureis by far the lowest in Latin America. There
are two main reasons for this fact. The first is that the
Argentine scientific community is isolated from the rest
of the world, mostly due to a lack of policy instruments
facilitating international mobility. The second derivesfrom
the greater degree of autonomy and maturity of the Ar-
gentine scientific community, mainly because of itslonger
tradition as compared to other Latin American countries.
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GRADUATE EpucaTioN IN BraziL

Beatriz Santana, Marcos Palatnik, Jacqueline Leta, and Leopoldo de Meis

| NTRODUCTION

The development of scientific and technological in-
frastructure and the formation and expansion of the aca-
demic community in Brazil has been focused on three
different strategies over three periods (Marcuschi 1996).

1. During the 1950s and 1960s, research activities
began to beformally organized and received great
incentives from the Federal Government. In this
period, the most important scientific and techno-
logical funding indtitutionswere established inthe
country, among them the Nationa Council for
Scientific and Technological Development
(CNPq, linked to the Ministry of Science and
Technology) and the Coordination for the Im-
provement of Higher Education Personnel
(CAPES, linked to the Ministry of Education). In
other words, during these 2 decades, Brazil in-
vested in building up an infrastructure for sci-
ence and technology.

2. In the 1970s and 1980s, public policies focused
on the expansion of graduate programs. During
this period, CNPg and CAPES gave significant
financial support to master’ sand Ph.D. programs
and offered fellowshipsfor graduate sudents. The
focuswas on thetraining of human resourcesfor
science and technol ogy.

3. At the beginning of the 1990s, Brazil recognized
the importance of addressing the scientific edu-
cation of undergraduate students in order to im-
provetheir later performancein graduate schoals.
In this context, CNPg moved to reinforce the Ini-
tiationin Science (IC)* Fellowship Program, which
consigts of stimulating the involvement of univer-
Sity studentsin research being carried out by fac-
ulty members.

In this report, we andyze national policies for sci-
ence and technology and their effects on graduate pro-
gramsin Brazil. The discussion examinesthe accomplish-
ments and failures of the federal government as it has
attempted to train capable human resources for science

and technology. It points out some of the difficulties Bra-
zil till faces regarding the return on investments in per-
sonnd for scientific and technological activities. In addi-
tion, we discuss the sources and scope of investmentsin
research and development (R& D), which present agreat
chalenge for the country.

BraziLiAN GRADUATE PROGRAMS:

ORIGIN AND MAIN FEATURES

In the period between 1950 and 1980, Brazil experi-
enced great changes, shifting from an agrarian to an in-
dustria economy. A large part of the population migrated
from small townsto urban centers, generating serious lo-
ca and regiona imbalances.

Since 1951, CAPES and CNPq have assumed the
responsibility for training both scientists and technologists
for R&D activities and academic personnd to teach in
ingtitutions of higher education. The importance of both
agenciesin the support of graduate studies was discussed
in a recent report by Guimardes and Humann (1995).
According to the authors, in 1992-93, these two agencies
granted 96.6 percent of al national fellowships;? the re-
maining 3.4 percent was granted by the state agency of
S50 Paulo (FAPESP).

During the 1960s, the industria complex expanded
under the protection of policies that favored domestic,
multinational, and state-owned companiesresident in Bra-
zil, insulating them from foreign competition (Schwartzman
1995). The policy of protecting interna industry was ac-
companied by an important public commitment to the de-
velopment of an infrastructure for scientific and techno-
logica activities. Brazil, a this point ruled by a military
government, invested in science and technology and cre-
ated the Second Nationa Development Plan, which pro-
tected nascent indugtries, invested significantly in research,
and established the Nationa Program for Graduate Stud-
ies (PNPG). According to Guimarées and Humann (1995),
“the PNPG was designed as aroute for accelerating the
training of human resources suitable to supply the urgent
need for qudified personne cagpable of improving the quality

1C” from the Portuguese Iniciagdo Cientifica

2Thisincludesfellowshipsfor speciaization and master’s, Ph.D.,
and postdoctoral programs abroad and within Brazil.
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of teaching and strengthening the research activity at uni-
versitiesand other ingtitutions.” Asaresult, graduate pro-
gramswere launched in public universties, and adynamic
fellowship program was established by CNPq and
CAPES. Unlikein other countries, to beenrolled in aBra-
zilian graduate program, students must hold adegreefrom
any of the 922 institutions of higher education established
in the country. These students may require first a 2.5-
year fellowship to attain a master’ s degree; after gradu-
ating, a 4.5-year fellowship may be required by the stu-
dent to attain the Ph.D. degree. These are the maximum
durations of thefellowships granted by CAPES and CNPg
for graduate students.

Having received strong support from the military
governments during the 1970s and 1980s, R&D faced a
significant drop in federal fundsin the early 1990s (figure
1B). Government policy concern is now directed toward
devel oping and strengthening the links between academic
research (at universities and research ingtitutions) and
private companies.®

In spite of problems with funding and the lack of
investments from the productive sector, Brazil has suc-
ceeded in setting up asignificant infrastructure for scien-
tific and technologica development. Today, the country
hasthelargest R& D system in Latin America, with 4,402

Figure 1. Brazilian scientific publication rate (A) compared with R&D funding (B,C)

Number of Percent of world B C
publications publications uss$ Number of fellowships
6,000 0.6 3,000,000 24,000
r 0.55 22,000
5,000 05 2,500,000 /\\ Total 20,000 Master's /
r 0.45 18,000 '
4,000 04 2,000,000 16,000 /
r 0.35 / 14,000 I
3,000 0.3 1,500,000 \ 12,000 /
T 025 10,000 /
2,000 02 1,000,000 8,000 1 va
Investigator, /
+ 015 6,000 R
CNPg's I Ph-y
1,000 0.1 500,000 TEANE 4,000 1
- M oe
T 005 - 2,000
0 T T T T T 7T
0 LI L 0 n ~ [2] — 0 L I N I B NN B BN BN B
0 ~ D fom o™ [se] [ee) [} D
58358 ¢ S 58 &8 8¢

KEY: (A) Annual rate of Brazilian scientific publications from 1985 t01993, either worldwide or by Brazilian share of world's publications.
(B) Total Brazilian resources allocated to R&D and National Council for Scientific and Technological Development (CNPg)'s.
(C) Fellowships granted annually by CNPq and Coordination for the Improvement of Higher Education Personnel (CAPES) for master's students

Ph.D. students, and investigators.

SOURCES: Institute for Scientific Information (1993); (CNPg), Relatério Estatistico 1993 Brasilia, 1994; CNPq O CNPq e a ormagéo de recursos
humanos de C&T para o Brasil, estatisticas de bolsas no pais e no exterior, 1980-95. Brasilia:MCT/CNPq, 1995, and Leta, J., D. ILannes,
and L. de Meis. A formac&o de recursos humanos e a produgao cientifica no Brasil. In M. Palatnik, et al., A Pos-Graduagao no Brasil.

ISBN 85-900550-2-7. Rio de Janeiro, 1998.

8Jose . Vargas, in a speech given during the meseting with state

ministers on the announcement of a new economic plan coordinated
by Fernando Henrique Cardoso, minister of Finance, June 14, 1993;
cited in Schwartzman (1995).
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research groups and about 15,000 active scientists and
researchers (Schwartzman 1995). The number of publi-

cations appearing annualy in international journals has
increased steadily (figure 1A). In the last few years, the
bulk of CNPg's expenditures, which represent approxi-

mately 10 percent of total federal investments (compare
table 5 with appendix table 1), has been alocated to fel-

lowship programs rather than to grantsin aid (which pay
for infrastructure and equipment) (figure 2 and appendix

table 1). Leta, Lannes, and de Meis (1998b) point out a
correlation between support for training human resources
(figure 1C) and the annual increase in the number of Bra
zilian publications (figure 1A). They conclude that invest-
ment in the education of qualified personnel isakey vari-

ablein determining level of scientific production.

Figure 2. Budget distribution (percent) for the

Brazilian agency CNPq, 1992

Other
4%

Adminis-
tration
7%

Institutes
12%

Grants
3%

Fellowships
74%

NOTE:  For details, see appendix table 1.

SOURCE: National Council for Scientific and Technological
Development (CNPqg), Brazil, 1993.

REerForvs IN GRADUATE EDUCATION

Current reforms in Brazilian education are mostly
focused on the eementary and secondary levels. With
respect to higher education, some important reforms are
(1) the creation of shorter courses in which a student
attains a degree in only 2 years, (2) annua evaluation of
al ingtitutions of higher educeation, and (3) a more accu-
rate evaluation of graduate programs every 2 years.

The present system of graduate programs in Brazil
dates back to the 1960s when the PNPG was established.
Although Brazil has been able to expand its scientific and
technologica activities, the sector ill faces significant
problems. One of the difficulties concerns the efficiency

of graduate programs, which have been evaluated by
CAPES every 2 years. The evaluation processtakesinto
account a series of indicators, among them the curricu-
lum vitae of each faculty member and the average time
students enrolled in the program take to graduate. Until
1997, CAPES rated graduate programsin five categories
from A to E, with A being the best. In the 1998 evalua
tion, this scale changed from 1 to 7—the higher the num-
ber, the better the program. With this new eva uation, pro-
grams rated 2 or below are not alowed to register new
enrollments until they achieve a better performance.
Among theamost 1,800 programs established in the coun-
try, only 23 achieved arating of 7; of these, 21 were in
public universities, 1 wasin afedera research ingtitution,
and the remaining 1 was in a private university. A na
tiona average time required for students to graduate is
not available, either using the old or the new qudification
scales.

We here present data on the best-rated graduate
programs, according to the 1994-95 nationd evaluation,
at the Federa University of Rio de Janeiro (UFRJ), the
largest Brazilian federal university in the country. Tables
1A and 1B show how long it took students graduating in
1995, 1996, and 1997 to conclude their master’ sor Ph.D.
coursework. In 1995, none of the “A”-rated master’s
courses had reached an average of 30 months (2.5 years);
in contrast, in 1996 and 1997, the number of master's
programs that attained this average increased to 4 and 6,
respectively (table 1A).

The performance of the Ph.D. programs was simi-
lar. In 1995, only two of the best-rated Ph.D. programs
had an average of 54 months for completion (i.e., stu-
dents in these concluded their studies in 54 months or
less—4.5 years). In 1996 and 1997, a larger number of
Ph.D. programs achieved this average (table 1B). (For
more details about UFRJ s A-rated graduate programs,
see appendix tables 2 and 3.) In spite of the improvement
in time students spend in UFRJ s A-rated graduate pro-
grams, one additiona point has to be considered: these
courses represent only 33 percent and 23 percent of the
total number of master’s and Ph.D. programs, respec-
tivey.*

To improve student performance in graduate pro-
grams, during the 1990s, CNPq greatly expanded its IC
Fellowship Program. This program allocates to each in-
vestigator a number of scholarshipsto be awarded to un-

4At present, UFRJ offers 86 master’s programs and 67 Ph.D.
programs.
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Table 1. Months to obtain a degree in the “A”-rated

graduate programs at the Federal University of
Rio de Janeiro

A. Master’s programs

Number of programs
Months (average) 1995 1996 1997
UPt0 30, 0 4 6
3110 40....cciiirinne 8 13 12
4110 50. .. 17 8 10
more than 50................ 4 4 1

SOURCE: Sub-Reitoria de Ensino para Graduados e Pesquisa (SR-2),
Universidade Federal do Rio de Janeiro, Rio de Janeiro.

B. Ph.D. programs

Number of programs
Months (average) 1995 1996 1997
UPto 54 2 5 7
5510 65, 6 8 5
6610 75....cvirerrrieines 4 2 3
more than 75................ 4 0 1

SOURCE: Ministry of Education, Coordination for the Improvement of
Higher Education Personnel (CAPES) indicators for 1995,
1996, and 1996 for “A’-rated master’s programs, which were
the best qualified programs in the 1994-1995 evaluation.

dergraduate studentswho are engaged in research projects
for 20 hours aweek. The main goals of the IC program
areto:

* attract a greater number of talented students to
academic careers,

* prepare students for graduate work in order to

decrease thetimethey will spend in master’ sand
Ph.D. programs,

* reducethe average age of Ph.D. candidates, and
* improve the quality of future researchers.

The number of I1C fellowshipsincreased grestly af-
ter 1992, risng from 7,548 in 1990 to 11,440 in 1992 and
18,789 in 1995 (CNPqg 1995). This sgnificant expansion
inthe number of |1C fellowships made this program one of
the most important initiatives undertaken by the Brazilian
government in an attempt to improve the training of sci-
entists. During the last 2 years, CNPg has granted more
fellowships to Ph.D. students than to master’s. Asare-
sult, CAPES is now the main federal agency to grant
master’ s programs.

TRENDS IN GRADUATE EDUCATION

ENROLLMENT AND DEGREES

Research and technological development in Brazil
is carried out a 136 universities (of which 72 are public
and 64 private) (INEP 1997); federal research ingtitu-
tions® research ingtitutes linked to state-owned compa-
nies; research ingtitutes linked to state governments; and
a few private enterprises (mainly in the fields of paper
and pulp, computers, automobile suppliers, and stedl).

In spite of this apparently diverse group of research
establishments, most research in Brazil is concentrated in
the public universities. Out of the total 922 ingtitutions of
higher education, only 10 public universties (0.01 per-
cent) were responsible for 52.5 percent of all Brazilian
publications indexed in the Indtitute for Scientific Infor-
mation database during the 1981-93 period (Leta and de
Meis 1996). Further evidence of the predominant role of
the public universties is the distribution of graduate pro-
grams. In 1996, 91.3 percent of graduate programs were
offered by public universties; the great majority of gradu-
ate students were later hired by these ingtitutions. The
growth in the number of graduate courses from 1987 to
1996 is shown in table 2. In this period, the number of
master’ sand Ph.D. programsin the country increased by
37 percent and 63 percent, respectively. As a result of
thisincrease, thetota enrollment and the number of gradu-
ate degrees awarded annually have also grown (figures
3A and 3B), as has the number of scholarships allocated
by CNPg and CAPES within the country (figure 1C).

Although the number of students enrolled in and
graduated from master’s programs is higher than for the
Ph.D., there is a trend toward a decrease. This is sug-
gested by the decreasing ratio of enrollment in master’s
versus Ph.D. programs (inset, figure 3A). The same is
true for degrees awarded (inset, figure 3B). It isimpor-
tant to note that Ph.D. enrollment increased over the 10-
year period by 176 percent (from 7,960 to 22,004), while
Ph.D. degrees rose by 240 percent (from 872 to 2,972);

SInstitutions linked to the Ministry of Science and Technology
are: the National Institute for Space Research, the National Institute
for Research on the Amazon, and the National Institute of Technol-
ogy; those linked to CNPq: the Brazilian Center for Physics Research,
the Center for Mineral Technology, the Institute of Applied and Pure
Mathematics, the National Observatory, the National Laboratory of
Synchrotron Light; those linked to the Ministry of Agriculture: the
Brazilian Corporation for Agricultural Research; and those linked to
the Ministry of Health: the Oswaldo Cruz Foundation.

206



Table 2. Growth in the number of thisindicates animprovement in nationa capacity for train-
graduate programs in Brazil ing new Ph.D.s. This tendency is seen across various

Master's Ph.D. fields, as shown in gppendix tables 5 and 7.
:S: Zgg Despite efforts on the part of the Brazilian govern-
936 430 ment to develop a diversified R& D system, the percent-
964 450 age of the population that receives a graduate degree is
982 168 st_ill very low com_pared to some other developed coun-
1018 502 tries. In 1996, Brazil’s popula_\tl onwas 157,070,163 (| B_GE
11039 524 19_96)—Iarger than that of either Germany or the United
1'139 S04 Klngdom_. However, the total _numbers of PhD degrees
’ awarded in these |atter countries were, respectively, 7.5
ii: Z;? and 2.7 times higher than the number awarded in Brazil.

SOURGE e e f Compared with the United States, the differenceis even
: Ministry o ucation, Coordination for the Improvement o . . . - .
Higher Education Personnel (CAPES), July 1998, higher: 7.8 times (figure 4A). If we compare the ratio of

Figure 3. Evolution of annual enrollment in Brazilian graduate programs (A) and degrees granted (B
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KEY: (A) Number of students enrolled annually in Master's and Ph.D. courses from 1987-99. Insert: ratio between Master's and Ph.D.
enroliments.

(B) Number of degrees conferred annually to master's and Ph.D. students in the same period. Insert: ratio between master's and Ph.D.
degrees.

SOURCE: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998.
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Ph.D.sawarded annudly to thetota population, Germany
stands out among the other countries, with amost 30
Ph.D. degrees per 100,000 inhabitants in 1992 (figure
4B). Although thisratio isincreasing in Brazil, itis still far
below theidea for acompetitive R& D system. Itisworth
mentioning that, unlike in most developed countries, 41.4
percent of the Brazilian population consists of young
people aged 5 to 24 (IBGE 1996). This fact reveals a
great chalenge for the country’s modern education: a
small scientific community is responsible for promoting
science education to a very large young population (de
Meis and Leta 1997). This challenge is a common fea
ture among most devel oping countries. An effective sci-
ence education would provide youngsters with the so-
phisticated scientific and technological skills required to
enter the workforce today.

THE OVERSEAS FELLOWSHIP

GRADUATE PROGRAM

Throughout the last decades, CNPq and CAPES
have alocated scholarships for students to pursue their
studies outside the country as well as within it. Table 3
shows the growth in both types of fellowships awarded
by these agenciesin 1990-95. It isworth noting that, while
the number of fellowshipsfor study within Brazil increased
over that time, the number of fellowshipsfor study abroad
remained constant.

The master’s and Ph.D. students awarded scholar-
ships to study within Brazil receive monthly stipends of
about US$600 and US$A00, respectively. Students en-
rolled in public indtitutions are not charged tuition or labo-

Figure 4. Number of Ph.D. degrees awarded annually in Brazil and in selected developed countries
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KEY:

(A) Total Ph.D. degrees per year in Brazil, Germay, United Kingdom and United States.

(B) Ratio of number of Ph. D. degrees and total 100,000 population for each country.

SOURCES: For Brazilian data: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998, and
IBGE, Anuério Estatistico do Brasil. Rio de Janeiro: Fundagdo Instituto Braileiro de Geografia e Estatistica, 1996; for foreign data:
National Science Foundation, Division of Science Resources Studies (NSF). Human Resources for Science & Technology: The Asian
Region. NFS 93-303. Arlington, VA, 1993, and Human Resources for Science & Technology: The European Region. NSF 96-316.

Arlington, VA, 1996.
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Table 3. Scholarships for study at home and abroad awarded by CNPq and CAPES

Agency and destination 1990 1991 1992 1993 1994 1995
CNPg total......cvevrivrieneene 28,696 33,041 37,834 40,955 44,420 52,041
HOME ..o, 26,542 30,586 34,991 38,218 42,002 49,909
Abroad.........ccoceviennc] 2,154 2,455 2,843 2,737 2,418 2,132
CAPES total........ccocevvnee 14,518 15,611 15,377 21511 23,124 25,523
HOME....coecr, 12,319 13,557 13,406 19,309 20,922 23578
Abroad...........cccou....) 2,199 2,054 1,971 2,202 2,202 1,945
Total.coceeeieereees 43214 48,652 53,211 62,466 67,544 77,564
HOME....v 38,861 44,143 48,397 57,527 62,924 73,487
Abroad...........cccooninn) 4,353 4,509 4,814 4,939 4,620 4,077
NOTE: Home scholarships include science technician, specialization, master's, Ph.D., postdoctorate, investigator, technician, and industrial

science technician. Scholarships abroad include specialization, master's, Ph.D., postdoctorate, “sandwich,” and sabbatical leave.
SOURCES: National Council for Scientific and Technological Development. (CNPg), Indicadores Nacionais de Ciéncia e Tecnologica 1990-1995.
Brasilia: MCT/CNPq, 1995 and Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES),

July 1998.

ratory fees. However, in recent years (1993-97), CNPq
and CAPES dlocated an additional sum—equivaentto a
third of the value of each student’ s sti pend—to the gradu-
ate program. These resources are called “bench fees.”
Considering both stipends and bench fees, the total ex-
penditure for a Ph.D. student enrolled in a graduate pro-
gram within the country in that period amounted to ap-
proximately US$58,000 for a4-year course.

A Brazilian graduate student who pursues adegree
in a foreign institution receives a monthly stipend of
US$1,100 and has his or her tuition and other fees paid by
one of the two Brazilian agencies (an average of
US$10,000 per year). The scholarship can be renewed
for amaximum of 4 years. Therefore, a the end of the
course, thetotal cost of educating these students amounts
to approximately US$93,000. In addition to the higher costs
of studying abroad, the Brazilian government is concerned
about therisk of a“brain drain.” As noted before, Brazil
is gtill struggling to increase the number of investigators
within the country; hence the importance of having the
young Ph.D.sreturn to Brazil after they graduate. More-

over, de Meisand Longo (1990) observed that Ph.D. stu-
dents studying abroad or within Brazil present smilar pro-
filesin terms of number of publications and citations dur-
ing their thesis work and in their professiona life after
degree award. This suggests that training in Brazil is not
very different from that received abroad.

To minimizethe emigration of talent and, at the same
time, offer Brazilian graduate students the opportunity to
work in important research centers abroad, CAPES and
CNPqg have devel oped aspecid program called the“sand-
wich” Ph.D. Graduate students engaged in this program
begintheir training in a Brazilian ingtitution and then spend
1 to 2 years doing research abroad. After this period,
they return to the Brazilian university in which they are
enrolled to conclude their work. The degreeis conferred
by the Brazilian ingtitution. In this program, the chances
of losing the student to a foreign research center are di-
minished. From 1992-95, enrollment in CNPg' s sandwich
program doubled, rising from 158 to 305 (table 4). In spite
of thisnew program, however, amost 70 percent of CNPg

aple 4 pero ola pS granted 1o ay abroad aitferent progra Pq, 1988-9
Graduate students 1988 1989 1990 1991 1992 1993 1994 1995
TOtAl e 1,611 1,979 2,154 2,455 2,843 2,737 2,418 2,132
MASLEI'S. ...y 172 234 225 192 148 69 17 5
FUl PR.D.oecie 956 1,243 1,508 1,821 1977 1912 1,726 1,475
Sandwich........cccveeeneeineninn] 158 255 302 305
Postdoctorate.............cccceeuene. 330 335 285 306 346 301 248 293
Specialization...........ccceeveeveiinnes 153 167 136 136 196 172 91 33
Sabbatical leave 18 28 34 21

KEY:

(-) = not applicable

SOURCE: National Council for Scientific and Technological Development. (CNPg), Indicadores Nacionais de Ciéncia e Tecnologica 1990-1995.

Brasilia: MCT/CNPg, 1995.
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scholarships abroad are ill alocated to Brazilian Ph.D.
students enrolled for a full 4-year program in a foreign
universty.

The mgjority of students abroad are pursuing their
degrees in American ingtitutions (figure 5). This shareis
amost the same as that observed by Meneghini (1996)
for international collaboration in Brazilian scientific publi-
cations. In this study, the author reports that the United
States, France, the United Kingdom, Germany, and Canada
were the countries that tended to collaborate with Brazil
on internationa publications, with shares of 37.9 percent,
13.3 percent, 10.9 percent, 8.9 percent, and 6.6 percent,
respectively. The data suggest that the choice of students
for the foreign ingtitution reflects the collaboration estab-
lished by the Brazilian research group in which the stu-
dents are engaged.

Figure 5. Countries in which Brazilian recipients of
scholarships from the National Council for

Scientific and Technological Development (CNPq)
studied abroad in 1995 (percentage)

France
17%

Great Britain
17% Spain

5%

Germany
5%

Canada

Other 5%

10%

USA.
41%

NOTE: "Other" includes 23 countries.

SOURCES: National Council for Scientific and Technological
Development. (CNPg), Indicadores Nacionais de
Ciéncia e Tecnologica 1990-1995. Brasilia:
MCT/CNPg, 1995.

There are no officia data available regarding for-
eign graduate sudentsenrolled in Brazilian programs. Mogt
probably, however, the mgority of these students come
from other Latin American countries.

THE RoLE oF GOVERNMENT,

| NDUSTRY, AND ACADEMIC
INSTITUTIONS IN SUPPORTING SCIENCE
AND TECHNOLOGY AND IN

EmpPLOYING GRADUATES

Despite the fiscal incentives established to encour-
age the private sector to invest in R&D during the 1960s,
most of the resourcesfor thisactivity come from the pub-
lic sector (state and federal governments). Thereis, how-
ever, some evidence that industry’s contribution to total
R&D costs may be increasing. In 1959, only two Brazil-
ian companies invested in R&D. By 1988, this number
had risen to 81 (de Meis et a. 1991). According to
Schwartzman (1995), only 6 percent of the investment in
science and technology came from private sources dur-
ing the period 1981-89. More recently, however, datacom-
piled by the Ministry of Science and Technology indicate
that Brazilian firmsincreased their participation to 22 per-
cent of thetotal amount allocated to thisactivity (table5).

From 1990 until 1996, the number of Ph.D. degrees
conferred annualy in Brazil grew from 1,222 to 2,972
(appendix table 4). Subsequently, there has been an in-
creasing demand for academic positionsin research insti-
tutions for these recent graduates. In this context, CNPq
and CAPES created and have been supporting a Pro-
gramfor Recent Graduates. In 1995, the program awarded
561 recent Ph.D.s a 3-year assistantship to work on a
research project under the aegis of some established group
inahigh-quality research center. These 3 years are meant
to help the postdoctora fellows maintain their academic
research activity, keeping them in an academic environ-
ment while at the same time alowing them time to look
for a permanent position.

As noted before, the bulk of Brazilian scientific ac-
tivity takes place in public universities. As a result, they
are the primary source of jobs for new graduates. In a
preliminary study, it was found that, out of a group of 519
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Table 5. Annual investments in science and technology by source (percent)

Source 1990 1991 1992 1993 1094 1995
Total (US$ million)...........cevververinnns 3,081.5 3,034.4 2,442.5 4,703.0 4,995.0 5,957.0
Federal government ®.................. 83.9 79 74.8 54.9 51.8 47.1
State government ®........ccocceeeen.] 16.1] 21 25.2) 18.4 15.2 21.8
Public enterprises®.... NA NA NA 8.3 9.1 9.3
Private enterprises ........cco.vurenns NA NA NA 18.2 23.9 21.8

# 1995 value includes an estimate of US$350,000 for wages of investigators who are faculty members at federal university. The current data collection

procedure apparently fails to capture most of these payments. Preceding years do not include this estimate.
® The number of states included from 1990 to 1994 was 23, 21, 20, 23, and 27, respectively. Value for 1995 was estimated by the Ministry of Science

and Technology.

© Estimate based on preliminary results from the first 500 firms responding to ANPEI's latest survey.

Values were updated based on the gross domestic product implicit price deflator and translated to dollars using the average exchange

rate for 1995 provided by the Brazilian Central Bank (US$1,00 = R$0,918). Totals for 1990-92 totals show only federal and state

KEY: NA = not available
NOTES:

government expenditures.
SOURCES:

Public sector data: Ministério da Ciéncia e Tecnologia/Coordenacao de Estatisticas e Indicadores de C&T, Brasilia, 1996; private sector

data: Associacdo Nacional de Pesquisas e Desenvolvimento das Empresas Industriais (ANPEI), 1996.

aumni in thelife sciences (Ph.D. students graduated from
UFRJ whose employment could be identified), 64.4 per-
cent have an academic position at UFRJ and another 16
percent are teaching at other public universities (table 6).
In contrast, only four aumni from thisgroup are employed
in private universities and only one in industry.

Table 6. Employment of Ph.D.s graduated in the life

Ph.D. degree: they comprise 24.8 percent of the total at
public indtitutions, as opposed to 7.4 percent at private
ingtitutions. From these data, it appears likely that a ma-
jority of new Ph.D.s begin their careersin public univer-
gties.

Table 7. Faculty members in Brazilian institutions of

higher education by their credentials, 1996

sciences: an example from the UFRJ Public Private
Position Number| Percent Credentials Number| Percent | Number | Percent
TOAl e 519] 100.0 Lo 74,666 73,654
Faculty at UFRJ........coooovvvvivvviiccccee s 334 64.4 Undergraduate degree...... 14,905 20.0] 18,465 25.1
Faculty at other public universities.............c.coouu.... 83 16.0 Specialization...................| 19,261 25.8] 34,729 47.2
Faculty public universty retired or deceaser.......... 36 6.9 MaSEEr ..o 21,974 29.4 14,980 20.3
Postdoctorate or Program for Recent Graduate.... 29 5.6 Ph.D..covvee 18,526 24.8] 5,480 7.4
Investigator at a public research institute..............] 27 5.2 NOTE:  Data include faculty members of the 136 universities (public plus
OEr oo 10 1.9 private) and 786 colleges and upperlevel technical schools (139

Includes five highschool teachers, four private university professors, and one
industrial researcher.

SOURCE: Sub-Reitoria de Ensino para Graduados e Pesquisa (SR-2),
Universidade Federal do Rio de Janeiro, Rio de Janeiro, March 1998

The contrast in distribution between public and pri-
vate schoolsis aso observed among professors employed
a institutions of higher education. In 1996, a total of
148,320 faculty members were amost equally distributed
among public and private ingtitutions (table 7). However,
teachers employed at public ingtitutions are better quali-
fied than those at private universities. the percentage of
faculty members holding a master’s or Ph.D. degree is
two times higher at public ingtitutions. The discrepancy is
still greater if we take into account only faculty with a

public and 647 private).

SOURCE: INEP, Censo Educacional: Evolugao das Estatisticas do Ensino
Superior no Brasil 1980/1996. Brasilia: MEC/INEP/SEEC, 1997.

The growth in the number of graduate degrees
among university faculty is dso an indicator of employ-
ment trends for new graduates. From 1990 to 1996, this
number rose by 33.2 percent for master’s degrees and
41.7 percent for Ph.D.s (table 8). This increment is in
accordance with a strong governmental policy of stimu-
lating university faculty to obtain aPh.D. degree. Faculty
academic credentias are a magjor component in the cur-
rent evaluation of Brazilian universities and graduate
COurses.
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Table 8. Shifts in faculty credentials in Brazilian universities, 1990-96

1990 1996
. Percentage change
Credentials Number Percent Number Percent 1990-96
Total v 131,641 100 148,320 100

Undergraduate degree......... 45,352 345 33,370 22.5 -26.4
Specialization.............ccevve. 41,597 31.6 53,990 36.4 29.8
MaSEEr'S......ccvviiercrererereinns 27,753 21.1 36,954 24.9 33.2
Ph.D..oovvvricccccccvcin 16,939 12.9 24,006 16.2 41.7

SOURCE: INEP, Censo Educacional: Evolugao das Estatisticas do Ensino Superior no Brasil 1980/1996. Brasilia:

MEC/INEP/SEEC, 1997.

CONCLUSION

During the last 3 decades, the Brazilian scientific
and technological system has experienced significant
changes. In the 1960s, the National Program for Gradu-
ate Studies was established, representing an important
step toward structuring a nationa academic community.
In the 1970s and 1980s, graduate programs were estab-
lished throughout the country. A significant increase in
the quality and quantity of human resources engaged in
scientific and technologica activities has facilitated the
consolidation of a national infrastructure for research.
However, there are still many challenges to be faced.
These include:

* improving the efficiency of graduate programs
(decreasing the time taken to train aPh.D.),

* increasing the proportion of the population with
graduate degrees,

* increasing the participation of private universities
in R&D activities,

* decreasing therisk of brain drain, and

* expanding the job market for scientific and tech-
nologica activities.

Policiesthat respond adequately to these challenges
will depend on the engagement not only of the federal
government, but aso of the state and municipal govern-
mentsaswell asthe private sector. Improvementsin quality

and expansion of graduate programs will require an in-
crease in the number of academic positions offered by
research centersthroughout the country. The performance
of graduate students may be improved if more under-
graduates are given the opportunity of working under the
| C Fellowship Program. By working on research projects
a an early stage of their education, more talented stu-
dents will be attracted to pursue careers in science and
will dso enroll in graduate programs with skills aready
acquired, allowing them to conclude their studies more
rapidly. Another important issue to be consdered is the
role of master’s programs. Today, students are required
to complete a master’s degree in order to enroll in most
of the Brazilian Ph.D. programs. This requirement ex-
tends the amount of time and money spent on their edu-
cation.

Recent advancesin science and technology, together
with atrend toward a globalized market, have reinforced
the rel ationship between knowledge and economic gains.
Knowledge and creativity are highly valued by different
sectors, and science is increasingly significant to indus-
trial production. As a result, scientists in developed and
developing countries are positioned as central actors in
the struggle for economic growth (Schwartzman 1995,
Perez 1983, and Fransman and King 1984). In this con-
text, widespread public debate has reinforced the impor-
tance of training scientists for the challenges presented
by the new “information age.” Brazil has engaged in this
debate, focusing on the implementation of effective poli-
cies for educating scientists capable of responding to the
dynamic challenge of the global market.
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Appendix table 1. CNPq: allocation of resources, 1980-92 (US$000)

Fellowships Grants® Institutes Administration Other ” Total
42,252.3 23,166.3 26,233.9 40,598.9 4,243.2 136,494.6
46,567.7 21,8155 29,557.7 41,837.5 2,420.1 142,198.5
72,396.3 37,793.5 34,489.4 35,032.4 2,265.8 181,977.4
68,137.6 28,106.6 26,949.6| 28,769.8 3,194.6 155,158.2
61,400.8 21,521.1 23,092.8 37,682.4 5,034.5 148,731.6
88,153.1 41,517.0 33,1415 33,631.7 5,212.8 201,656.1
94,630.1 50,996.2 35,497.9 27,931.3 7,552.3 216,607.8

184,069.4 48,886.4 57,739.4 63,729.7 4,416.3 358,841.2
238,004.4 46,552.1 49,322.2 47,281.9 4,415.3 385,575.9
236,143.1 33,570.1 85,569.2 48,693.0 22,732.4 426,707.8
178,339.5 41,672.8 50,529.1 36,513.3 14,684.5 321,739.2
232,440.4 19,884.0 30,838.3 26,361.2 14,907.9 324,431.8
193,820.4 7,635.8 30,655.5 17,362.2 10,603.2 260,077.1

% Includes special projects.

b Includes debt service payments; fringe benefits to employees (for food, child care and, transportation); and salaries of personnel
temporarily allocated to other government agencies.
NOTE:  Figures were adjusted for inflation according to the General Price Index of Fundagdo Getdlio Vargas, and converted to dollars
according to the mean exchange rate for 1992.
SOURCE: Schwartzman, S. 1995. Science and Technology in Brazil: A New Policy for a Global World. IN S. Schwartzman er al., Science
and Technology in Brazil: A New Policy for a Global World. Rio de Janeiro: Fundac&o Getdlio Vargas.
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Appendix table 2. Months to obtain a degree in

UFRJ “A”-rated master’'s programs

Appendix table 3. Months to obtain a degree in

UFRJ “A”-rated Ph.D. programs

Program 1995 [ 1996 | 1997
AdMINISLrAtioN. ......coveererieeeieeeieinns 48 46 49
Biological Chemistry........cccccovuevevvevinennnn. 32 30 28
Biomedical engineering...........c.ccccovvvvevenee. 40 39 38
BIOPNYSICS.....oveeiiirieereee ] 42 41 35
Chemical engineering.... 40 33 31
Civil engineering........cevveveeerevnieererneined] 37 40 32
COMPULEN SCIBNCE....vvvvevevrrereriereeeneeerenend 40 36 41
Dentistry - Orthodontics...........cccoerivrnnnen. 33 R 30
Dermatology..........ccovvne. 37 45 44
Electrical engineering 42 30 29
Engineering (Production management)..... 46 42 33
GEOGrAPNY..cv v 46 43 43
HISLOMY...cooeciceec s 59 51 42
Information StUdIes..........ccereerveererreeenennens 47 35 40
LINQUISHC. ... 50 54 50
LItETature. ..o a7 43 49
MathematiCs........ccevevreereenrinieireneeneieeeennd 45 37 30
Mechanical engineering...........cccoeveereenenne 44 35 35
Metallurgy and material engineering.......... 45 36 35
Microbiology.......cccceveveveieieiiiiecienen, 41 37 35
Nuclear engineering 45 33 33
NUSING. v 32 25 21
Organic Chemistry........ccoeeveeniereinnns 45 39 39
Parasitology and infectious diseases........ 65 29 54
PhiloSOPhY.....c.cvvviviiiiiicc e 44 51 43
PRYSICS....ocvnevririnieisisisiseneee s 53 35 34
Regional and urban planning 49 58 50
Social anthropology..........ccceveeveereerienennes 43 45 28
Social welfare...........c.coooocvvevivivinnn.. 54 49 41

NOTE:

Ministry of Education, Coordination for the Improvement of

Higher Education Personnel (CAPES) indicators for 1995,

1996, and 1996 for “A"-rated master's programs, which were

the best qualified programs in the 1994-1995 evaluation.

SOURCE: Sub-Reitoria de Ensino para Graduados e Pesquisa (SR-2),
Universidade Federal do Rio de Janeiro, Rio de Janeiro.
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Program 1995 | 1996 | 1997
Biological Chemistry.........ccovvvvvinieneines 43 41 43
BIOPNYSICS.....cvieieeircreereeeee e 71 61 63
Chemical engineering.........ccoeeeeveveveverenan. 80 66 58
Civil engineering........eeeereerineneenieenienenns 78 57 67
Dermatology 63 49 54
Electrical engineering..........ccocevevevevevenennn. 63 64 90
LINQUISEIC. ...vvvevevevevevereteree e 66 58 53
LIterature.......oooveveeerecneneenisererssneins 70 59 73
Metallurgy and material engineering......... 72 73 64
MiICrobiology........cuvveveeereereereireeeneieee] 55 37 66
Nuclear engineering.........ccoeevvveerrnreerennn 118 58 58
NUISING....ovveviiirereieee e 38 37 33
OrthodontiCS.......cocveereeriereeenieerienes 83 - 40
Parasitology and infectious diseases........ 65 62 43
PhiloSOPhY.......cciviicieieeece s 65 52 45
Social anthropology..........coc.oveevievirinnn.. 64 65 43

KEY:
NOTE:

(-) = not applicable

Ministry of Education, Coordination for the Improvement of

Higher Education Personnel (CAPES) indicators for 1995,
1996, and 1997 for “A™-rated master's programs, which were
the best qualified programs in the 1994-1995 evaluation.

SOURCE: Sub-Reitoria de Ensino para Graduados e Pesquisa (SR-2),
Universidade Federal do Rio de Janeiro, Rio de Janeiro.



Appendix table 4. Annual enrollment in master’s programs in Brazil by field

Field 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Lo L 29,273 30,990 31,992 35727 37428 37,813 38414 41,084| 43121| 44,925
Natural sciences............... 3,432 3,577 3,634 3,956 4,175 3,847 4,015 4,223 4,487 4,492
Biological sciences.........., 2,078 2,255 2,103 2,426 2,516 2,772 2,780 3,153 3,286 3,445
Engineering........c.coeeveenee 3,921 5,005 5,109 5,657 5,998 6,618 6,278 6,779 7,197 7,335
Health sciences................ 3,684 3,913 3,715 4,501 4,797 4,963 5,195 5417 6,155 6,248
Agricultural sciences........ 2,475 2,893 3,107 3,302 3,437 3,532 3,685 4,102 3,936 4,099
Applied social sciences.... 5,720 4,778 5,562 6,054 6,044 5,895 6,086 6,255 6,451 7,033
Humanities. ........oevveeeen. 6,070 6,704 6,597 7,497 7,651 7,557 7,651 7,974 8,146 8,500
Language & linguistic....... 1,616 1,708 1,823 1,921 2,103 2,022 2,150 2,467 2,607 2,655
AItS .o 270 141 318 358 657 449 403 485 464 459
Multidisciplinary................ 7 16 24 55 50 158 171 229 392 659

NOTE:  Natural sciences include mathematics, statistics and probability, computer sciences, astronomy, physics, chemistry, earth sciences, and
oceanography; biological sciences include genetics, botany, zoology, ecology, morphology, physiology, biochemistry, biophysics, pharmacology,
immunology, microbiology, and parasitology; engineering include all fields of engineering; health sciences include medicine, dentistry, pharmacy,
nursing, nutrition, public health, phonoaudiology, physiotherapy, and physical education; agricultural sciences include agronomy, forestry,
agricultural engineering, zootechnology, veterinary medicine, fisheries, and food science and technology; applied social sciences include law,
economy, architecture and urban studies, urban and regional management, demography, information science, museum, communications,
social services, home economics, industrial design, and tourism; humanities include philosophy, sociology, anthropology, archeology, history,
geography, psychology, education, political science, and theology; and language & linguistics include linguistics, language, and arts.

SOURCE: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998.

Appendix table 5. Annual enroliment in Ph.D. programs in Brazil by field

Field 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
o) LS 7,960) 8345 9,148| 10496 12,095 13,764| 15556| 17,464| 19,492| 22,004
Natural sciences............... 1,452 1,309 1,562 1,804 2,053 2,249 2,632 2,828 3,162 3,290
Biological sciences........... 1,094 1,215 1,108 1,346 1,504 1,755 1,891 2,161 2,371 2,721
Engineering............ 1,074 1,159 1,242 1,435 1,758 24001 2512 2,739 3,278 3,550
Health sciences 1,236 1,370 1,287 1,689 1,846 2,097 2455 2,977 3,042] 3338
Agricultural sciences......... 577 545 730 858 820 1,211 1,307 1,730 1,829 2,012
Applied social sciences.... 984 797 1,048 1,170 1,285 1,174] 1,330 1,285 1,519 1,857
Humanities. ........cocevvenenns 955 1,356 1,404 1,468 1915 2,038 2,445 2,672 3,136 3,819
Language & linguistic.......| 516 594 659 648 727 796 957 928 964 1,175
AIES .o 72 0 108 78 187 a4 15 46 20 59
Multidisciplinary 0 0 0 0 0 0 12 98 171 183

NOTE:  Fields are defined as in appendix table 4.
SOURCE: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998.
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Appendix table 6. Master’s degrees awarded annually in Brazil, by field

Field 1087 1988 1989 1990 1991 1992 1993 1994 1995 1996
Total..cveeercreeccee e, 3,653 3,845] 4,597 5,452 6,799 7,380 7,554 7,627 8,982| 10,356
Natural sciences...............| 655 557 669 829 1,022 950 972 1,007 1,122 1233
Biological sciences..........., 346 372 432 440 607 644 673 678 808 947
Engineering...........coocovevne. 527 554 739 934 1,205 1,153 1,231 1,209 1,383 1,541
Health sciences................| 491 562 547 696 803 991 1,013 1,081 1,233 1,417
Agricultural sciences......... 492 526 674 707 937 882 953 922 1,154 1,300
Applied social sciences..... 427 389 494 586 698 890 874 823 934 1,090
Humanities...........ccccevevnee. 547 679 799 957 1,180 1,448 1,353 1,469 1,792 2,048
Language and linguistic..... 146 196 200 250 304 341 387 338 440 582
AMS..cviceiecsee e 22 10 43 51 40 65 75 70 89 106
Multidisciplinary 0 0 0 2 3 16 23 30 27 92

NOTE:  Fields are defined as in appendix table 4.
SOURCE: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998.

Appendix table 7. Ph.D. degrees awarded annually in Brazil, by field

Eield 1987 1088 1989 1990 1991 1992 1993 1994 1995 1996
Total.c.cveeeceeecee e 1,005 990] 1,139 1,410 1,750 1,759 1,875 2,081 2,497 2,972
Natural sciences 151 149 179 209 307 303 322 328 420 455
Biological sciences..........., 168 180 183 193 262 322 252 271 365 407
Enaineering..........ccvvevennes 111 81 116 138 205 171 244 254 304 417
Health sciences................| 166 239 220 335 385 324 352 380 489 612
Aaricultural sciences......... 81 102 113 131 127 145 169 197 244 311
Applied social sciences..... 71 55 92 111 152 129 145 188 192 185
Humanities.........ccoevevvevne. 124 118 154 186 233 266 279 262 341 435
Language and linguistic..... 55 66 69 74 74 84 95 138 128 143
AMS..ooiiiieesse e 5 0 13 11 5 15 16 7 9 4
Multidisciplinary................| 0 0 0 0 0 0 1 2 5 3

NOTE:  Fields are defined as in appendix table 4.
SOURCE: Ministry of Education, Coordination for the Improvement of Higher Education Personnel (CAPES), July 1998.
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GRADUATE EDpucaTION

IN TRADITIONAL CHILEAN

UNIVERSITIES. A HisToORICAL ANALYSIS

SergioH.
SUMMARY

Important changes have occurred in higher educa-
tion in Chile during the past 20 years. During thisperiod, a
variety of newly formed private universities have become
strong competitors of state-funded traditional universities
for undergraduate students. These newer ingtitutions are
quitedifferent in quality, focus, and history from the tradi-
tional universties. In the early eighties, traditional univer-
sties were forced to look for self-financing, and there-
fore had to compete with private universities for incom-
ing secondary education graduates. As aresult, graduate
education in the traditiona universities has not been able
to evolve as expected by taking advantage of the country’s
growing scientific research potential. Nevertheless, the
integrity of traditional universities, and their unquestion-
able historical strength in basic and applied research, has
alowed them to rapidly recover their place and use key
strategies to dowly reposition graduate education as one
of the main activities distinguishing the highly intellectua
Chilean society.

PrRELIMINARY REMARKS

In Chile, there are two educationa options follow-
ing completion of auniversity degree: postgrado, equiva-
lent to graduate education in the United States, with a
minimum requirement of a bachelor’s-type degree
(licenciado); and postitulo, which refersto professiona
education for jobs such as engineer, teacher, or lawyer.
Only the former quaifies a student for research activities.

| NTRODUCTION

Since the beginning of this century, dueto its homo-
geneous population, along-term sustained economic sta-
bility, a solid European-based cultura background, and a
strong democratic upbringing, Chile hasturned out to bea
natural leader in Latin America. Among other institutions,
its universities have had a crucid role in the structuring,
shaping, and strengthening of a highly efficient society,
maintained by qualified and competitive professionals.
Many of these professionals are world-renowned for their
accomplishments. Natural evolution and the need to in-
ternationalize academic activities in the early 1950s and

Marshall

1960s led seven of the most traditional Chilean universi-
ties to establish graduate programs in selected competi-
tive areas. These programs were mostly generated as a
means of optimizing internal potential as well asto better
serve an dways-demanding society. Globalization strate-
giesand international quality assessmentsalso led univer-
Sities to participate in ongoing mobility programs as well
as to establish their own programs.

The abrupt disruption of democracy in Chilein 1973
severdly fractured the academic community. Exile, com-
bined with central and imposed government control, dis-
rupted the freedom to speak openly and to organize aca-
demic activities within the universities. As a result, the
previous harmony in academic activities was threatened,
serioudy hampering the dynamics of day-to-day academic
life. Another consequence was that most academic |ead-
ers who remained in the country and in their universities
ended up sheltered in their own intellectua environments,
suffocated by stringent rules and nonparticipative poli-
cies. Thissituation led universitiesto become partidly iso-
lated from their socid and natura environment, resulting
in a diminished perception of the real needs of a fast-
changing society. For 17 years, the country wasforced to
function under a defined set of general rules and prin-
cipleswherein intellectual pursuits were not a priority. In
the meantime, a well-organized economy created a new
generation of youth who cared more for materia things
and were unmotivated by the more transcendental as-
pects of life. These historical developments had a clear
impact on university life in Chile and especidly on the
evolution of graduate education.

FroMm TRADITIONAL TO PRIVATE

UNIVERSITIES IN CHILE

Up to 1980, higher education in Chile was repre-
sented by eight traditional universities (table 1 and figure
1) with 118,000 students (for comparison, note that, in
1955, this number was 11,000). These students were
mostly undergraduates, and a significant percentage of
the university budgets were provided by the state. Under
the military regime, a new law was established that re-
stricted state funding for traditiona universities. The new
scenario created an dmost immediate imbaance in the
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Chilean higher education system, with an emphasis on
undergraduate, rather than graduate, education. Thelogic
behind this strategy was that universities should become
self-sustaining from an economic point of view and there-
fore mainly focused on highly qualified undergraduate
formation. As aresult, an overwhelming number of new
private ingtitutions were created; these developed aca
demic programs primarily oriented to the most attractive
and competitive professional careers, and had a “black-
board and chalk” basis—i.e., oriented toward careersthat
did not require laboratories, specid facilities, or any type
of previous scientific research.

At present, there are around 250 ingtitutions of higher
education in Chile distributed as follows: 67 universities
(25traditiona, 42 new private); 70 professonal ingtitutes;
and over 118 technological centers. In dl, these have a
total of 370,000 officidly registered students, of whom
266,000 are university undergraduates (Frei 1998). Al-
most all of the faculty members associated with these
newborn organizations were, and ill are, distinguished
professors from classical traditional universities hired on
a part-time basis for teaching purposes.

When democracy was reinstated in Chile in March
1990, traditional state-funded universities still maintained

Table 1. Chile's traditional universities and their 1997 graduate activities

University

Year of foundation

Universidad de Chile.........c.covvvveninineninnnns
Pontificia Universidad Catdlica de Chile...........,
Universidad de Concepeion.............ccvvvevrvnnes
Universidad Técnica Federico Santa Maria......
Universidad Catdlica de Valparaiso................
Universidad de Santiago de Chile
Universidad Austral de Chile...........ccccocvvreunennns
Universidad Catolica del Norte...........cooocoeeeee.

1926
1928
1947
1954
1956

Doctorate programs| Master's programs | Postitulo programs

60 226 226

1622 17 109 33
1888 13 28 27
1919 14 37 52
2 11 20

4 16 13

5 14 18

5 45

0 4 18

SOURCE: Information from individual university Internet (web sites).

Figure 1. Chile's traditional universities and their 1997 graduate activities
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their dignity and their standards although their structure
was notorioudy weakened. The latter was reflected in a
less committed, over-middle-aged faculty, and the abso-
lute absence of new faculty positions. Moreover, the new
1980 law stated that the best-ranked 27,500 students ap-
plying for university enrollment each year would receive
asgnificant subsidy from the state. Thissituation occurred
under atight budget, and led traditional universities—be-
sides competing among themselves—to design yearly
changing, aggressive strategies for survival as a means
of overcoming the uneven competition from private uni-
versities for incoming undergraduate students. Thus, the
country was not prepared for significant development of
graduate training since this smply could not be a priority
for traditional universities outnumbered by their private
counterparts.

ACTUAL STRUCTURE AND
ORGANIZATION OF TRADITIONAL
UNIVERSITIES IN CHILE

At present, there are 25 traditional universities in
Chile, out of 68 universitiesin dl; these are scattered over
the 12 administrative regions of the country plus the met-
ropolitan region that comprisesthe country’ s capitd. Most
of these univerdities are concentrated in Santiago, the
capital city, andin RegionsV and VIl (table 2). All tradi-
tional universities havein common—to acertain extent—
some kind of state support; in contrast, private universi-
ties do not. The origind eight traditiona universities ill
exigt, and al of them have active graduate programs (table
1). Due to the complexity of branch distributions across
regions of some of the origina universities and the new
economic scenario faced by universities in the middle to
late 1980s, most regiona branches have become autono-
mous and have acquired new names; nonetheless, they
continue to be state-funded just like their progenitors.
Something similar happened in the early 1990sto regiona
branches of Universidad Catolica de Chile, the second
most important university in the country. This university,
although dependent on the Catholic Church (like
Universdad Catolica de Vaparaiso), still receives mar-
gina funding from the state.

The 25 traditiona universities are affiliated with the
Consgo de Rectores (C.R.), or Council of Rectors, which
comprises the rectors of these universities, which are of -
ficidly recognized by the state; the council is headed by
the minister of Education. Besides the rectors, the coun-
cil has ageneral secretary who is nominated by the min-

ister of Education and who administers the council’s ac-
tivities. The head of the Department of Higher Education
of the Ministry of Education a so attends the council ses-
sions as a permanent guest. In the minister’s absence,
the council isheaded by therector of Universidad de Chile,
the first established and strongest university in the coun-
try. Foreseeing the need to strengthen graduate activities,
the council has, since 1991, had an advisory committee
on graduate affairs comprised of al graduate program
directorsfrom the 25 member universities. Itsobjectiveis
to keep this activity alive within these universities and to
set quality standards for dl programs so they might be
recognized internationdly. Within this committee, thereis
an executive commission, composed of al seven univer-
sity members offering doctorate programs, most of which
are accredited by international standards (table 3 and fig-
ure 2). At present, this commission is headed by the au-
thor of this paper.

GRADUATE ACTIVITIES IN

TraDITIONAL UNIVERSITIES

Most C.R. university members offer some kind of
graduate programs, athough the greast majority promote
master’s over doctorate degree programs. Nonethel ess,
as away to promote and maintain regular graduate ac-
tivities—by themsdves expensve—most universitieshave
developed postitulos, in which a certificate is granted
after 1to 2 yearsof advanced speciaization courses. Ina
postitulo, no research or thesiswork isrequired for gradu-
ation, and the program is mainly oriented to competitive
professiona s who need to be updated in specific areas of
knowledge. Because of their orientation, these programs
have a high tuition fee and have become an efficient way
to relate to the national productive sector. They have also
become an efficient aternative for traditiona universities
to provide financia support for other academic activities,
among them graduate programs. Tables 4, 5, and 6 show
the official registration for doctorate, master’s, and

postitulo programs, respectively.

Itisclear that the seven leading universitiesinterms
of granting doctorates are al so the oneswith solid master’s
and postitulo programs. With the exception of Universidad
Catolica dedl Norte—one of the eight originals—and its
postitulo programs (table 6), most activity isconcentrated
in Santiago and two or three other regions. No doctorate
programs are available at any of the private universities,
and only a few private universities have MBA-type
master’ s programs—these number fewer than 10 at any
one university.
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able ota dergraduate and graduate enrollme aditiona e
University/Region Total | Il Il 1V \ VIl VIl IX X X XIl RM
TOtAl e 184,282 7,418| 12,553| 3,432 6,974 23,181 7,338 27,703| 9,475| 13,057 0| 2,343| 70,808
Univ. de Chile.......cccoervrrrinrins 21,910 0 0 0 0 0 0 0 0 0 0 0] 21,910
P.Univ. Catélica de Chile............ 15,821 0 0 0 0 0 0 0| 184 0 0 0] 15,637
Univ. de Concepcion.... 15,124 0 0 0 0 0 0] 15,124 0 0 0 0 0
Univ.Catdlica Valparaiso............ 8,689 0 0 0 0] 8,689 0 0 0 0 0 0 0
Univ. T.F. Santa Marfa............... 8,218 0 0 0 0| 6,028 0] 1,708 0 0 0 0 482
Univ. Santiago de Chile............. 18,295 0 0 0 0 0 0 0 0 0 0 0] 18,295
Univ. Austral de Chile................, 9,698 0 0 0 0 0 0 0 0] 9,698 0 0 0
Univ. Catélica del Norte............. 8,592 0 7,203 0] 1,389 0 0 0 0 0 0 0 0
Univ. de Valparaiso..................., 4,920 0 0 0 0] 4,920 0 0 0 0 0 0 0
Univ. de Antofagasta... 5,350 0 5,350 0 0 0 0 0 0 0 0 0 0
Univ. de la Serena.........c.c.cc.... 5,585 0 0 0 5,585 0 0 0 0 0 0 0 0
Univ. del Bio Bi0.........cvveneereenns 7,779 0 0 0 0 0 0| 7,779 0 0 0 0 0
Univ. de la Frontera.................... 6,892 0 0 0 0 0 0 0| 6,892 0 0 0 0
Univ. de Magallanes................| 2,343 0 0 0 0 0 0 0 0 0 0f 2,343 0
Univ. de Talca.......cooocrvvveririns 0 0 0 0 0 0 0 0 0 0 0 0 0
Univ. de Atacama............ccoeeveen. 7,204 0 0] 3432 0 0] 3,772 0 0 0 0 0 0
Univ. de Tarapaca.... 5,098] 5,098 0 0 0 0 0 0 0 0 0 0 0
Univ. Arturo Prat........ccccoevenennens 2,350] 2,320 0 0 0 0 0 0 30 0 0 0 0
Univ.Metrop.Cs.de la Ed............. 6,549 0 0 0 0 0 0 0 0 0 0 0] 6,549
U.P.Ancha Cs. de la Ed.............. 3,544 0 0 0 0| 3,544 0 0 0 0 0 0 0
U. Tecnol. Metropolitana............ 7,935 0 0 0 0 0 0 0 0 0 0 0] 7935
Univ. de Los Lagos........cccccvuuen.) 3,359 0 0 0 0 0 0 0 0f 3,359 0 0 0
Univ. Catélica del Maule..... 3,566 0 0 0 0 0] 3,566 0 0 0 0 0 0
Univ. Catélica de Temuco... 2,369 0 0 0 0 0 0 0| 2,369 0 0 0 0
Univ. Catolica S.Concepc........... 3,092 0 0 0 0 0 0f 3,092 0 0 0 0 0
Percentage distribution..................] 100.00 4.03] 6.81] 1.86[ 3.78] 12.58] 3.98] 15.03] 5.14] 7.09( 0.00f 1.27] 38.42

KEY:

Table 3. Doctorate enrollment in 1997

RM = metropolitan region (Santiago)
SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).

First year registration|  Total registration

University Total Female Total | Female
TOtAL v 241 88 807 305
Universidad de Chile.........cccocoevvveeinicnennnn, 115 47, 322 125
P. Universidad Catélica de Chile.................... 74 20 197 58
Universidad de Concepcion..........ccoovvvevevrnnnas 35 17 165 66
Universidad Catdlica de Valparaiso................ 4 1 29 19
Universidad T. F. Santa Maria..........c...ccoeune. 3 0 6 0
Universidad de Santiago de Chile................... 5 1 62 21
Universidad Austral de Chile 5 2 26 16

SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario

Estadistico (Santiago, Chile, 1997).
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Figure 2. Doctorate enrollment in 1997
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SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).
able 4. Total doctorate enro ent by reglo 99
University/ Region Total | I 1} \Y Vv Vi VI Vil IX X X Xl RM
TOtAL o 807 0 0 0 0 35 0 0 165 0 26 0 0 581
Univ. de Chile.........cccoevvvrerrrrnnne. 322 0 0 0 0 0 0 0 0 0 0 0 322
P.Univ. Catélica de Chile.........., 197 0 0 0 0 q 0 0 0 0 0 of 197
Univ. de Concepeion.................. 165 0 0 0 0 0 0 0] 165 0 0 0 0 0
Univ.Catdlica Valparaiso 29 9 0 0 o 29 q 0 0 0 0 0 0 0
Univ. T.F. Santa Marfa.............. 6 0 0 0 0 6 q 0 0 0 0 0 0 0
Univ. Santiago de Chile............. 62 L 0 0 0 q 0 0 0 0 0 0 62
Univ. Austral de Chile................ 26 L 0 0 0 0 q 0 0 0 26 0 0 0
Percentage distribution.................. 100.0 0.0 0.0 0.0j 0.0 4.3 0.0 0.0 204 0.0 3.2 0.0 0.0 720

KEY: RM = metropolitan region (Santiago)
SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).

227



Figure 3. Total doctorate enroliment by region, 1997
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SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).
able Ola asSle 0 D
University/Region Total | Il [\ V Vi Vil X Xl Xl RM
TOtAl e 5442 133 57| 47| 236] 510 0 0| 547| 245 322 ol 22| 3,323
Universidad de Chile...........cccocovrvreieieinnns 1,578 0 0 0 0 0 0 0 0 0 0 0 1,578
P. Universidad Catdlica de Chile.... 841 0 0 0 0 0 0 0 0 0 0 0 841
Universidad de Concepcion..............c.c....... 547 0 0 0 0 0 0| 547 0 0 0 0 0
Universidad Catdlica de Valparaiso............ 147 0 0 0 o 147 0 0 0 0 0 0 0 0
Universidad T. F. Santa Maria........ 91 0 0 0 0 91 0 0 0 0 0 0 0 0
Universidad de Santiago de Chile............... 312 0 0 0 0 0 0 0 0 0 0 0 0 312
Universidad Austral de Chile.............ccc...... 316 0 0 0 0 0 0 0 0 0 316 0 0 0
Universidad Catélica del Norte................... 75 0 57 0 18 0 0 0 0 0 0 0 0 0
Universidad de Valparaiso..............ccco..... 73 0 0 0 q 73 0 0 0 0 0 0 0 0
Universidad de la Serena.............cccovveuenn 218 0 0 0 218 0 0 0 0 0 0 0 0 0
Universidad de la Frontera............c.ocev... 245 0 0 0 0 0 0 0 0| 245 0 0 0 0
Universidad de Magallanes.............c.co...... 22 0 0 0 0 0 0 0 0 0 0 of 22 0
Universidad de Atacama...........ccoevveeeeeec 47 0 0 47 0 0 0 0 0 0 0 0 0 0
Universidad de Tarapac..........ccccocevvvnnan, 133] 133 0 0 0 0 0 0 0 0 0 0 0 0
U. Metropolitana de Cs. De la Ed...............] 592 0 0 0 0 0 0 0 0 0 0 0 0 592
U. De Playa Ancha Cs. De la Ed................ 199 0 0 0 o 199 0 0 0 0 0 0 0 0
Universidad de 10S Lagos...........ccovrvveeennns 6 0 0 0 0 0 0 0 6 0 0 0
Percentage distribution................cccoccvvennnes 100.0] 2.4 1.0 431 9.4 0.0 0.0 10.1 b 5.9 0.0 0.4 61.1

KEY:

RM = metropolitan region (Santiago)

SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).
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apble 6. Total po 0 enro ent by reglo 99
University/Region Total | || Il 1V V \ii \ill VIl |X X Xl Xl RM
TOtAl. e 10,001 175 2,644 97| 117| 1,084 50| 572| 1,188 280 936 0 0| 2,948
Universidad de Chile.........cccccovvrrireiennc 1,019 0 0 0 0 0 0 0 0 0 0 0 0f 1,019
P. Universidad Catdlica de Chile...........] 871 0 0 0 0 0 0 0 70 0 0 0 801
Universidad de Concepcion.................... 511 0 0 0 0 0 0f 511 0 0 0 0 0
Universidad Catélica de Valparaiso.......| 415 0 0 0 0 415 0 0 0 0 0 0 0 0
Universidad T. F. Santa Marfa...............| 1,127 0 0 0 of 459 50 of 159 0 0 0 0 459
Universidad de Santiago de Chile........... 365 0 0 0 0 0 0 0 0 0 0 0 0 365
Universidad Austral de Chile.................. 745 0 0 0 0 0 0 0 0 0 745 0 0 0
Universidad Catélica del Norte............... 2,687 0f 2,644 0 43 0 0 0 0 0 0 0 0 0
Universidad de Valparaiso.....................] 136 0 0 0 0f 136 0 0 0 0 0 0 0 0
Universidad de la Serena..........ccccc....... 74 0 0 0 74 0 0 0 0 0 0 0 0 0
Universidad de la Frontera.................... 210 0 0 0 0 0 0 0 0of 210 0 0 0 0
Universidad de Atacama 97 0 0 97 0 0 0 0 0 0 0 0 0 0
Universidad de Tarapaca. 175 175 0 0 0 0 0 0 0 0 0 0 0 0
U. Metropolitana de Cs. De la Ed........... 304 0 0 0 0 0 0 0 0 0 0 0 0 304
U. De Playa Ancha Cs. De la Ed.. 74 0 0 0 0 74 0 0 0 0 0 0 0 0
Universidad de l0s Lagos..........cccceuve... 191 0 0 0 0 0 0 0 0 0o 191 0 0 0
Universidad Catélica del Maule.............. 572 0 0 0 0 0 0 572 0 0 0 0 0 0
Universidad Catdlica S. Concepcidn...... 518 0 0 0 0 0 0 0f 518 0 0 0 0 0
Percentage distribution........c.cocoiiiienee. 100.00  1.7] 26.2 1.00 1.2 107 0.5 57 118 238 9.3 0.0 0.00 29.2

KEY: RM = metropolitan region (Santiago)

SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).

Thereare significant differencesamong the 25 C.R.
member universities in their experience in graduate edu-
cation activities. Graduate activity in Chile constitutes a
natural heritage of traditional universities. Out of the 25, 7
universities offer doctorate programs, 17 offer master’s
programs, and 18 offer postitulo programs (tables1, 3, 4,
5, and 6). Most programs show a reasonable degree of
efficiency, as measured by the number of graduates in
each type of program. Table 7 shows the 1997 official
data for graduation in doctorate programs. Table 8 does
the same for master’s programs. When comparing the
number of candidates in doctorate programs (table 3)
against the number of graduates (table 7), the yearly av-

erage graduation is 5 to 10 percent of al enrolled stu-
dents. As expected, the average graduation frequency
for master’s programs (tables 5 and 8) is much higher,
reaching levels up to 20 percent per year.

The core of qualified graduate programsliesin tra-
ditiona universities, which are outnumbered by their pri-
vate counterparts. Internationally competitive graduate
programs occur amost exclusively at the doctorate level.
Only 7 of Chile's 68 universties participate at this leve,
offering 60 different programs, most of which are fully
accredited either nationally or—in afew cases—interna-
tiondly. College-levd activity in dl traditiona universities

Table 7. Total doctorate degrees granted, 1997

University/Area Total] Agronomy | Art m?:g:ﬁg;izs scsigr?icé:s Law | Humanities| Education | Technology | Health
TOtAL e 57 0 0 45 0 0 1 3 0 8
Universidad de Chile...........cccocovevvnnnnd 26 0 0 18 a 0 0 0 0 8
P. Universidad Catdlica de Chile...........| 12 0 0 8 0 0 1 3 0 0
Universidad de Concepcion 7 0 0 7 0 0 0 0 0 0
Universidad Catélica de Valparaiso......., 4 0 0 4 " 0 0 0 0 0
Universidad de Santiago de Chile........... 2 0 0 2 0 0 0 0 0 0
Universidad Austral de Chile.................. 6 0 0 6 0 0 0 0 0 0
Percentage distribution..................ccc......... 100.0 0.0] 0.0 78.9 0.00 0.0 1.8 5.3 0.0 14.0

SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).

229



Table 8. Total master's degrees granted, 1997

University/Area Total | Agronomy | Art mSafLZnn:‘:;i:s SEZS;IS Law | Humanities | Education | Technology| Health
TOtAL e 648 35 5 95 197 4 59 134 76 43
Universidad de Chile..........ccccocovvvvnrennn) 201 14 3 29 67 0 20 4 24 40
P. Universidad Catdlica de Chile............| 173 14 2 9 98 4 10 8 28 0
Universidad de Concepcion..................... 53 1 0 19 6 0 8 8 8 3
Universidad Catélica de Valparaiso......... 18 0 0 7 0 0 5 4 2 0
Universidad T. F. Santa Maria................. 13 0 0 2 0 0 0 0 11 0
Universidad de Santiago de Chile............ 31 0 0 2 14 0 11 1 3 0
Universidad Austral de Chile................... 36 5 0 22 7 0 2 0 0 0
Universidad Catdlica del Norte................ 5 0 0 5 0 0 0 0 0 0
Universidad de la Serena...........c.coeene. 51 1 0 0 0 0 0 50 0 0
Universidad de la Frontera...................... 5 0 0 0 5 0 0 0 0 0
Universidad de Magallanes..................... 2 0 0 0 0 0 0 2 0 0
Universidad de Tarapac..........cccoeeeunnc 22 0 0 0 0 0 0 22 0 0
U. Metropolitana de Cs. De la Ed............ 29 0 0 0 0 0 2 27 0 0
U. De Playa Ancha Cs. De la Ed............. 6 0 0 0 0 0 1 5 0 0
Universidad de Antofagasta.............c....... 3 0 0 0 0 0 3 0 0
Percentage distribution........................... 100.0 5.4{ 0.8 14.7 30.4] 0.6 9.1 20.7 11.7 6.6

SOURCE: Consejo de Rectores de las Universidades Chilenas, Anuario Estadistico (Santiago, Chile, 1997).

has had to increase heavily in the last 10 years and has
been forced to perform at a level of high efficiency in
terms of graduates. This has not been the case for gradu-
ate education, which annually graduates 2 doctorate stu-
dents per million inhabitants, not counting those graduat-
ing abroad. Thisis quite alow figure when compared to
10in Brazil and 150 in the United States (Zumelzu 1997).

After thisrather somber evaluation, one might ques-
tion why such an evolution has occurred—and even won-
der how graduate activity has survived. The main an-
swer to both questions is that traditiond universities in
Chile know, and have known for along time, that without
graduate activity, a strong, complex university cannot
survive. In addition, Chile is very much aware that are-
duced scientific mass necessarily undermines the future
of science and, to alesser degree, technology; therefore,
it istheresponsbility of itsuniversitiesto generate, main-
tain, and renew the scientific and technically trained per-
sonnel sustaining the country. Certainly, graduate educa
tion is one of the pivotal instruments required to achieve
these objectives.

THE RESEARCH MISSION SUPPORTING

GRADUATE EDUCATION

Today, the organized body of knowledge that makes
it possible to understand the causes of verifiable phenom-
ena (science) and the application of knowledge to the
production of goods and services (technology) permeates
all sectorsand activities of society (Mayorga1997). There
aremany areasin which the spheres of science and tech-
nology and the socioeconomic development of any coun-
try overlap. Universities should act as interfaces to har-
monize the process, providing not only knowledge, but
also—and most importantly—the actors. In recent years,
asdiscussed previoudly, significant changesin the univer-
sity environment have affected the research-related mis-
sions of these ingtitutions and, as a consequence, their
approach to graduate education. In particular, universities
are becoming more diverse in structure and more ori-
ented toward economic and industrial needs, while cop-
ing with year-to-year higher college-level student enroll-
ment. On the other hand, government budgets to support
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traditional universities, aswell asthoserelated to research
and development (R&D), are increasing very dowly and
a a percentage not comparable to those of developed
countries. Table 9 shows the percentage of the gross do-
mestic product (GDP) invested in R&D in Chile starting
in 1965 and the estimated rate expected at the year 2000.

Table 9. Percentage of Chile's GDP

invested in R&D, 1965-2000

R&D expenditures
vear (Mil, 08 Dollars) | Pereent
1965, 0.02 0.32
1966....rccovereceeen, 0.02 0.35
1967, 0.03 0.41
1968.....ccieiiriirine 0.03 0.42
1969.....ciiiiiiiiine 0.03 0.39
1970 0.03 0.39
1971 0.05) 0.49
1972 0.06 0.51
1973 0.04 0.41
1974, 0.04 0.33
1975, e 27.00 0.37
1976, 39.29 0.40
1977 oo, 57.61 0.43
1978, 76.21 0.49
1979 82.56 0.40
1980...orseeereeeeenn, 107.59 0.39
198, 123.86 0.38
1982....ciiieiriie 108.91 0.45
1983...eieeere 96.20 0.49
1984.....coiiiiiiine 99.30 0.52
1985, 80.16 0.50
1986.....ccveiriiiiiiine 81.02 0.48
1987, 104.76 0.55
1988...ovoevereceee, 108.35 0.45
1989...oroeeeree e 131.01 0.47
1990.....cciiiiiiiine 161.95 0.53
199, 183.34 0.53
1992, 24858 0.58
1993.....re 286.82 0.63
1994 340.49 0.65
1995, 430.37 0.64
1996.....cccveerriririne 454.98 0.66
1997, 528.34 0.69
1998.....cciiiiiiiine 678.28 0.84
1999...oooeereeeee, 850.93 0.98
2000.........ooooceec. 1,005.04 1.09

SOURCE: Comision Nacional de Investigacion Cientifica y
Tecnoldgica (CONICYT), Santiago, Chile.

These data suggest that, in the near future,
sustainability of traditiona universities will become more
and more dependent upon the annual fees paid by under-
graduate students and, to alesser extent, upon any lateral
activities they could perform in the areas of applied re-
search, technical assistance, training courses or programs,
and knowledge and technology transfer to the productive
sectors of the economy. These trends undoubtedly raise
serious questions about how to ensure that universities
can continue to make their unique contribution to long-
term basic research—a pivota and unavoidable key com-
ponent supporting graduate activities inside established
universities. Unfortunately, these are considered unprof-
itable activities with high unit cost to achieve graduation
for asmall number of students, where external support is
limited and scholarships scarce. Therefore, traditional
Chilean universities, as elsewhere, must adapt to this re-
aity in largely positive ways, evolving toward new roles
and configurations to properly face the needs of the 21st
century. One example of this trend is the fact that, with
declining government support, there is an obvious need
not only to seek new sources of funds but also to estab-
lish anew basisfor that support. One appealing strategy
applied in Europe (OECD 1998), and which could be ap-
plicable in Chile, would be to change the nature of gov-
ernment funding to make it mission-oriented, contract-
based, and more dependent on output and performance
criteria. If applied, thiswould lead universitiesto perform
more short-term and market-oriented research.

FinaNcING R& D AcCTIVITIES:
CoMPETITIVE FUNDS FOR RESEARCH

It has been aready stated that research is essentia
in supporting qualified graduate programs, and vice versa
It is aso well known that, in order to do that, externa
funding isamust. Therefore, an indirect way to examine
the efficiency of graduate activity in a country isto ana
lyze the economic resources invested in R&D as a per-
centage of GDP (UNESCO 1993) and identify where
the research activity occurs. Thelow level of R& D fund-
ing helps explain the low level of graduate formation in
the country. Chile used only 0.7 percent of its GDP in
1994 in this area, compared with 0.8 percent in Argen-
tina, 0.9 percent in Brazil, and 2.77 percent in the United
States (Zumelzu 1997). The main reason for thisis that
most of the research performed in Chile occursin univer-
sties. Table 10 showsthat, for the last 15 years, on aver-
age, dmost 70 percent of al researchers work at uni-
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versities; this might be interpreted as meaning that the
productive sector is hot involved or not interested in de-
veloping itsown research potential. Table 11 further sug-
gests that this might be the case. Over 70 percent of
R&D done in the country is performed at universities,
mostly—but not exclusively—by graduates. Table 10 dso
showsthat theindustrial sector has anegligible participa
tion; in addition to universities, most market-oriented re-

Table 10. Total researchers at universities

Year Total in Chile Resgarchgrs in Pgrcen.tl at

universities universities
3,420 2,434 71.2
3,547 2,561 72.2
3,727 2,677 71.8
3,886 2,789 71.8
4,079 2,924 717
4,251 3,056 71.9
4,588 3,169 69.1
4,803 3,279 68.3
5115 3,389 66.3
5,421 3,609 66.6
5,628 3,710 65.9
5,860 3,942 67.3
6,028 4,029 66.8
6,223 4,168 67.0
6,388 4,356 68.2
6,619 4,583 69.2

SOURCES: Consejo de Rectores de las Universidades Chilenas, Anuario
Estadistico (Santiago, Chile, 1981 a 1996). Information
submitted directly by universities and institutes; Department of
Information, Comision Nacconal de Investigacion Centifica y
Tecnoldgica (CONICYT).

search is done at professiona ingtitutes supported by the
state where graduate training is not at all considered.

To do highly competitive and consistent research,
funding is fundamental; to get this funding appears to be
the sole responsibility of each researcher through state-
provided competitive funds. Since graduate programs
normally require an experimental thesis for graduation, it
is aso the responsibility of the research advisor to pro-
videtherequired financia support. Thisisindeed the case,
and can be inferred from figure 4, where the most rel-
evant state-provided competitive funds are summarized.
It can be clearly seen in the figure that the only direct
support for the devel opment of graduate education corre-
spondsto graduate student fellowships, representing alow
4 percent of thetotal. Thissupport isrestricted to accred-
ited programs. In the figure, Fondecyt is aresearch fund
that supports single principa investigators, Fondef, an
equivalent supporting ingitution, generaly supports uni-
versitiesin association with industries. Thus, the only redl
sources of money to carry out graduate work are indirect
and unstable, depending on researchers to provide them.

To understand these datain amore general context,
acloser analysis of the steady-state annual national bud-
get digtribution in the field might help. As an example, in
1997 the national R& D expense reached US$480 million.
From this lump sum, 70 percent (US$336 million) corre-
sponded to state expenditure, and 23 percent (US$110
million) to enterprise expenditure. Of the state expendi-
ture, 26 percent (US$87 million) was competitive funds,

Table 11. Graduate involvement in the national R&D system

Year Total Total graduates |  Universities P.rofe.s sional Industry Percent of

researchers institutes graduates
1981......ccve 3,420 2,314 2,239 75 none 67.6
1982......cciine. 3,547 2,408 2,325 83 none 67.8
1983....cciine 3,727 2,718 2,633 85 none 72.9
1984......cccvene 3,886 2,884 2,793 91 none 74.2
1985.....ccciieie 4,079 3,213 3,111 102 none 78.8
1986......ccccren 4,251 3,551 3,440 111 none 83.5
1987 4,588 3,667 3,541 126 none 79.9
1988......cccveee 4,803 3,631 3,484 131 16 75.6
1989......cccoeeu 5,115 3,833 3,677 137 19 74.9
1990......cccevenee. 5421 3,775 3,628 147 none 69.6
1991.....inan 5,628 3,815 3,661 154 none 67.8
1992......civena 5,860 3,869 3,692 177 none 66.0
1993....ciiin 6,028 3,884 3,692 192 none 64.4
1994.....ciiin 6,223 4,455 4,259 196 none 71.6
1995.....cciii 6,388 4,926 4,730 196 none 71.7
1996.........c....... 6,619 5,153 4,957 196 none 77.9

SOURCE: Comisién Nacional de Investigacion Cientifica y Tecnoldgica (CONICYT), Santiago, Chile.
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Figure 4. Competitive state funds available for higher education in Chile (via CONICYT)
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SOURCE: Comision Nacional de Investigacion Cientifica y Tecnoldgica (CONICYT), Santiago, Chile.

31 percent (US$104 million) was the state direct allow-
ance shared by the 25 traditional universities, and 17 per-
cent (US$57 million) wasthe direct subsidy the State pro-
vides for its technological institutes (Frel 1998 and
Santibafiez 1998). It is appropriate to say, at this point,
that the direct state allowance received by traditional uni-
versities is not evenly distributed; it varies widely based
on anumber of factors. Therefore, and as aready men-
tioned, a minimum amount of this fund goes to graduate
students—mainly as fellowships—and not in direct sup-
port of experimental research.

THE STUATION IN SCIENCE AND
ENGINEERING

Most graduate programs in traditional universities
deal with basic sciences and mathematicsrather than with
engineering. This may be one of the factors underlying
the weak relationship existing between universities and
the productive sector. Engineering isan activity that builds
on sciences, techniques, and artsto improve and diversify
the production of good and services, contributing in this
wal to societd satisfaction. The relationship of empirical
engineering with basic sciences to make up what is cur-

rently known as* engineering sciences’ isarather recent
phenomenon; therefore, the development of graduate ac-
tivities has naturally been delayed in relation to basic sci-
ences. Thisisthe situation in Chile, where the universe of
people and organizations devoted to research in thisfield
isnot very large nationwide. Fewer than 15 percent of al
graduate programs currently in progress in Chile corre-
spond to engineering and related areas. Table 12 shows
the distribution of scientists and engineersinvolved in re-
search in Chile, where engineers represent about 30 per-
cent of the total. The difference is even higher when the
andysis is limited soldly to universities. Table 13 shows
that, inthelast 15 years, the proportion of engineersamong
researchersat universities has declined from over 16 per-
cent to lessthan 14 percent. Thisisan evident sign of the
already discussed tendency of graduates to prefer the
private sector to universities.

Table 14 shows that the number of scientists and
engineers per 1,000 population has increased modestly
from 0.9in 1981 to 1.2 in 1996.

Although the representation of engineers in re-
search—and, as a consequence, in graduate activities—
islow, their efficiency might be high. To test this hypoth-
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Table 12. Scientists and engineers involved in research in Chile

Year Total number Scientists Engineers

of researchers Number Percent Number Percent
1981.....ccvierne. 3,420 2,369 64.3 1,051 30.7
1982......cvierne. 3,547 2,488 70.1 1,059 28.9
1983.....ceee. 3,727 2,632 10.9 1,095 29.4
1984......ccoevnn. 3,886 2,739 70.5 1,147 29.5
1985.....cccierine. 4,079 2,873 70.4 1,206 29.6
1986......cccccevnnne. 4,251 3,000 70.6 1,251 29.4
1987 4,588 3,174 69.2 1,414 30.8
1988.....ceeeerae. 4,803 3,222 67.1 1,581 329
1989......ccccevne. 5,115 3,427 67.0 1,688 33.0
1990.....cvirrinn 5,421 3,669 67.7 1,752 32.3
1991, 5,628 3,784 67.2 1,844 32.8
1992.....ne. 5,860 3,979 67.9 1,881 321
1993.....e. 6,028 4,055 67.9 1,973 32.8
199%......oennen. 6,223 4177 67.1 2,046 329
1995, 6,388 4,350 68.1 2,038 31.9
1996....ccciiene 6,619 4,552 71.3 2,067 31.2
NOTE: The engineers included here are those who perform research.

SOURCES: Consejo de Rectores de las Universidades Chilenas, Anuario
Estadistico (Santiago, Chile, 1981 a 1995); and Departamento
de Informacién y Departamento de Estudios, CONICYT, Chile.

Table 13. Percentages of scientists and engineers at universities

Year Total number Scientists Engineers
of researchers Number Percent Number Percent
1981....ciieriian, 2,434 2,035 83.6 399 16.4
1982 2,561 2,153 84.0 408 16.0
1983.....ccceiiaes 2,677 2,260 84.4 417 15.6
1984.......overin. 2,789 2,363 84.7 426 15.3
1985.....c.ceiiaes 2,924 2,489 85.1] 435 14.9
3,056 2,612 85.5 444 145
3,169 2,716 85.7 453 14.3
3,279 2,817 85.9 462 14.1
3,389 2,918 86.1] 471 13.9
3,609 3,117 86.4 493 13.7
3,710 3,206 86.4 504 13.6
3,942 3,406 86.4 536 13.6
4,029 3,472 86.2 558 13.8
4,168 3,589 86.1] 580 13.9
4,356 3,755 86.2 601 13.8
4583 3.960 86.4 623 13.6

SOURCES: Consejo de Rectores de las Universidades Chilenas, Anuario
Estadistico (Santiago, Chile, 1981 a 1995); and Departamento
de Informacién y Departamento de Estudios, CONICYT, Chile.
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Table 14. Total scientists and engineers per 1,000 population

Active population Scientists and
vear (Thoﬁsgnds) engineers Per/ 1,000
1981 3,815.1 3,420 0.90
1982. i, 3,897.4 3,547 0.91
1983, 4,127.3 3,727 0.90
1984 4,1745 3,886 0.93
1985 4,239.3 4,079 0.96
1986 4,346.9 4,251 0.98
1987 4,392.3 4,588 1.04
1988....cveeeens 4,551.6 4,803 1.06
1989, 4,674.6 5115 1.09
1990 4,728.6 5,421 1.15
1991, 4,794.1 5,628 1.17
1992, 4,990.4 5,860 1.17
1993, 5,219.3 6,028 1.16
1994, 5,299.5 6,223 1.17
1995. ..., 5,538.2 6,388 1.15
1996, 5,776.9 6,619 1.15

SOURCES: Instituto Nacional de Estadisticas, INE, Anuarios Estadisticos, afios: 1984 a 1994,
Santiago, Chile; Banco Central de Chile, Boletines Mensuales, afios: 1984 a 1996
Santiago, Chile; Consejo de Rectores, Anuarios Estadisticos, afios: 1982 a 1995;
and Departamento de Informacion y Departamento de Estudios, CONICYT, Chile.

esis, one reasonable way to analyze the productivity level
of engineering sciences and technology research in a
developing country like Chile would be to look into in-
dexed mainstream articles at the Institute of Scientific
Information (1S]) over adefined period of time (Zumelzu
1997).

Such an andysis alows one to quantify and evalu-
ate research activities in a given field, which indirectly
may be abasic reflection of graduate activities performed
in a given country. According to ISl data, the contribu-
tion of Latin American countriesto indexed scientific pub-
lications accountsfor only 1.3to 1.8 percent of theworld's
total; of this, Brazil, Argentina, Mexico, and Chile repre-
sent a solid 85 percent of Latin America’s contribution
(Appenzeller 1995). When considering the number of
publications per million inhabitants, Chile occupiesthefirst
place, followed by Argentina (Ayala 1995). In contrast,
L atin American engineering publications, when compared

to other disciplines, do not exceed 5 percent of the total,
of which Chile has the lowest impact (Krauskopf et a.
1995).

FINnAL REMARKS

This presentation updates as well as summarizes
the most relevant issues that have defined the state of
development of graduate education in Chile. Although its
standards remain high, graduate education has alow rep-
resentationin university lifein Chile. To increaseits promi-
nence as akey instrument for social and technical devel-
opment, stronger support from the state is required, in
close association with traditional universities and—hope-
fully—the private sector aswell. A 5-year state program
supported by the World Bank oriented to graduate edu-
cation is in the process of being implemented in Chile,
thus providing new reason for optimism.
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MEexico, CoLomBIA, AND VENEZUELA
Hebe Vesauri

MEexico

REceENT REFORMS AND TRENDS

In 1987, the National Council for Science and Tech-
nology (CONACY T) started asupport program in Mexico
for graduate courses that required al graduate programs
to provide data about their current state, curricula, enroll-
ment, graduates, teaching staff, etc. In addition, members
of an ad hoc eva uation committee visited each program.
Although only alimited number of programs responded to
thisinitiativeat firgt, public univerdties, together with edu-
cational authorities, did make an effort to increase the
number of responding graduate programs, 8 years later,
CONACYT had accredited 614 graduate programs. By
1996, however, thisnumber had dropped substantialy from
614 to 478 accredited graduate programs. This drop may
be explained in terms of a change in the evaluation crite-
riarecently applied by CONACY T and to the disappear-
ance of the“others’ category. With some upsand downs,
a group of 160 doctora programs (33.5 percent of the
accredited graduate programs) has been established that
competes with some high-level doctorates abroad. How-
ever, only asmall number of domestic doctora programs
have achieved such alevel of quaity. Among the doc-
toral programs, 18.8 percent are in the basic sciences,
and 16.9 percent are in engineering.

Table 1. Mexican graduate population by field of study,

1991-96

Field 1991|1992 1993 1994 {1995 | 1996

Lo Lt U 425| 453| 461) 574| 614 478
BasiC SCIENCES.......coevvvrerrirerrciines 46| 52 55| 64 74| 68
Natural SCIENCES........cvrvrereeririnees 32| 36| 31| 36 36| 29
Health. ..o, 34| 41| 43| 51 521 35
Earth SCIENCeS.......ocverevreereerirnnns 201 19| 17| 18 20| 18
Social SCIENCES......c.oveveerereirireinees 52| 59 70| 95| 107 103
Human & behavioral sciences....... 51| 52| 48| 67 69 45
Applied & engineering sciences..... 109 103 102 131f 135 97
Biological applied sciences............ 81| 91 95] 112{ 121] 83

SOURCE: National Council for Science and Technology (CONACYT)
<<http:/iwww.main.conacyt. mx1/>>, 1998.

In the Government Program of Science and Tech-
nology (Programa de Gobierno de Cienciay Tecnologia
1995-2000), the training of human resource professionals
was given priority, due to the insufficient quantity and
quality of those aready in the workforce. It was agreed
to support more strongly high-quality doctora programs
offered by Mexican ingtitutions through evaluation by
groups of prestigious academics and better fellowshipsto
the students enrolled in these programs, and by establish-
ing a postdoctoral fellowship program for those graduat-
ing from such programs. As aresult of continuous effort,
graduate enrollment grew 129.48 percent between 1987
and 1997, to a totd of 87,696 students. Adding to this
figure those who were abroad (data available for 1995-
96 indicate that there were 3,360 Mexican graduate stu-
dents abroad) yields atotal globa graduate population of
over 91,000. It is estimated that postgraduates represent
dightly over 1 percent of those new employees who join
the workforce each year.

Many a graduate program, even within the same
ingtitution, tends more to disintegration than to union, col-
laboration, and collective effort; moreover, they are often
centered in groups that are not highly productive, as re-
flected in times to degree completion. Perhaps the most
disturbing feature is the scant number of students with
few ingtructorsin somefidds. The smdl number of gradu-
ates produced in the different fields therefore comes as
no surprise; thisin turn results in very low growth of re-
search scientists and engineers.

A frequent complaint is the lack of connection be-
tween licenciatura and graduate programs, and between
teaching and research programs. Often, aninstitution hires
researchers with the aim of strengthening its teaching
through lecture-giving, rather than making it a requisite
part of the program that students spend awork period in
aresearch group. The old system of laboratory practices
is frequently preferred, athough some universities have
very well-furbished research labs, and excellent students
could undoubtedly be oriented toward the graduate level
and research.
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Table 2. Number of graduate programs accredited by field of knowledge in Mexico, 1991-97

Field 1991 1992 1993 1994 1995 1996-97
TOtAl e 425 453 463 574 614 NA
(D010 (0] L= TS 118 120 129 172 195 160
BasSiC SCIENCES.......cvvrrrririinrreirrininensd 25 30 30 35 41 38
Natural SCIENCES.......vveveererrrereireen] 21 23 18 19 19 15
HEalth. ... 21 26 28 33 31 21
Earth SCIENCES.......cvvrrreeeiieriercine 1 1 10 1 12 10
Social SCIENCES.......veveereirerrireienens 43 49 59 73 81 77
Human and behavioral sciences........ 32 37 32 45 46 29
Applied and engineering sciences...... 84 78 77 96 98 70
Biological applied sciences................ 60 69 70 82 84 58
MASEEI'S.....ocveriseesee e 297 323 324 394 412 318
BaSiC SCIENCES.......crvvrireeierireireininene] 25 30 30 35 41 38
Natural SCIENCES.......vvererreriereriena] 21 23 18 19 19 15
Health.......ceveeeeeee e 21 26 28 33 31 21
11 11 10 11 12 10
Social SCIENCES.....c.cvvvrreriererrereininrenas 43 49 59 73 81 77
Human and behavioral sciences........ 2 37 2 45 46 29
Applied and engineering sciences...... 84 78 77 96 98 70
Biological applied sciences................ 60 69 70 82 84 58
OthETS. ..o snees 10 10 10 8 7 NA
BasIC SCIENCES........vvverriereirerireirnen) 3 3 2 2 2 NA
Natural SCIENCES.......vvevreererrrereireen] 0 1 1 1 0 NA
HEalth. ... 0 0 0 0 0 NA
Earth SCIENCES........ccverrvrnercreene 1 0 0 0 0 NA
Social SCIENCES.......vevvrereirerrereirnens 1 2 2 2 2 NA
Human and behavioral sciences........ 10 0 0 0 0 NA
Applied and engineering sciences...... 4 3 3 3 3 NA
Biological applied sciences................ 1 1 1 0 0 NA

SOURCE: National Council for Science and Technology (CONACYT) <<http://www.main.conacyt.mx1/>>, 1998.

The government’s policy aims with regard to train-
ing high-level scientists and engineers include the fol-
lowing:

* toincrease the number of fellowships for gradu-
ate studies in Mexico and abroad,;

* tosupport training programsfor thelicenciaturas
teaching staff;

* to foster increased offerings of good-quality
licenciaturas;

* toaccderateimproved quality in domestic gradu-
ate programs—particularly, to stimulate the es-
tablishment and accreditation of high-level doc-
toral degrees comparable to those available in-
ternationally in the coming years; and

* to promote improved professond training in the
sciences and engineering.

LeVELS oF GRADUATE ENROLLMENT AND

DEeGREES IN MEXICO

Enrollment. The development of higher education
in Mexico is necessary to support research and improve
the training of teaching staff within higher education it-
sdf, aswdl asinfluencing the remaining levels and sub-
systems of education. At the present time, most higher
education teachers (about 80 percent) have only a first
degree (licenciatura), and the number of researchersin
this country of 90 million islessthan 10,000. If the figures
of the National System of Researchers (SNI) are taken
as a reliable indicator, the development of the scientific
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endeavor in Mexico—particularly in connection with train-
ing the future generation of scientists—rests upon alittle
over 5,000 peoplein SNI levelsl, I, and 111 (1997).

As far as graduate education is concerned, enroll-
ment is very low (87,696) relative to the licenciatura
(1,310,229) and normal education® (188,353) programs; it
represents only 5.85 percent of total higher education
enrollment in Mexico—thus indicating the need to give
priority to the growth of graduate education. Note, how-
ever, that graduate enrollment has more than doubled in
thelast 10 years, rising from about 38,200 in 1987 to about
87,700 in 1997. (See gppendix table 1.)

Although the proportion of students seeking educa
tion in science and technology in Mexico is not signifi-
cantly different from that of moreindustrialized countries,
the schooling rate of the age group is lower, because the
latter students have more extensive nonuniversity sectors
that provide shorter training of a more practical and vo-
cational nature—i.e., more students have a nonuniversity
education adequate to meet the conditions of the employ-
ment market. Qualified observers of the Mexican educa-
tional system notice aweak enrollment in training for work
and terminal secondary higher education,? which on the
whole comprises barely 3 percent and has lost its attrac-
tiveness since the 1980s (OECD 1997, p. 38). The mo-
ddlities of what in many countries is caled post-obliga
tory secondary education and in Mexico is known as
formacion media superior, its content, and its structure
help explain to alarge extent the evolution of the demand
for higher education. It is also at that level that many
countries offer broad possibilities for technica and pro-
fessonad training. It is for this reason that Organisation
for Economic Co-operation and Development (OECD)
examiners called attention to the need for observing the
extent to which these training programs coincide with those

Normal education, which involves the training of basic educa-
tion teachersin normal schools, isincluded here with higher education,
because the degree granted since 1984 isthat of licenciatura. However,
normal education hasits own identity intermsof curriculum, organiza-
tion, and ideology.

2Secondary education lasts 3 years and is offered to the 12- to
16-year-old population that has completed primary school. It is pro-
vided in the following modalities: (1) general secondary, which ac-
counts for the largest proportion of enrollment; (2) technical second-
ary, which smultaneously provides general education and terminal
training for productive activities in four fields: industry, agriculture,
fishing, and forestry; (3) secondary for workers, which is given a
specia times and sometimesin the workplace; and (4) telesecondary;,
created to give opportunity to inhabitants of small and isolated com-
munities.

of higher education. In Mexico, this educationa level has
traditionally had a preparatory function: many educational
ingtitutions depend directly upon higher education ingtitu-
tions. It thus seems advisable, when trying to get an over-
view of higher education and therole of graduate educa-
tion, not to disregard the complex structure and interl ock-
ing levels and subsystems.

Higher education in Mexico has a long history. It
has managed to educate an internationally recognized in-
tellectual and professiond elite, but the mean level of edu-
cation and professiona qualification continues to be very
modest. The organizationa framework within which the
Mexican system of higher education fulfillsitsfunction is
through the following programs and levels of study: (1)
the licenciatura levd, traditionally associated with pro-
fessond training; and (2) graduate studies, specificaly
speciaization certificates and master’s and doctoral de-
grees. To complete alicenciatura takesfrom 4 to 6 years,
specializations take 1 year, except for medical options;
master’s programs, 2 years after licenciatura; and doc-
toral studies from 2 to 3 years after the master’ s degree
or from 4 to 5 years after thelicenciatura. However, the
licenciatura or first degree often takes a considerably
longer period to be completed.

Asfar as the public sector is concerned, these lev-
els of study operate in a very complex politica and ad-
ministrative setting of ingtitutions of higher education de-
pendent on the federal and state governments. These, in
some cases, have to deal with the Secretariat of Public
Education (SEP); in others, with the Secretary of Finance
and Public Credit; and in till others, with the presidency.

Enrollment in Doctoral Programs. Growth at the
doctoral level has been remarkablein relative terms, with
a342.85 percent rise in the 10-year period under consid-
eration. During that same time, the master’s level grew
151.68 percent, and the speciaist’s degree level had an
increase of 66.15 percent. But the participation of the
population in doctoral programs continues to be minimal
(rising only from 1,400 to 6,200 in 10 yesars) relative to
that in master’s programs, which till have the bulk of
enrollment with 59,900 students, and specialist programs,
with 21,600. At the doctord level, the distribution of en-
rollment by field is relatively homogeneous: 26 percent
corresponds to the basic and natural sciences, 7 percent
to hedlth and applied biologica sciences, 26 percent to
socia and administrative sciences, 18 percent to educa
tion and humanities, and 16 percent to engineering and
technology. But only two disciplines had more than 500
students enrolled: biology (522) and educetion (668) in
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1997; physicsfollowed with 413, social science with 342,
chemistry with 291, agronomy with 270, and anthropol-
ogy and archaeology with 246. All other fields had mea-
ger populations of fewer than 100 students.

Figure 1. Doctorate student population

ogy, which had 16,923 studentsin 1997; followed by edu-
cation (10,455) and law (2,851); taxesand finances (2,425);
psychology (2,248); and economy and development
(2,109).

Figure 2. Master's student population in Mexico

by field of study in Mexico, 1997 (percent)
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SOURCE: Asociacion Nacional de Univeridades e Instituciones de
Educacion Superior (ANUIES). Anuario Estadistico,
1997.

Accepting the premise that the doctorate is the best
means to train researchers and advanced teachers, the
small number of Mexican doctora students both in the
country and abroad is clearly alimiting factor for the coun-
try. When looking at potential supply and demand given
the number of researchers in the SNI (5,000, excluding
candidates), with good planning, a greater number of
graduate students could attend than is the case at the
present time; thiswould raise the current figure by afac-
tor of three. Also, there are enough candidates who could
enroll in doctora programs—i.e., students newly gradu-
ated from master’ s programs—as well as teaching staff
who do not yet have a doctoral degree.

At the master’s level, enrollment is dominated by
the socia and administrative sciences, keeping the same
proportion as at thelicenciatura leve: i.e., gpproximatey
half thetotal enrollment. Therefollow inimportance edu-
cation and the humanities with 23 percent, engineering
and technology with 17 percent, and the basic and natural
sciences with 5 percent. The remaining fields (health and
agricultural sciences and technologies) have marginal
enrollments of 2 or 3 percent each. By far the most im-
pressive concentration is in anthropology and archaeol-

by field, 1997 (percent)
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SOURCE: Asociacion Nacional de Univeridades e Instituciones de
Educacion Superior (ANUIES). Anuario Estadistico, 1997.

Specidization studies are graduate studies carried
out after thelicenciatura which prepare studentsfor work
in a specific field of professional endeavor without con-
gtituting an academic degree. In 1997, 21,600 students
were enrolled in specidization programs, or 24.62 per-
cent of total graduate enrollment. At the specidist level,
most of the enrollment has historically been concentrated
in the health sciences, due to the fact that medicine and
dentistry professiona specializations are obtained through
this means. However, the proportion of enrollment cap-
tured by the health sciences and technologies at thislevel
has been decreasing. In 1985, it represented 80 percent
of total enrollment, compared to less than 70 percent in
1992; by 1997, only 57.3 percent of the total population
was at this level. This phenomenon may be explained by
the proliferation of specidist programs (generaly diploma
courses) inthe social and administrative sciences, inwhich
absolute enrollment had a threefold increase during the
period of reference; and, to alesser extent, by the growth
of certificates in education and in engineering and tech-
nology. In theremaining fields, enrollment has aso shown
an upward trend, athough with less intensity.
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Figure 3. National concentration of specialties:

student population by field and program in Mexico,
1997 (percent)
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Educacion Superior (ANUIES). Anuario Estadistico, 1997.

The SEPhasmadeared effort to decentralize higher
education. Whereas in 1970, over half the enrollment in
higher education waslocated in the Federd Didtrict (D.F.),
today this zone has only a fifth of nationd enrollment.
There continues, however, to be a significant concentra-
tion in the territoria distribution of graduate enrollment.
In 1985, over half the enrollment was concentrated in the
universities located in the capita city; by 1997, the D.F.
continued to have over 41 percent of total graduate en-
rollment, although a significant effort a decentralization
was aso noticeable. In 1985, three states still lacked
master’s programs (Aguascalientes, Chiapas, and
Quintana Roo); in 1992, only Quintana Roo was without
programs at this level. In that year, however, more than
80 percent of doctorates were awarded to individuasin
the D.F.

Along with the territoria distribution is an indtitu-
tional concentration, which includes outstanding names
suchasUNAM, which aone has 23.7 percent of al gradu-
ate enrollment in the country, as well as the Autonomous
Metropolitan University (UAM), the Iberoamerican Uni-
versity, and the National Polytechnic Ingtitute (IPN). Some
ingtitutions outside the Metropolitan Zone dso have large
concentrations of graduate students, particularly at the
master’s level. Among these are the University of
Guada gjara, the University of Nuevo Ledn, and the Tech-
nology and Advanced Studies Institute of Monterrey. Fi-

nally, there is a concentration of graduate studies and re-
search in the public sector, which accountsfor over three-
quarters of enrollment, and nearly 87 percent in specialist

and doctora programs.

Table 3. Main geographical concentrations of

Mexican graduate student population, 1997

State Number of Number of

enrollments graduates
o) 87,696 20,203
Specialization.......... 21,625 8,305
Federal District.... 11,192 3,988
Mexico......ceuvnue. 1,438 1777
JalisCo....ocovrennn 1,873 673
Puebla................. 660 341
Master's........ooveune 59,913 11,164
Federal District.... 15,669 3,050
Nuevo Leon......... 7,169 1,269
Puebla................ 4,425 815
Mexico........cou.e. 3,934 812
Doctorate................] 6,158 734
Federal District.... 3,665 503
Guanajuato.........] 342 35
MEXICO......cvorenen. 338 36
Jalisco................. 139 46

SOURCE: Asociacion Nacional de Univeridades e Instituciones de
Educacion Superior (ANUIES). Anuario Estadistico. Poblaci¢
escolar de posgrado. México, D.F.

Female participation grew very considerably be-
tween 1984 and 1996, dthough maes ill dominate in
some fields. Over this period, female enrollment went up
248.8 percent in master’ s programs and 325.7 percent in
doctoral programs, male enrollment grew 116.1 percent
at the master’s level and 381.9 percent at the doctoral
level—aclear reflection of the great expansion of studies
at this level (see appendix tables 2, 3, and 4). In 1997,
females accounted for 40 percent of enrollment in
master’s programs and in 34.42 percent in doctora pro-
grams.

Doctoral Degrees. The number of graduates of
doctoral programs has remained very low despite undeni-
able advances. In 1984, digtribution by degree was 3.69
percent doctora graduates (245 individuas), 54.86 per-
cent master’ sgraduates (3,640), and 41.43 percent gradu-
ates of specidist programs (2,749). In 1995, those pro-
portions showed little variation: 2.83 percent doctoral
graduates (519 individuals), 54.71 percent master’ sgradu-
ates (10,008), and 42.44 percent graduates of specidist
programs (7,764). By 1996, there was a recovery in the
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proportion of doctorates relative to the total graduating
population, increasing to 3.63 percent (734 doctorates);
graduates of master’s programs represented 55.25 per-
cent (11,164 persons) and from speciaist programs, 41.10
percent (8,305 individuas) (SEP-CONACYT 1997, p.
146, table 11.27; and ANUIES 1995 and 1997).

Thedidribution of doctoral graduatesby fieldin 1996
was as follows: over half (54 percent) corresponded to
the social and human sciences combined, 17 percent to
the basic and natural sciences, 14 percent to hedlth, 8
percent to engineering and technology, and 7 percent to
agricultural sciences and technologies. The most remark-
able change is the increment of doctoratesin the field of
hedlth, showing a 75 percent increase relative to 1995.
The agricultural sciences aso show a remarkable 140
percent increase in number of doctorate recipients, a-
though the absolute figures are small (48 individuds in
1996).

Asfar asgeographical distribution isconcerned, the
Federa District continuesto show an increasing concen-
tration in the number of graduates produced relative to

the rest of the country. In specidist programs, the propor-
tion rose from 19.60 percent of graduatesin the D.F. in
1984 to0 39.78 percent in 1995. At the doctora level, com-
pared to 59.59 percent of graduates in the D.F in 1984,
there were 64.54 percent in 1995. A reduction isobserved
only a the master's level: graduates in the D.F. com-
prised 35.41 percent in 1984 and had decreased to 26.15
percent by 1995. At a university like UNAM, between
1989 and 1996, the granting of degrees at the doctoral
level increased 69 percent (329 in 1997), with 31 percent
for master’s candidates (1,044) the same year. It isin-
triguing that the data collected for enrollment and degrees,
if correct, indicate that those pursuing adoctorate degree
in the D.F. are less likely to complete their degree than
those pursuing adoctorate outside the D.F. We do not yet
have an explanation for this.

On a cursory level, the number of researchers in
some disciplines—such as biology, medicine, and chemis-
try, with 973, 410, and 317 SNI researchers, respectively
in 1997-98—does not seem so scant. Differentiating by
subfield, however, reveals significant differences, with
some areas showing a potential for improvement and

Figure 4. Graduate degrees earned by Mexican citizens by level of study, 1986-96
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Figure 5. Doctoral graduates in Mexico

by field of knowledge, 1996
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growth (e.g., biochemistry and physiology); and others
having only a small number of researchers in the local
context and thus an apparently small potentia for growth
(e.g., biophysics among many others). These limitations
may affect the future development of new sciences and
technol ogies (Pefia 1995, pp.15-18). The sameauthor calls
atention in another work (1994, pp. 23-27) to alack of
students, particularly at the doctoral level. He argues that
scienceteaching is one of the weak pointsin the Mexican
educational system, and that one of the mechanisms for
attracting the young to research entails integrating them
a an early stage in groups that carry out research. Pefia
urgesincreased promotion of graduate programs, athough

he admitsthat, in the biologicd fields, there arefew places
that offer adequate features conducive to fostering re-
search.

Time to Degree. Termina efficiency—or timeto
degree—has improved over time. The efficiency of the
higher education system is calculated globally, correlating
enrollment in a given year with graduation from the insti-
tutions 5 years|later, which isthe average official duration
of undergraduate studies (licenciatura). Results obtained
from the number of graduatesin the 1990s give an aver-
age efficiency of dightly over 54 percent. This repre-
sents an improvement over vaues observed in the 1970s,
when the efficiency proportion hardly reached 45 per-
cent, and over the 1989-90 to 1993-94 period, when it
was 49 percent and showed marked variations by course
of sudy.

Improvements seem to have occurred especialy at
the doctora levd; thisisbasically attributed to the type of
program and support given to graduate students during
the period of thesis work. In a field like physics, which
hasbeen closdly followed by analystsfor thelast 10 years,
it is argued that the termina efficiency of the graduate
programsof the Center for Research and Advanced Stud-
ies (CINVESTAV) are the highest in the domestic con-
text. Figures for graduates in physics doctoral programs
in Mexico are given in table 4.

Among doctorate recipients from Mexico in the
United States, the average time from baccalaureate to
Ph.D. is 10.3 years, and the average registered time is
6.5 years, thislatter varies between 5.4 yearsin the com-
puter/information sciences to 6.8 years in the physica
sciences and psychology/socia sciences. (See appendix
table 6.)

Table 4. Graduates from Mexican doctoral programs in physics, 1986-95

_ *
institution | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1004 | 105 |AVE'A0E 199295 TE
(1981-95) percent
Total....coocvreieinnn, 12 14 21 20 21 27 25 20 30 39 34
UNAM.....cccoonrnee. 8 7 7 8 8 12 4 8 8 8(8) 38
CINVESTAV....... 2 2 4 3 6 6 6 4 7 6 (5) 86
CICESE.............| 2 3 4 3 2 3 6 6 4(3)
INAQE................ - 1 - - 1 1 1 1 4 2() 40
Others................ 2 2 7 5 6 9 4 6 6 14
KEY: (-) = not applicable
TE* = Terminal efficiency for the last three generations.
NOTE:  Average number of graduate students per institution in 1991-95 and 1986-95 (in parentheses), as well as average terminal

efficiency (percentage) for the three more recent generations.

SOURCE: Pérez, A., and V.G. Torrees. La disica mexicana en perspectiva. Interciencia 23(3): 163-75, 1998.
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Fellowships. A high-level gt&ff training policy ab-
sorbs significant amounts of money (10 percent of the
Mexican science and technology domestic expenditure).
The growth in recent years of the number of graduate
studentsislargely a conseguence of the support given by
the federal government to several fellowship programs.
In 1990-95, the fellowships granted by these programs
increased 190 percent; 24,845 fellowships were awarded
in 1995. Severd ingtitutions have important fellowship
programs, among them the SEP, CONACYT, UNAM,
and IPN.

The CONACYT program is the broadest fellow-
ship program in the country. It absorbs dmost half the
budget resources of the institution (46 percent in 1995)
and comprises 65 percent of all fellowships supported by
the federa government. In 1996, it supported 18,079 stu-
dents. Of these, 21 percent were individuals who went
abroad to study; theremaining 79 percent studied in Mexi-
can ingitutions. Of dl the fellowships, 12,479 (69 per-
cent) were for master’ s courses; 5,269 (29 percent) were
for doctoral degrees; and 331 (2 percent) supported other
studies. This program has grown more than fivetimesin
the last 5 years. (See appendix tables 7 and 8).

Table 5. Mexican graduate fellowships granted by administrative sector, 1989-95

Sector 1989 1990 1901 1992 1903 1094 1995/p
o) - 7,548 8,572 11,900 13,426 16,451 19,057 24,845
SAGAR.....ccovicree et - - - - - 800 1,240
SCT s 30 99 159 268 118 6 8
IMT o 30 93 155 264 114 0 0
IMC...oorvree e 0 6 4 4 4 6 8
1T ) - - - - - 50 61
SEPoe s 4,125 5,401 20,935 20,935 14,351 16,214 21,554
1,677 2,135 5,570 6,665 9,492 11,703 16,200
778 1,277 1,417 1,549 1,714 1,494 1,197
Sistema SEP-CONACYT.......| 86 94 147 232 260 564 751
INAH.... 128 206 297 248 262 n.d n.d
0 158 92 91 270 295 350
1,170 1,344 1,552 1,717 1,860 1,735 2,593
0 3 1 11 39 NA NA
- - - - - 107 147
196 184 422 422 454 316 316
- - - - - 613 760
20 24 31 19 19 138 156
Energia........ccocoevvreeinceieenns 3,358 2,947 2,203 1,959 1,844 402 380
HE . 369 464 466 504 394 273 239
IMP....oorrreeeceeeee e 2,840 2,405 1,588 1,295 1,321 129 141
ININ oo 149 78 149 160 129 0 0
PGR.....oovvrvieresseeee e 15 32 124 145 37 689 538
SHCP..oveeveees s - 69 84 100 82 145 148
Total amount (MN.P)..0oooveerievnnee. 41332 54,106 89.795 155,050 248,098 406,659 676.759

KEY: p/=preliminary figures
(-)= not applicable

NA= not available

SAGAR=Agriculture, Livestock & Water Resources Secretary

IMT= Mexican Transport Institute
Secofi= Commerce & Industrial Promotion
CONACYT=National Council for Science & Technology

Sistema SEP-CONACYT=SEP-CONACYT Research Centers

INAH= Anthropology & History National Institute
IPN=National Polytechnic Institute

Cinvestav=Research & Directorate of Technological Institutes

m.N.P.= thousands of new pesos

SOURCE: National Council for Science and Technology, (CONACYT) (n.d.).
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SCT= Transport & Communication

IMC= Mexican Communication Institute

SEP= Secretariat of Public Educat

ion

UNAM= National Autonomous University in Mexico

UNAM= Metropolitan Autonomus Univ.

UPN= National Pedagogic University

Salud y S.S.= Health & Social Security

Energia= Energy

[IE= Institute of Electrical Research
ININ= National Institute of Nuclear Research

SHCP= Finance & Public Credit

PGR= Office of the General Attomey of the Republic



Number of Graduate Fellowships

Figure 6. Mexican graduate fellowships administered by CONACYT, 1981-96.
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SOURCE: National Council of Science and Technology Studies (CONACYT), Mexico.
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Figure 7. Mexican graduate fellowships administered by CONACYT by study level (1982-96)
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Of the fellowships abroad, there is a large concen-
tration of studentsin the United States (49 percent), fol-
lowed by the United Kingdom (19 percent), and Spain
and France (12 and 11 percent, respectively).

Figure 8. Mexican distribution of fellowships abroad by

country of destination, 1997 (percent)
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SOURCE: National Council for Science and Technology (CONACYT)
<<http://www.main.conacyt.mx1/>>, 1998.
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When the program was established, the generd in-
tentionwasfor CONACY T to recover amajor portion of
thefunds. Thus, support was generally grantedin theform
of loans. The program was aso intended to track its re-
sults. Depending on the loan amount, loans may be either
al-inclusive or complementary; they also may be for
master’ s or doctoral degrees, or for postdoctoral fellow-
ships. For avariety of reasons, both the recovery of funds
and the follow-on tracking of graduates have been defi-
cient. Lack of loan repayments has severely restricted
the growth of funds intended for this end; aso, given the
limited tracking, the results of the support provided are
not known for certain. The program should increase its
coverage, improve its operational efficiency, and obtain
greater socia participation in funding. Experience has
shown that program expansion depends on ingtitutional
capacity to attract outside financial resources.

Data from the National Science Foundation (NSF)
on Mexican recipients of doctorates in the United States
providesinformation regarding severa aspects of the col-
lective behavior of this population. For example, it indi-
cates that 80.7 percent of this population are males, 65.6
percent are married, and the median age at Ph.D. is34.5

years. (See appendix table 6.) Almost half of the doctor-
ate recipients (46.9 percent) are supported by their own
families, particularly those in non-science and -engineer-
ing fields (65.7 percent). The category “personal sources
of support” includes a recipient’'s own earnings, family
support, and loans. Another 45 percent are supported by
a foreign government, which may be interpreted as the
Mexican government (i.e., official Mexican fellowship
programs including universities, teaching or research as-
sstantships, etc.). There is no equivaent information for
groups of Mexican individuals studying in other countries,
but some similarities can be presumed, except that teach-
ing or research assistantships seem to be more common
in the United States than elsewhere.

CONACYT has implemented actions to support
high-quality doctora programs in Mexico. For example,
in 1996, through the Program for the Strengthening of
Domestic Graduate Education, it supported 26 graduate
programs in higher education ingtitutions with the aim of
enlarging their infrastructure, documenting curriculum
portfolios, and/or hiring visiting professors for periods not
exceeding 1 year. The main recipients were El Colegio
de Mexico and CINVESTAV, which together received
35 percent of all actions approved and were geared mostly
to the social and exact sciences. Nevertheless, there are
still only afew high-quality graduate programs, and they
receive fewer gpplications for enrollment than ought to
be the case: many qudified students who could enroll in
them fail to do so, partly because they get better fellow-
ships to study abroad. Solving thiskind of problemisim-
portant because it would serve as an incentiveto improve
quality in domestic graduate education.

The degree qualifications of academic staff have
been improving, athough they are till quite insufficient
for both teachers and researchers. It is estimated that
only 2.5 percent of licenciatura teachers have a doc-
toral degree, while 56 percent have only alicenciatura.
In these figures, the considerable weight still exerted by
the number of teachers-by-the-hour (the eventuales)
becomes a heavy ingtitutional ballast, for it is difficult to
motivate staff to devote time and effort to professiona
devel opment when their employment condition is so frag-
ile. Thereisatrend to increase the proportion of perma-
nent positions (full-time and part-time dedi cation regimes)
to the detriment of those covered by eventuales teach-
ers. The current understanding of the problem isthat the
teacher-by-the-hour isdways an interesting figure to have
in an ingtitution when hoping to bring closer to the univer-
Sty domain people who have other employment, particu-
larly in industry or the services. Such employees, how-
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ever, should dwaysbeasmall proportion of thetota staff;
in Mexico, though, they constitute alarge proportion (over
60 percent). CONACYT hasinstituted a specia fellow-
ship program since 1991 to stimulate university teaching
staff to carry out post-licenciatura studies.

According to an influential viewpoint common in
research and development (R&D) circles, new teacher
positions should be reserved for persons holding adoctor-
ate or who have a master’s degree and are studying in a
doctora program. It is obvious that there is a real and
potential demand for master’ sand doctora programs. The
evolution of teaching and research staff quaificationsin
the field of physics in Mexican ingtitutions, on which de-
tailed quantitative data are available (figure 9), may be
taken toillustrate developmentsin somefields. But it must
aso be mentioned that U.S. universities have become
more attractive than ever for numerous familieswho send
their children to that country to continue or complete their
studies.

INTERNATIONAL MOBILITY OF STUDENTS
AND RESEARCHERS

Although theinternational relationships of the Mexi-
can scientific community have broadened, especialy with
the United States and Europe, a good portion of the sci-
entists and technologists are still at the margins of inter-
nationaization. Additiondly, high-level foreign scientists
and technol ogists do not come to Mexican ingtitutions and
research centersfor long periods. Mexican students who
go abroad to carry out undergraduate and graduate stud-
ies represent a modest proportion of total enrollment. In
amogt all cases, their stay is prolonged. Inversely, the
flow of foreign studentsto Mexican university ingtitutions
and research centersis scarce; in general, it isreduced to
brief periods.

According to the NSF statistical profile of Mexican
doctorate recipientsfor the 1988-96 period, 1,115 persons
were on temporary Visas versus 244 on permanent visas

Figure 9. Mexican teaching and

research staff in physics, 1987-96
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SOURCE: Pérez, A., and V.G. Torrees. La disica mexicana en perspect

iva. Interciencia 23(3): 163-75, 1998.
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in the United States. Of these, 518 planned to stay longer
inthe United States, 28.8 percent to carry out postdoctoral
studies; another 16.0 percent were seeking postdoctoral
study posts, and 33.6 percent were in definite employ-
ment or seeking employment (19.5 percent) (appendix
table 6).

According to another source (Noguera 1998),
Mexico occupies the third place among the countries that
export physicians, behind India and the Philippines; it is
the first in the world in exports of young physicians less
than 35 years old (31.5 percent), followed closdly by In-
dia (30 percent). Mexico is dso first in exporting U.S.
physicians newly graduated from Mexican medical fac-
ulties who return to their country to carry out well-remu-
nerated medical specidties, after having completed their
professional medical studiesin Mexico at very low cost.
The same source estimatesthat 7 out of 10 Mexican phy-
scianswho arein the United Stateswill stay permanently
in that country. Therefore, the effort to repatriate young
physicians is not an exclusive responsibility of the
government’ s support programs for scientists.

International mobility is supported by fellowships
funded by a number of bilateral and other cooperation
mechanisms. They can be by agreement with founda
tions and governments, by open demand in agreement
with universities, or in programs without subsidy. Fellow-
ship amounts and conditions depend on the benefits that
third governments, foundations, or other institutions may
chooseto grant. For example, for the year 1999, the num-
ber of loans offered in open demand without subsidy is
583 (thisfigureincludesthe offer of universitiesthat have
agreements with third-country ingtitutions).

Among the fellowships that are made available by
these cooperation mechanisms, the following may be
mentioned in connection with CONACY T: with the United
States, there is the Fulbright-Garcia Robles program for
master’ s and doctorate degrees, consisting of 80 fellow-
shipsfor engineering and natural and exact sciences, and
40 fellowshipsfor social sciences, including the following
disciplines: economics, education, sociology, philosophy,
political science, anthropol ogy, linguistics, and psychology.
With Great Britain, within the framework of the Anglo-
Mexican Exchange Program (British Council), atotal of
10 master’ s and doctoral fellowships are offered in 1999
for studiesin environment, agricultura sciences and fish-
eries, aguaculture, biotechnology, food science, and elec-
trical and mechanica engineering. The same exchange
program (British Embassy) offersfivefellowshipsin eco-

nomics, internationa relations, public administration and
planning, business administration, and politicd scienceand
law. France offers a tota of 40 doctora fellowships in
civil engineering, chemica engineering, chemigtry, biotech-
nology, biochemistry, microbiology and food science, geo-
logical engineering and mining, water resources, electri-
cal and electronic engineering, automation, informatics,
agronomy, and ecology and environment (CONACYT
1998a). CONACYT daso has exchange and collabora-
tion programswith most Latin American science and tech-
nology councils. Among the 50 foreign universitiesin great-
est demand by CONACY T’ s fellowship-holders, 19 are
in the United States, 13 arein Grest Britain, 7 each arein
France and Spain, and 4 are in Canada (see appendix
table 9).

In 1991, the Presidential Fund for Retention in
Mexico and Repatriation of Mexican Researchers was
established, resulting in 1,149 repatriations through 1996,
with the aim of reinforcing the academic staff of higher
education institutions (BonillaMarin and Martuscelli
1997). CONACYT provides the necessary funds for 1
year to cover salaries and other monetary incentives, de-
pending on the decision of the collective ingtitutional or-
gans and the evaluation committee of the repatriation pro-
gram. It also coversthetravel expensesof the researcher
and hisor her family to settlein the selected location. The
funds are granted to the recipient ingtitution and aim to
facilitate the swift hiring of the researcher, thus giving
time to the ingtitution to plan the creation of the new posi-
tion required within the scope of 1 year.

The program has attracted mostly young research-
ers willing to start their professional lives after obtaining
their doctorates or carrying out postdoctora stays (the
average age is 35), while only afew Mexican senior re-
searchers established abroad have applied. The field of
biologica sciencesregistersthe highest proportion of ben-
eficiaries, followed by those in applied sciences (biologi-
cal and engineering) and basic sciences. There are few
applicationsfrom the human and behaviora sciences. The
D.F. has a concentration of 42 percent of all repatriated
researchers. The percentage of repatriated researchers
absorbed by private ingtitutions is low (6 percent); one
indtitution (Ingtituto Tecnolégico de Estudios Superiores
de Monterrey) has hired 4.87 percent of these. UNAM
(which has absorbed 24 percent), UAM (4 percent), IPN
(2.5 percent), and the technological ingtitutes (3 percent)
together comprise 58 percent of all the beneficiaries. The
majority of researchers—86 percent—come from six
countries: Germany, Canada, Spain, France, the United
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Kingdom, and the United States. From this latter country
come 38 percent of the total. It may be noticed that 2.5
percent corresponds to retention within Mexico.

Of all repatriated researchers, 62 percent havejoined
the Nationa System of Researchers. Of al those repatri-
ated in the 1991-96 period, 0.9 percent of have gone
abroad again. The number of doctors added to the na
tional scientific community through the repatriation pro-
gram, athough lower than that resulting from graduates
from Mexican doctord programs, is comparable to the
latter number. Adding up the two contributions affords a
very close gpproximation to the total number of doctors
who each year join the Mexican scientific and techno-
logica system.

Discussion

Some of the problems detected in the domestic
graduate programsin Mexico (Bazllay Meza 1996, pp.18-
19) are:

* lack of definition and little clarity in the ams and
objectives of the graduate program and its op-
tions;

» weak links between graduate education and the
public and private productive sectors;

¢ thefact that research does not constitute atrain-
ing linein some master’ s and doctoral programs,

» few inter-ingtitutiona programs,

* insufficient multidisciplinary or interdisciplinary
graduate programs;

» absence of an effective tutoria system;

* imbaance in enrollment distribution among dif-
ferent fields of knowledge;

* high student attrition rate;

* |ow graduation rates and excessive time to de-
gree with regard to ingtitutional expectations;

* |ow research productivity of teaching saff in some
of the graduate programs,

* imbalancesin the offer of graduate programs,

* serious educational handicaps among candidates
to the graduate programs; and

* absence of links between the graduate level and
the licenciatura and other educationa levels.

In a recent report, OECD (1997) examiners con-
cluded that it is necessary to develop the graduate level,
not in an anarchic manner wherein each ingtitution de-
cidesfor itself, but through the establishment of networks,
in order to try to respond effectively to the new needs of
research and higher education and to avoid an onerous
prolongation of aready lengthy studies.

CoLoMBIA

ReceNnT REFORMS

In the last 30 years, a scientific community in Co-
lombia has begun to take shape, characterized by facul-
ties that concentrate considerable numbers of full-time
teachers; foreigners or Colombianstrained abroad in new
scientific subjects; laboratory equipment quite adequate
for its time, provided by international cooperation—the
Inter-American Development Bank, Rockefeller and Ford
Foundations, UNESCO, etc.; incipient graduate programs,
and a public ingtitution that began to fund research. By
1996, the Colombian R&D community was said to num-
ber 7,700 persons (RICY T). At the beginning of the 1990s,
science and technology were assumed to be the pillars of
the current development strategy of Colombia s govern-
ment, reflected in the Nationa System of Science and
Technology that was established by Law 29 of 1990 and
implemented in 1991 through its organization into 11 Na-
tional Programs of Science and Technology: basic sci-
ences, social and human sciences; environmental and
habitat sciences; education; health sciencesand technolo-
gies, agriculturd sciences and technologies; industrid tech-
nology development and quality; eectronics, telecommu-
nications, and informatics;, energy and mining; biotech-
nology; and sea sciences and technologies. The Colom-
bian Institute for the Development of Science and Tech-
nology “Francisco José de Caldas’ (COLCIENCIAS)
was transferred from the Ministry of Education and as-
signed to the Nationa Department of Planning, in order
toincreaseits capacity of strengthening research and tech-
nologica development and to make it serve as the techni-
cal secretariat of the National Council of Science and
Technology.

253



Within this ingtitutional framework, emphasis is
placed on the following aspects.

* integrating the private sector through its partici-
pation in the national councils,

* creating new forms of association between the
public and private sectors, based on the Law of
Science and Technology, through the establish-
ment of mixed corporations of private law;

* decentraizing research through the creation of
seven regional commissions of science and tech-

nology;

* developing human resources; and

» fogering the integration of Colombian scientists
and engineers into international networks of sci-
ence and technology.

GRADUATE ENROLLMENT AND DEGREES

Among the limiting factors of science and technol-
ogy development, the insufficient number of researchers
and qualified human resources was recognized as possi-
bly being the main bottleneck (Departmento Nacional de
Planeamiento 1994, p. 5). At the beginning of the 1990s,
graduate education in Colombiawas considered to be far
from fulfilling its mission as a tool for the training of re-
searchers (COLCIENCIAS 1991). In the report of the
Misién Ciencia, Educaciony Desarrollo produced in 1995
for the Presidency of the Republic, the following goas
for capacity building in the domain of human resourcesin
the natural and socia sciences and in engineering were
set for the forthcoming 10 years.

* training 8,000 scientists with doctorate degrees,

* training 10,000 specidized professonds: individu-
as holding professional degrees and master’s or
speciaist graduate diplomas; and

* training 18,000 nonspecidized professonds: tech-
nologists and technicians devoted to R&D.

These figures derived from popul ation estimates that,
according to the Colombian Institute for the Devel opment
of Higher Education (ICFES), had graduated from the
university in 1990—41,000 from undergraduate educa
tion and 2,500 at the graduate level. A survey on the re-

search potential of university students showed that 6 per-
cent of students enrolled in the experimental sciences
(medicine, physics, chemistry, and biology) had the requi-
Site conditions to become good researchers. On this ba-
sis, assuming that 3 percent of al undergraduates had
such a profile and that among graduate students the per-
centageiscloser to 10 percent, it was considered reason-
ableto foresee at least 1,500 professionals per year with
atendency toward research—afigure close to the 1,800
envisaged in order to reach the proposed goals. The re-
mainder could eventually be provided with the contribu-
tion of people from previous generations that in the past
could not continue their careers for various reasons but
who could be absorbed by the program through the new
mechanisms and incentives set in place (Mision Ciencia,
Educacion y Desarrollo 1995, pp. 231-35).

Table 6. Recipients of university degrees, Colombia, 1990-95

Field 1990 | 1991 | 1992 [ 1993 [ 1994 | 1995
Total.ocercecercieeinned 41,431] 48,897 46,103 | 47,016 | 57,114 | 54,188
Exactand
natural sciences..... 802 773 528 589 859 685
Engineering and
technology............. 8,105 9,369| 8,521| 9,493| 11,275 11,036
Medical sciences..... 5,208| 5,874| 5,758 5,307| 7,071| 6,968
Agricultural
SCIENCES......vevvernee, 1,030] 1,329 806 972 761| 957
Social sciences........, 25,812] 30,817 29,653 29,627 | 36,136 | 33,636
Humanities............. 474] 735] 837 1.028f 10121 906

SOURCE: Colombian Institute for the Development of Higher Education (ICFES),
Estadisticas de la Educacion Superior.

Table 7. Recipients of masters degrees or equivalent,

Colombia, 1990-95

Field 1990 [ 1991 | 1992 [ 1993 | 1994 | 1995
Total..oceiicceee e, 1,226 1,716 1,703| 2,359 2,444 2,396
Exactand
natural sciences......... 68| 76| 78| 158 124 87
Engineering and
technology............c..... 161| 143 86| 137 168| 104
Medical sciences.........J 475| 625 649| 849 879| 920
Agricultural sciences.... 71 15 0| 66 31 25
Social sciences............ 468| 816| 826]1,067|1,144|1,127
Humanities.......ccooovee.. 471 41 64 8 98l 133

SOURCE: Colombian Institute for the Development of Higher Education
(ICFES), Estadisticas de la Educacion Superior.

The aims of Colombia's current science and tech-
nology policy inthisregard areto increase the quality and
Sze of the domestic scientific community through train-
ing—especialy at the doctord level in the various fields
of the natural and socia sciences, and in engineering—to
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stimulate research and give strong incentivesto research-
ers, while helping solve the deficit of thisleve of qualifi-
cation in Colombian universities and enabling the genera-
tiona renewal of researchers. COLCIENCIAS's policy
addresses six main lines of action: training toward a de-
gree (doctorate or master’s), training in nondegree or
continuing education, strengthening of domestic doctoral
programs, promotion of young researchers, incentives to
researchers, and support of exchange programs and vis-
iting researchers. The government goal in 1994 was to
train 2,000 new researchers in the 1994-98 period. Of
these, 550 were expected to be trained at the doctoral or
master’s level, through COLCIENCIAS's programs,
granting fellowshipsin the country and abroad.

Table 8. COLCIENCIAS Human resource program,

Colombia, 1995-98

Number of beneficiaries
Program 5

1995-96 1998
Doctorate and master's scholarships.... 297 463
Courses and pasantias ® ............cc....... 1,233 2,329
Young reSearchers........covvneeeeieenes 237 435
Support to doctoral infrastructure......... 24 24
Researcher mobility............cccoveverennen. 32 35
Incentives for researchers.................... 283 283

? pasantias = visit to a foreign university.

b Preliminary figures.
SOURCE: The Colombian Institute for the Development of Science and
Technology (COLCIENCIAS).

FELLOWSHIPS

Support for developing a fellowship program was
provided by COLCIENCIAS, the Colombian Ingtitute for
Educational Loans and Technical Studies Abroad
(ICETEX), and the Foundation for the Future of Colom-
bia, as well as new programs of professiond training ad-
vanced by the various ministries and international coop-
eration resources. To ensure adequate availability of stu-
dents, it was considered necessary to support undergradu-
ate programs as well, offering loans or donations geared
to the improvement of the educationa infrastructure.
ICETEX and COLCIENCIAS fellowship mechanisms
were reinforced, and both institutions—in acombined ef-
fort—signed a series of agreements with international
organizations having wide experience in the management
of fellowships in severad countries. By 1997, they had
signed agreements with LASPAU, the British Council,
and the |bero-American States Organization. Talks were
also under way with Germany’ sDAAD and similar agen-
cies in France, Switzerland, Canada, Isradl, and Japan
(COLCIENCIAS 19973, p. 7). The basic sciences re-
ceived 30 percent of the fellowships in the 1995-97 pe-
riod, followed by the social and human sciences (16 per-
cent) and health science and technology (14 percent).

Taking into account that each fellowship has a 4-
year maintenance and fees component, in addition to travel
and instdlation cogts, thesis expenses, the acquisition of a

Table 9. Number of fellowship holders by COLCIENCIAS S&T program, Colombia, 1995-97

Program 1995 1996 1997 Total
Number | Percent | Number | Percent | Number | Percent | Number | Percent
TOMAL v e 139 100.0 141 100.0 183 100.0 463 100.0
BioteChNOIOGY.....c.cvviverererereiie e 6 4.3 6 4.3 2 1.1 14 3.0
AGHCUIUTAl SET ... eecsseeees 5 3.6 9 6.4 14 7.7 28 6.0
HEAI S&T ... 28 20.1 21 14.9 16 8.7 65 14.0
SCA SET o) 3 22 8 5.7 6 3.3 17 3.7
BaSIC SCIBNCES......cvueiriiiricereieeeiceeee e 43 30.9 37 26.2 60 32.8 140 30.28
Environment and habitat..........ccccoeovevivnieicninnnn, 19 13.7 13 9.2 5 2.7 37 8.0
Social and human SCIENCE.........cceeerreeiririnirniineene 11 7.9 27 19.1 38 20.8 76 16.4
Industrial technology development and quality......... 6 4.3 10 7.1 25 13.7 41 8.9
Electronics, information, and telecommunications..., 6 4.3 7 5.0 11 6.0 24 5.2
EUCALION. ... 1 0.7 2 14 2.2 7 15
Energy and mMining...........ccocoverevierisierenesniennes 11 7.9 1 0.7 1.1 14 3.0

& Many are doing molecular biology.

KEY: S&T = Science and technology

SOURCE: The Colombian Institute for the Development of Science and Technology (COLCIENCIAS).
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computer, and books, a quick estimate indicates that do-
mestic doctoral fellowships cost considerably less than
those granted to study in foreign universities—alittlemore
than half the cost abroad (see appendix table 10).

The nondegreetraining programs are oriented to the
development of postdoctora and research visits to cen-
ters of excellence in the country and abroad, with adura-
tion of between 3 and 24 months. The purpose isto en-
courage an active exchange between Colombian research-
ersand their colleaguesin other countriesthrough partici-
pation in research projects and specialized courses aimed
at updating researchers about new techniques. Between
1996 and 1998, eight postdoctora fellowships were
granted. It is expected that this number will grow in the
future, since they are perceived as a useful mechanism
for making the Colombian research community more dy-
namic and fogtering itsinternational mobility and vishility.

philosophy, 1 in theology, 1 in history, 1 in economics).
ICFES is in charge of the accreditation of all graduate
programs.

Actions directly related to scientific capacity build-
ing through training are complemented with other actions
amed at consolidating and improving the local environ-
ment for research. Thusthe Program of Y oung Research-
ers ams at linking young researchers to high-quality re-
search centers or groups, fostering in them a feeling of
belonging to specific scientific communities and encour-
aging their participation in ingtitutional environments con-
duciveto their growth in science. About 30 percent of the
beneficiaries are in the agricultural sciences and tech-
nologies (133 individuas), 20.7 percent in the socid sci-
ences and humanities (90), 16.1 percent in the health sci-
ences and technologies (70), and 14.7 percent in the ba-
sic sciences (64).

Table 10. COLCIENCIAS number of "young researchers" by S&T program, Colombia, 1995-98

1995 1996 1997 1998 Total
Program Number | Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent
TOtAL o s 112 100 125 100 157 100 41 100 435 100
BioteChNOlOgy........cvvrveeireieieiierieiesieeiesieieinn] 0 0 11 8.8 4 25 7 17.1 22 51
AQHCUIUTAl S&T ... 14 125 39 31.2 56 35.7 24 585 133 30.6
HEAIN S&T ... 32 28.6 18 14.4 20 12.7 0 0 70 16.1
SBA S&T ..ottt 0 0 0 0 1 0.6 0 0 1 0.2
BaSIC SCIENCES......cvevuerrrercierirecesserieessenssesssnees 31 21.7 19 15.2 12 7.6 2 49 64 14.7
Environment and habitat............cccc.cooverneeverinecennns 3 2.7 3 24 16 10.2 0 0 22 51
Social and human SCIENCE..........cccvvreerreeerereeerennne 32 28.6 18 14.4 40 255 0 0 90 20.7
Industrial technology development and quality.......... 0 0 13 104 2 13 6 14.6 21 48
Electronics, information, and telecommunications...., 0 0 0 0 6 38 0 0 6 14
EAUCALION......cooevocreeerenrerese s 0 0 0 0 0 0 0 0 0 0
Energy and mining..............coocovcoecnerneenieneesnrennnens 0 0 4 3.2 0 0 2 49 6 14

2 Data are through May 31, 1998.

SOURCE: The Colombian Institute for the Development of Science and Technology (COLCIENCIAS).

Another pillar of the COLCIENCIAS program to-
ward the consolidation of the national scientific commu-
nity is support of the infrastructure and development of
National Doctoral Programs in those fields where it is
possible to develop good-quality centers in the country.
These programs are supported through the funding of re-
search programs and the consolidation of their infrastruc-
ture. In 1998, there were 31 doctora programsin Colom-
bia, 17 in the exact and natural sciences and hedlth (5 in
physics, 4 in chemidiry, 1in mathematics, 7 in biology and
biomedical sciences); 3 in engineering and technology; 2
in agricultural sciences and technologies; and 8 in the so-
cid sciences and humanities (1 inlaw, 2 in educetion, 2in

Currently, there are 103 groups and centers recog-
nized by COLCIENCIASto which financial aid has been
given to help in their maintenance. It is estimated that
COLCIENCIAS ought to support an increasing number
of units, assuming a reasonable increment of 10 centers
and groups per year until 2003.

Through its various mechanisms, COLCIENCIAS
ishaving animpact on theingtitutional culture with regard
to the processes of preselection of candidates who apply
to the nationa fellowship program. Ingtitutionsareincreas-
ingly giving guaranteed acceptance to young personswith
deserving scientific and academic qudifications. It also
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helps formulate and implement ingtitutional plans for hu-
man resource training on the part of universitiesand other
inditutions in less devel oped regions of the country.

INTERNATIONAL MOBILITY

The Researchers Mobility Program has supported
amodest number of people in the 1995-98 period, 35 in
al. Nonetheless, through requirements of study-loans (re-
turn to the country, high domestic and international scien-
tific productivity, establishment of links between Colom-
bian ingtitutions and their research groups with counter-
parts abroad where the graduate student is receiving his
or her training), effectiveinternational linkages have been
made on behalf of domestic ingtitutions and research
groups.

The Colombian government pays grest attention to
its science and technology community abroad: “ diaspora’
is the term chosen by the official program about the Co-
lombian Network of Scientists and Engineers Abroad—
CALDAS Network. This program was established at the
end of 1991 by COLCIENCIAS as intrinsicaly tied to
theinternationa dynamicsof the nationa community. The
program’s underlying philosophy has been that a network
of skilled expatriates is an extension of, and not a substi-
tute for, the nationa community. Colombian intellectuals
linked by this program were in the recent past spread in
up to 43 countries, with the largest contingent inthe United
States. Itisahighly qualified community: 71 percent of its
members have obtained or are pursuing doctora studies,
and 80 percent have a master’ s degree or equivaent. A
recent analysis of the program suggests that there is a
bottleneck in higher education at the level of doctora stud-
iesin the country; thiswould help explain why three-fourths
of thosewho left did so to pursue graduate studies abroad.
Emigration, however, does not seem permanent but rather
of the delayed return kind. Although the program does
not have the necessary depth of time to alow usto as-
sessthis aspect, thefina outcomewill most likely depend
on country conditions. Half the population surveyed had
student status, of which 74 percent had enrolled inaPh.D.
program, 18 percent in a master’s program, and 8 per-
cent in undergraduate studies. Two-thirds were under
professional contract, one-fourth were both studying and
working, and 83 percent declared that they wereinvolved
in research activities either as advanced students or pro-
fessonas (Meyer et a. 1997).

Of course, not dl expatriatesbelongtothe CALDAS
Network, and a population of expatriate individuals does
not automatically constitute a diaspora. According to the
definition given to this notion by COLCIENCIAS, “an
expatriate population becomes a diaspora when it is a
community whose members are in communication, have
built and institutionalized a coll ective autonomy, and share
some goals and activities. This the CALDAS Network
provides through its electronic list, local nodes, and joint
projects.” According to governmental sources, the Co-
lombian science and technology diaspora comprises
around 2,000 people. Thisrepresentsalittle lessthan half
of the people officidly involved in R&D activitiesin Co-
lombia

VENEZUELA

RECENT REFORMS AND TRENDS

The Venezuelan higher education system has expe-
rienced an enormous expansioninthelast 30 years. Many
initiatives for change from different segments linked to
higher education popped up in recent years, spurred by
internal factors like the aging of the community of re-
searchers, the retirement of an important fraction of uni-
versity academic staff, the move of many others abroad
or to industry and services without their posts being re-
plenished at the same rate, a deterioration of academic
staff salaries, and reduction in the number of university
studentsin the basic sciences. Nonetheless, the profound
transformations visiblein other Latin American countries
in response to changed world conditions have been dower
to come by in this country. The main externa factors of
higher education change observed in Venezuelaareevalu-
ation, funding, the research issue, and the development of
acoordination model. All of these are deeply affected by
the crisis of the state.

Thefunding of higher education has beenincrementa
on the basis of previous budget assgnments, athough in
the last decade criticisms became more intense in view
of the system’ s inability to incorporate incentives for the
improvement of the system’ sinterna efficiency and qual-
ity, aswell ascriticisms of the excessive weight of corpo-
rate and political parties pressures, which have under-
mined public higher education. Ingtitutions have strongly
resisted evaluation and accreditation of graduate educa-
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tion. There has been limited financia support for salf-
evauation processes, which—aong with a centralized
system of quota distribution which has introduced rigidi-
ties—has promoted conflicts with the student body and
become difficult to change.

The evauation processin Venezuel a has been based
on a corrective notion; that is, it has been restricted to
certain problems, and careful not to change funding struc-
tures. Evaluation has been accepted aslong asit does not
affect existing budget and financial structures. The cre-
ation of the Consultative Council of Graduate Studies in
1983 as an advisory organ of the National Universities
Council (CNU) enabled the creation of a National Sys-
tem of Graduate Accreditation in 1986. Although theim-
pact and effectiveness of this council have been very
modest (up to now, only 20 percent of al graduate pro-
grams have submitted to the evaluation procedure of ac-
creditation), nonetheless it deservesto be mentioned asa
policy initiative that has to some extent ingtitutionalized a
form of speciaized evaluation. Also in 1983, CNU estab-
lished aUniversties Ingtitutiona Evaluation Commission;
in the ensuing decade, some evauation took place with
the participation of the Nucleus of Universities Planning
Directors. Given CNU'’s past difficulties in articulating
theinterests of government and universities, it iscurrently
moving toward a new evauation policy that is more re-
sponsive to contextual features. The Presidential Com-
mission for the Development of Higher Education isin
charge of designing the Inter-American Development
Bank’s Venezuelan Program for the Improvement of
Higher Education, envisaging two components: afund for
the reform of higher education, and afund for the ingtitu-
tiona support of the reforms.

In 1990, after a decade of efforts by members of
the scientific community to get it established, the Consgo
Naciona de Investigaciones Cientificas y Tecnolégicas
(CONICIT) created the System for the Researcher’s
Promotion (PPI). PPl emerged as a national structure of
accreditation for researchers through the usua evaua
tion mechanisms of the scientific community, withtheaims
of giving them visibility in the domestic context and pro-
viding a monetary incentive which, by comparison with
the equivalent Mexican SNI, never became redlly signifi-
cant in relation to the beneficiaries sdaries. PPl was
created as amechanism that tried first to compensate for
adeficit in the collective recognition of the researcher’s
status and role—which in the past had resulted in a very
fragile relationship of research and itsfruitswith Venezu-

elan society—and second, to foster the participation of
Venezuelan science in the international scientific system
(Vessuri and Gonzaez 1992, and Vessuri 1996). Thelimi-
tations of this program have been said to lie in its foster-
ing ardativeisolation of theindividua scientist from other
socid priorities, as well as the promotion of certain pat-
terns of work organization, particularly solo rather than
group research, which is more easily found in basic aca-
demic science and which in the long run might be coun-
terproductive for science for development. Meanwhile,
other evauation tools have began to emerge in many uni-
versties—though gtill precarioudy. Theseincludethe Aca
demic Benefit, an incentive created by CNU; and incen-
tive programs implemented by severd public universities,
such as the Program of Incentives to Research for uni-
versity academic staff.

It will be necessary to specify what the future role
and position of PPl will be, and how the various incen-
tives can be made complementary rather than contradic-
tory. Because the roles of the researcher and research
are not yet sufficiently consolidated in Venezuelan soci-
ety, PPI, dthough it cannot be permanent, may continue
to be necessary for some time. The researcher popula-
tion of approximately 1,500 may be considered the core
of the domestic scientific community, suggesting that a
small but very qualified stratum of researchers has be-
come consolidated. Depending on whether strict or broad
criteriaare used, it may be estimated that the number of
peoplein R&D includes between two and five times that
number. The consolidated information about PPl mem-
bersin 1998 isincluded in tables 11 and 12.

Table 11. Number of researchers in Venezuela's

PPI program, Venezuela, 1998

Physical, Medical, Engineerin
- chemical, & | biological & | Social g 9
Institution . . . technology & | Total
mathematical | agricultural | science :
. . Earth science
science science
Total.......... 360 640 310 240| 1,550
UCV...... 65 188 103 49( 406
ULA....... 88 93 62 371 281
LUzZ....... 34 90 57 36| 217
USB...... 83 3 43 70| 207
Others... 90 238 45 48[ 439
KEY: PPI= Program for the Promotion of Researchers

ULA= Universidad de Los Andes
USB=Universidad Simon Bolivar
UCV= Universidad Central de Venezuela
LUZ= Universidad del Zulia
SOURCE: National Council of Science and Technology Studies, (CONICIT),
Sistema de Promocion del Investigador, Caracas,1998.

258



Table 12. Number of researchers, according to promotion research program (PPI) level, 1990-97

Level 1990 1991 1992 1993 1994 1995 1996 1997
General total........... 760 922 941 929 1,056 1,213 1,302 1,435
Candidate........... 111 171 220 167 197 241 310 322
Lo 390 482 407 472 519 614 632 755
| 150 173 213 180 243 262 251 246
M) 89 96 101 110 82 81 94 97
Emeritus......... 0 0 0 0 15 15 15 15

SOURCE: National Council of Science and Technology Studies, (CONICIT), Indicadores de la capacidad de investigcion y desarrollo de
Venezuela. Periodo 1990-98. Sistema de Promocion del Investigador, Caracas,1998.

Some fields show a greater weight, asin catalysis,
wherethere are at least 152 active Ph.D. level research-
ersin 11 inditutions (Vessuri 1996). But it isincreasingly
evident that the traditional way of understanding and do-
ing research in the country—structurally weak, isolated
from economic and socid processes, and individualized
to alarge extent—must be drastically changed to make it
more effective. Thus, it may be said that Venezudaisina
trangitiona stage.

CONICIT hasundergoneinterna transformation to
ease the modernization of the science and technology
system. Since 1994, it has established four main fields of
programmeatic action for the support of research, innova
tion processes, policies for the strengthening and coordi-
nation of the national effort in science and technology,
and internal management and ingtitutional modernization.
With regard to the first aim, with which we are more
directly concerned here, among the strategic lines of ac-
tion are training, incorporation, and permanence of more
and better researchers; and, linked to these, the strength-
ening of research in domestic graduate programs. Sev-
eral actions were started or redefined in the last 3 years:

* Fundingwas provided for thetraining of research-
ers, with some 300 new graduate fellowships
envisaged for the 1996-98 period.

* New researchers were incorporated, facilitating
the hiring of young researchers in research and
teaching activitiesin higher education institutions,
and aiming at 375 graduates.

* Researcher mobility was encouraged. The tar-
get was to fund 1,333 new applications, facilitat-
ing the participation of active researchersin in-
ternationa events, as well aslinking Venezuelan
researchers settled abroad with the domestic com-

munity and starting a networking program for
Venezuelan scientists and engineers resident
abroad (the Perez Bonalde Program).

* Research technicians are being trained, with a
target of 58 technicians (CONICIT 1996).

* Within the Specia New Technologies Program,
20 fellowships in Venezuda and 129 fellowships
abroad are being provided; also envisaged are 15
updating courses and the participation of scien-
tistsin 10 nationd events.

* Asin Colombia, specid lines of action include
the support of research groups and the strength-
ening of domestic graduate programs.

The main emphasisisensuring that the nation' sR& D
capacities become a substantial part of its economic and
socid processes, bringing solutions and opportunities to
the productive sector and society in general.

ENROLLMENT AND DEGREES

Higher education enrollment in Venezuelaincreased
30 timesover the last 30 years. In 1994, higher education
accounted for 43.6 percent of the national educational
budget, which in turn was 15.36 percent of the national
budget. The schooling ratio of higher education went from
6 percent in 1965 to 24 percent in 1990. In 1995, there
were 603,217 students enrolled in higher education, 76.2
percent of them in universities. The number of graduates
that year was 50,160, 65.6 percent from universities. The
total ratio of graduates from higher education in 1995 was
generaly low—37 percent (50,160 graduates, 136,092
newly enrolled in 1990). Contrary to common expecta-
tions, public universities have a higher termina efficiency
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than private universities—49 percent: 28,402 graduates
in 1995, 57,989 newly enrolled in 1990; versus 26 percent:
4,489 graduatesin 1995, 16,955 newly enrolled in 1990—
and continue to receive amuch larger student enrollment.
The dtuation differs in nonuniversity ingtitutions. In this
grouping, the graduate ratio is 20 percent in the public
sector (4,269 graduatesin 1995, 21,528 newly enrolled in
1990) and 33 percent in the private sector (12,973 gradu-
atesin 1995, 39,620 newly enrolled in 1990) (Parra 1998,
based on OPSU 1997).

Historically, higher education in Venezuelahas been
devoted mostly to undergraduate education, although in
thelast 10 yearsit has expanded its number of academic
graduate programs. In 1972, there were only 89 graduate
programs; by 1994, there were 1,047, comprising 7 per-
cent doctoral programs, 46 percent master’s, and 47 per-
cent specidization programs. Public universities account
for morethan half of the graduate programs; of these, the
Central University of Venezuela (UCV) has 32 percent
of al graduate programs.

FELLOWSHIPS

Although officia initiatives to support domestic
graduate education go back to at least the mid-1970s,
emphasiswas placed on graduate fellowship programsto
study abroad. However, results were not as effective as
expected in terms of a multiplying effect of returning

graduates on growth of the local research community;
also, it was estimated that a considerable number of stu-
dents abroad were lost to “brain drain.” Therefore, more
recent initiatives—developed by CONICIT,
FUNDAYACUCHO (Gran Mariscal de Ayacucho Foun-
dation), and severa university councils for the develop-
ment of science, technology, and the humanities—have
focused on renewed support of domestic graduate edu-
cationin fieldsof domestic strength, combined with apolicy
for graduatetraining abroad in strategic fieldsand in those
that are weak at the local level.

The main fellowship programs are those of
FUNDAYACUCHO and CONICIT. Between 1984 and
1997, the two combined made available an average of
688 fellowships per year to Venezuelan graduates. Until
the current decade, FUNDAYACUCHO's fellowship
program was numerically much larger than CONICIT’s,
having granted atotal of 55,484 fellowships from 1975 to
1996 at both the undergraduate and graduate levels. Since
1984, it granted 8,202 graduate fellowships, compared to
1,439 fellowships from CONICIT. The latter specialized
in research fellowships on a much smaller scale. Since
1991, however, CONICIT hasincreased its efforts, and,
in 1995-97, its fellowships represented about a third of
FUNDAY ACUCHO'sloans. Throughout the period, the
average number of fellowships abroad from thetwo agen-
cies combined was 47 percent, with a high of 77.74 per-
cent in 1993 and a low of 10.52 percent in 1987. (See
appendix table 11.)

Table 13. Number of fellowships and educational loans granted by CONICIT

and FUNDAYACUCHO in Venezuela and abroad, 1984-97
CONICIT FUNDAYACUCHO
Year General total | Total Venezuela| Total abroad (%)
Total | Venezuela | Abroad Total | Venezuela| Abroad
1984.............4 667 348 319 (47.8) 30 21 9 637, 327 310
1985.....cn.. 813 664 149 (18.3) 1 1 0 812 663 149
1986.............] 282 215 67 (23.8) 54 37 17 228 178 50
1987....cvn 1,178 1,054 124 (10.5) 35 22 13 1,143 1,032 111
1988.............] 213 174 39 (183) 37 20 17 176 154 2
1989........0... 127 60 67 (52.8) 3 3 0 124 57 67
1990............. 657 454 203 (30.9) 80 56 24 577 398 179
1991............4 987 427 560 (56.7) 124 60 64 863 367 496
1992...vvvvee.d] 554 199 355 (64.1) 154 £ 112 400 157 243
1993 921 205 716 (77.7) 209 59 150 712 146 566
1994.............4 565 157 408 (72.2) 24 0 24 541 157 384
1995.............4 473 214 259 (54.8) 152 92 60 321 122 199
1996.............4 865 338 527 (60.9) 251 144 107 614 194 420
1997.............] 1,339 600 739 (45.8) 285 159 126 1,054 441 613

SOURCE: National Council of Science and Technology Studies, (CONICIT), Indicadores de la capacidad de investigcion y desarrollo de Venezuela.
Periodo 1990-98 Sistema de Promocion del Investigador, Caracas,1998.
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The public universties aso have fellowship programs
to qualify their own academic staff, administered through
their science, technology, and humanities development
councils. There are no global figures about this universe
of fellowships. However, their significance in the overall
effort can be grasped from the evolution of the UCV
fellowship program. On the whole, from the creation of
the mechanism in 1958 through 1996, UCV granted 603
graduate fellowships, of which 21.9 percent were distrib-
uted among the socid sciences and the humanities. The
largest concentration of graduate fellowshipswas awarded
to science faculty staff (25 percent), followed by the
agronomy faculty (15.6 percent) and medicine (13.2 per-
cent). The largest concentration of fellowships (47.42
percent) occurred in the 1977-86 period; significantly, the
number of doctora fellowships represented 54.57 per-
cent of the total. This trend continued in the 1987-96 pe-
riod, with 51.46 percent of all fellowships awarded for
doctora studies.

Note that most doctoral and master’s fellowships
from FUNDAYACUCHO are for studies abroad, with
the largest contingents of students in economics and the
socid sciences, followed by engineering and technology.
The basic sciences, with 22.2 percent in the domestic
doctora programs and 14 percent in foreign ones, have a
better representation at thislevel than at lower levels. At
the master’s level, 71.1 percent of domestic fellowships
go to studentsin economics and the socia sciences; and,
athough the proportion is lower among master’'s level
fellowships abroad in these disciplines, the proportion con-
tinues to be considerable (59.1 percent).

A larger proportion of FUNDAYACUCHO doc-
torate fellowships are destined for Spain than for any other
country (38.2 percent), followed by the United States and
the United Kingdom. The remaining destinations show a
great dispersion. At the master’s level, 68 percent of all
fellowships abroad are for the United States; Spain and
the United Kingdom trail far behind, with 10.3 percent
and 9.6 percent, respectively.

CONICIT hasgranted acomparable number of fel-
lowship in the 1994-97 period (712). This agency empha-
sizes the doctorate degree level, which every year has
accounted for more than 40 percent of al fellowships
granted. A new modality that is growing dowly isthat of
the postdoctorate. Table 16 provides some indication of
destination trends based on the history of CONICIT fel-
lowships. The United States was the destination of 42.9
percent of al fellowships, followed by the United King-
dom with 21.6 percent and France with 14.8 percent.

INTERNATIONAL MOBILITY

In recent years, Venezuela has been developing sev-
eral programs to identify Venezuelan expatriates.
CONICIT has initiated a modest scheme, the Perez
Bonalde Program, which brings Venezuelan scientists
settled abroad in country for short visitsto local research
ingtitutions and groups in order to fulfill a work agenda
geared to increase contacts and international mobility of
local scientists; it dso ams to incorporate those expatri-
ate researchers in the domestic dynamics of science and
technology. Fundacion Polar is collecting information about

Table 14. FUNDAYACUCHO educational loans granted at the graduate level, Venezuela

and abroad by field of study, 1994-98 (PRCE budget)

Venezuela Abroad
Field Master's Doctorate Master's Doctorate
Total | Number | Percent] Number | Percent]| Total | Number| Percent | Number| Percent
TOtAl e 393 384 100.0 9 99.9] 1,252 | 1,074 99.4 178/ 100.1
BasIC SCIENCES......c.vvvrvvrrririreirernens 5 3 0.8 2 22.2 43 18 1.7 25 14.0
ENQGINEEring.....cccoevevveererresriererniens 61 61 15.9 0 0.0 318 276 25.7 42 23.6
Agricultural and sea science.............. 8 8 2.1 0 0.0 22 13 1.2 9 5.1
Health. ... 10 9 2.3 1 11.1] 65 49 4.6 16 9.0
Education.........ccceeeninininieieinens 29 26 6.8 3 33.3 60 46 43 14 7.9
Economic and social sciences........... 275 273 711 2 22.2 694 635 59.1 59 33.2
Humanities, literature and fine arts..... 5 4 1.0 1 11.1 50 37 3.5 13 7.3
KEY: PRCE = Educational Credit Reform Budaet, Venezuela, World Bank.
NOTE: For the vear 1998. the first semester onlv was considered.

SOURCE: Gran Mariscal de Ayacucho Foundation (FUNDAYACUCHO).
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Table 15. FUNDAYACUCHO educational loans granted at

the graduate level according to geographical destination,
Venezuela, 1994-98 (PRCE budget)

Master's Doctorate
Level/Country Total Number Number
o] | 1,645 1,458 187
Total abroad.............. 1,252 1,074 178
Total Venezuela........ 393 384 9
Argentina............... 2 1
Australia................ 11 6
Belgium.......co.c..... 2
Brazil.......ccoourvvennn. 0
Canada...........c...... 20 19 1
Chile..uciiiiiiiinns 4 4 0
China......cccocevvernines 1 1 0
Colombia............... 2 1
Costa Rica............. 29 23 6
France.......ccoovunn. 43 25 18
Germany................ 4 2
Holland.................. 6 0
ISrael......ccooverrevnnn. 0 0
7 0
16 16 0
9 9 0
0 0 0
3 0
1 1
179 111 68
1 1 0
3 1 2
United Kingdom 138 103 35
United States......... 763 728 35
uruguay................. 1 1 0
KEY: PRCE = Educational Credit Reform Budget, Venezuela,
World Bank.
NOTE:  For the year 1998, the first semester only was considered.

SOURCE: Gran Mariscal de Ayacucho Foundation
(FUNDAYACUCHO).

Venezuelan scientists abroad, trying to distinguish those
who are pursuing studies from those who are working on
amore permanent basis. Sofar, it hasidentified some 300
Venezuelan scientists and engineers settled abroad on a
more permanent basis. The Venezuelan Embassy at
UNESCO headquarters in Paris has started an initiative
caled TALVEN with a similar purpose. In the near fu-
ture, these programs should coordinate with each other to
produce unified information.

SrrREAMLINING AcaDEMIC R&D IN
Mexico, CoLoMBIA, AND

VENEZUELA

Therecent reformsintroduced in the academic world
of the three countries considered here, like those in other
Latin American countries, seem to point to the rationa-
ization, disciplining, and greater efficiency of higher edu-
cation. Since the tools of reform have been basicaly fi-
nancia and administrative and not often supplemented
with more integral changes, the results remain pending.
There is no doubt that groups of researchers have been
mobilized around new funding modadlities and opportuni-
ties. But the bulk of university staff (teachers and re-
search assistants) seem to have received the impact of
the reformsin different manners. Some groups feel they
have been ill-treated by the imposition of quantitative re-
search evaluation criteriathat apply to the tradition of the
physical sciences but are not pertinent to the agricultura
sciences, technologies, socia sciences, and humanities,
they fed these are even less able to measure yields in
teaching, the effectiveness of adjustment to market de-
mands, etc. Operational measures assumed to make re-
search more efficient, such as supporting large research
groups for more or less extended periods (3 to 4 years),
may reflect optimal research conditions for some disci-
plines, but not necessarily for others.

Table 16. Number of fellowships by academic level CONICIT, Venezuela, 1994-97

Vear Fellowships Master Doctorate Postdoctorate Does not indicate
Number [ Percent | Number [ Percent | Number [ Percent | Number [ Percent | Number | Percent

Totalereien, 712 100.0 342 332 R 6

199.............. 24 34 4 16.7 15 62.5 4 16.7) 1 4.2

1995.....ccne. 152 214 75 49.3 69 45. 5 33 3 2.0

1996.............. 251 35.3 127 50.6 111 44.:| 1 4.4 2 0.8

1997.............. 285 40.0 136 47.7 137 48.1 12 4.2 - 0
KEY: (-) = not applicable -

SOURCE: National Council of Science and Technology Studies, (CONICIT) n.d. <<http:/iwww.conicit.gov.ve>>.
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Table 17. Number and percentages of fellowships
granted by CONICIT, Venezuela, by country of

destination, not including domestic fellowships,

1970-97
Country Number Percent
o] S 898 100
Australia..........ocees 3 0.3
Belgium........ccovneenc 7 0.8
Brazil.......cccocvivinnnnc 25 2.8
Canada........cccoveunn 23 2.6
Cuba.....coovereine, 1 0.1
Czechoslovakia....... 2 0.2
France......ovvvvninas 133 14.8
Germany.........ooe... 14 1.6
Holland.................... 3 0.3
(1] I 1 0.1
721V 5 0.6
Japan........cceeeea, 3 0.3
MEXICO.....vevreverrens 4 0.4
New Zealand........... 1 0.1
Poland.........cccrevune. 1 0.1
Puerto Rico.............. 3 0.3
[R{VESISIT: WO 3 0.3
SpaiN......ccreriiins] 80 8.9
Sweden........covene] 4 0.4
United Kingdom....... 194 21.6
United States........... 385 42.9

SOURCE: National Council of Science and Technology Studies,
(CONICIT) n.d. <<http://www.conicit.gov.ve>>.

Theindustrial sector emerges as a strategic partner
to facilitate change; its difficulties in the current process
of economic aperture and the vulnerability of domestic
financial markets affect R& D stability and potential for
expansion. The three countries have learned that expan-
sion of high-quality academic research does not neces-
sarily create conditions for high-quality industrial R&D.
Academic research policy, therefore, should not be disso-
ciated fromindustria firms applied R& D policy and prac-
tice, where the means of government influence are much
more indirect, complex, and controversid.

Although in the last decades the range of organiza-
tions and ingtitutions has been growing and diversifying in
the three countries, the ingtitutional fabric still presents
thinly covered holes and empty spaces. In addition to the
ingtitutiond and organizationd insufficiency and margin-
adity of science and technology research with regard to
the main route of knowledge production and distribution,
confidence in government management—considered in
the past to be the natural agency in charge of responding

to problems of collective devel opment—has declined. The
preexisting export industrial base fed on governmentsthat
supported—at least in the early stages—theindustriaiza-
tion process, with policies of exchange rates, restriction
of domestic demand, real sdary restrictions, export sub-
sidies, export processing zones, and performance require-
ments for exports, as well as investments in research,
training and support infrastructure. Maintenance of in-
dustrial growth requires fresh, sustained investments for
capacity development.

In countries like these, distant from the technologi-
cal edge, the returns associated with facilitating technol-
ogy transfer are much higher than those linked to engag-
inginorigind R&D. Animportant policy to facilitate such
transfer istoinvest in human resources, especialy in higher
education. As far as graduate education is concerned,
we have seen that total enrollment isvery low relative to
the numbers graduating from undergraduate programs,
the graduate-undergraduate ratio shows the need to pri-
oritize growth of graduate education. There is a definite
insufficiency in the level, quality, and variety of human
resources required for technological upgrading. The
knowledge gap grows dramatically, especidly in aspects
related to the integration of human resources in innova
tion systems.

Thefact that the maority of teaching/research posts
in the public sector corresponds to the status of
funcionario publico (public officid) induces too much
stability of employment for those who are in the system
and an exceedingly high turnover of “margind” profes-
sionals who remain outside the system; this prevents an
adequate balance between institutional continuity and re-
newad. Large segments of public higher education have
experienced serious deterioration in a process accompa:
nied by growth of the private sector in education, which
coversaportion of the excess demand with abiastoward
the commercial sciences and less emphasis on engineer-
ing and the exact and experimental sciences. This has
direct consequencesfor R& D, whichiscarried out mainly
in public universities and related research centers. Most
programs for the promotion of R& D have been reactive,
serving to promote and strengthen what already exists,
but unable to give aradica lead in the attainment of ob-
jectives or the type of actors involved and their ways of
working. Strong inertial trends prevail in the fragmented
interests of the scientific communities, without their be-
coming articulated in broader strategies involving varied
and dynamic partnerships. Needlessto say, thisindicates
the lack of density of the socioeconomic tissue.
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The number of linkage mechanismsin the academic
world and the science and technology public sector has
multiplied in the 1990s. But support ingtitutions and poli-
cies will not be effective unless there is a significant in-
creasein private investment in R& D without a reduction
of dready limited public funds. A continuous supportive
government presence is needed, but should be focused
on what only it can do in the different fronts linked to the
industrial and technological processes, while leaving di-
rect production and technology transfer to the private sec-
tor.

Technological activity carried out through coopera
tive schemes is an option increasingly used everywhere,
because it facilitates the speed of technical progress and
market redistribution. The various forms of partnership
between firms, and between these and research institu-
tionsand universities, allow some current obstaclesto the
establishment of innovation capabilities to be overcome.
In the three countries discussed here, thiskind of interac-
tion is very new. Often, the entrepreneur does not take
advantage of results generated by potential partners due
to alack of knowledge of the existence of relevant prod-
ucts and processes for the firm. It is therefore indispens-
ableto multiply the channels and forms of accessto tech-
nologica information and business opportunities available
to the entrepreneurial segment.

Education ought to be revitdized at dl levels, in-
cluding not only the training of scientists, engineers, and
the technical workforce, but aso of managers and entre-
preneurs—so that they may gain a better understanding
of theimportance of innovation and its main components—
as well as shopfloor technicians and blue-collar workers
who must have a higher level of schooling and skills for
raising their flexibility and capacity to adapt to continuing
technical change. Although there are valuable schemes
in vocationd training, especidly ones provided by public
ingtitutions in close partnership with the private sector—
such as Servcio Naciona de Aprendizaje in Colombia,
Direccion Genera de Educacion Tecnologica Industria
in Mexico, and Instituto Nacional de Cooperacion
Educativain Venezuela—they are clearly insufficient. So
far, it has not been possible to extend them more widely,
for therole of thefirmsinthisfield should be much greater.

Continuing education and training ought to be stimulated,
recognizing that, particularly in scientific and technical
fields, education must be a life-long activity.

Although some critics adhering to a narrowly tech-
nica and developmentd view deplore the pretension of
scientific leadership to publish internationdly, as if such
activity would distance them from domestic relevance, it
may reasonably be argued that the change in publishing
behavior from locally oriented mediato international jour-
nals is necessary for a country’s technologica develop-
ment. To benefit from worldwide technical and scientific
developments, the local researcher must know and un-
derstand them; and, therefore, to some extent, contribute
actively in those developments. In a globa world, infor-
mation and communication do not recognize national
boundaries.

It should be stressed that the importance of sup-
porting basic science in countries with small scientific
communities is in the resulting externdities, for it dlows
access to the internationa pool of knowledge, skills, and
information. When it is argued that the effort should be
reoriented because an enormous reservoir of technical
and scientific knowledge already exists, thisdoesnot mean
to cease supporting the scientific and technical communi-
tiesin those countries. On the contrary, given the level of
complexity and sophistication of contemporary knowledge,
today more than ever communities of researchers and
engineers are needed who are well-versed in the most
advanced knowledge and who may read and interpret
results and guide strategic decisions of a technica na
ture.

The short-term focus that has prevailed in the
privatization process brings uncertainty to the viability of
the reforms aimed at saving and optimizing R& D capaci-
tiesin the three countries. It is not clear whether the new
industria structures will stimulate the establishment of
research facilities in small and medium-sized firms. It is
unlikely that the numbers of scientific and technological
personnel will grow much inthe near future. For the same
reasons, the capacity to train R&D staff in national sys-
tems will probably remain limited, unless there are deep
changesin conception and structure. The numbersof stu-
dentsin key disciplines might remain equally limited.
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Appendix table 1. Mexican graduate population by level, 1987-97

Vear Total Specialization Master Doctorate
Number Percent Number Percent Number Percent Number Percent
38,214 100.0 13,084 34.2 23,751 62.2 1,379 3.6
39,505 100.0 13,526 34.2 24,676 62.5 1,303 3.3
42,655 100.0 14,757 34.6 26,561 62.3 1,337 31
43,965 100.0 15,675 35.7) 26,946 61.3 1,344 3.0
44,946 100.0 16,367 36.4 27,139 60.4 1,440 3.2
47,539 100.0 17,576 37.0 28,332 59.6 1,631 3.4
50,781 100.0 17,440 34.4 31,190 61.4 2,151 4.2
54,910 100.0 17,613 32.1 34,203 62.3 3,094 5.6
65,615 100.0 18,760 28.6 42,342 64.5 4513 6.9
75,392 100.0 20,852 217.9 49,356 65.5 5,184 6.9
87,696 100.0 21,625 24.7) 59,913 68.3 6,158 7.0

SOURCE: Asociacion Nacional de Univeridades e Instituciones de Educacién Superior (ANUIES). Anuario Estadistico. Poblacién escolar de
posgrado. México, D.F.
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Appendix table 2. Doctoral student population in Mexico by field, 1997

Page 1 of 2

Field 1st Enrollment & re-enrollment Graduates 1996

Total Men Women Total Men Women

.......................................................... 6,158 4,038 2,120 734 457 277
Agricultural SCIENCES.........ccvvvvvvererirennns 420 326 94 48 35 13
AGIrONOMY ... 270 209 61 29 23 6
Veterinary & zootechnics.................. 150 117 33 19 12 7
Health SCIENCES.......ovvveeeereiriieieins 456 240 216 103 67 36
BiomediCine.........ccoevvevrieireiniennn, 118 54 64 31 16 15
Pharmacology.......ccccoeovrerevirerieins 25 12 13 4 2 2
MEICINE. ... 91 68 23 41 kY 9
DENLISHY....cveveveveeeeciceeceerrs s 19 10 9 1 0 1
Other specialtiesS..........ccovererverevnnnen. 203 96 107 26 17 9
Basic & natural sciences...........c..cc...... 1,621 1,127 494 123 84 39
ASITONOMY..cooviivieeiie e 14 7 7 1 0 1
BIOPhYSICS.....cvivivriviiiiececeevevevaens 4 4 0 0 0 0
2] 0110 2 522 315 207 48 33 15
SCIBNCES. ... 15 12 3 0 0 0
Biochemistry 13 12 1 0 0 0
ChemIStIY.....c.ovreeeeerreeneeseieene 291 181 110 14 6 8
Earth SCIENCES......covvvvvecrcirirnand 97 76 21 3 0 3
S€a SCIENCES.....vvevrvrrrerrireieisrreiaens 72 48 24 2 1 1
ECOlOGY....ovviireriiriieiessieieeeieis 67 41 26 6 2 4
PhYSICS.....ovoeeceeeeereireieieeeissesnees 413 345 68 39 34 5
Mathematics..........ovvvreerevreererrerinenens 113 86 27 10 8 2
Administration & social sciences.......... 1,574 998 576 236 143 93
AdMINIStration..........coeeeeeevrenenn. 83 63 20 24 20 4
Anthropology & archeology............... 246 123 123 57 31 26
Political SCIENCES........ccevrerrirrrreiinnes 27 20 7 7 6 1
Social SCIENCES.......cvevrierreirerrireenes 342 212 130 44 25 19
LAW. oot 478 340 138 62 38 24
Economy & development.................. 158 124 34 9 7 2
Latin american studies.............cc...... 90 44 46 10 7 3
Geography.....ccceveeceieersieienienn, 34 19 15 1 1 0

Taxes & finances.. K} 25 9 0 0
PSYchology........ccoeveeveernceneininieienne 66 20 46 19 6 13
International relations...........c.c.c....... 16 8 8 3 2 1
Education & humanities............ccoev.... 1,085 574 511 162 76 86
EdUCAtioN.......c.evveieneneeenene 668 370 298 50 2 18
Philosophy 79 53 26 15 8 7
HISEOMY..ovocvvevee e, 206 98 108 57 24 22
LIterature. . ..o 102 43 59 28 10 18
LiNQUISHCS.....cveevieieiisccisisisesenans 30 10 20 12 2 10

See SOURCE at end of table.
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Appendix table 2. Doctoral student population in Mexico by field, 1997 (Continued)
Page 2 of 2
Field 1st Enrollment & re-enrollment Graduates 1996
Total Men Women Total Men Women

Engineering & technology.. 1,002 773 229 62 52 10
Architecture & design.........ccccceveenee. 112 76 36 7 7 0
Biotechnology..........covvreerierevniennnns 191 121 70 9 4 5
SCIBNCES ... 172 131 41 5 5 0
Computer SCIENCES........coeveveveverennns 49 41 8 1 1 0
Ambiental engineering................c..... 6 3 3 0 0 0
Civil engineering..........cccevevvrerinnnns 150 131 19 13 11 2
Electric engineering & electronics...., 175 162 13 12 12 0
Extractive eng., metal. & energy....... 39 30 9 8 5 3
Industrial engineering...........cceveven. 22 16 6 6 6 0
Mechanical engineering.................... 14 13 1 0 0 0
Chemical engineering.... 23 21 2 1 1 0
Planning........ccovvveeeeeeeeeees 13 11 2 0 0 0
Nutrition technology..............cc.......... 36 17 19 0 0 0
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Appendix table 3. Master's student population in Mexico by field, 1997

Page 1 of 2
1st Enrollment & re-enrollment Graduates 1996

Field Total Men Women Total Men Women
LI L O 59,913 36,128 23,785 11,164 6,702 4,462
Agricultural SCIENCES.......c.ccvveverererirnen, 1,368 1,032 336 431 347 84
Common CYCle.......cuvvreeerireireerennne 15 9 6 0 0 0
AGIONOMY...vivverereiesiieeeeseieree e 786 610 176 271 224 47
Forestry development.............cccoonnee. 69 54 15 22 15 7
Veterinary & zootechnics................... 498 359 139 138 108 30
Health SCIENCES.......cccvvvviciiiicciea 2,032 1,007 1,025 536 263 273
Biomedicine 161 76 85 67 29 38
NUISING .. cvevererereiee e 39 2 37 32 30
Pharmacology.........ccevierenieninnns 97 31 66 18 12
MEICINE. ....eeervrrecereirereeeseeeiserenenes 445 257 188 74 49 25
Nutrition..... 35 17 18 27 11 16
Dentistry 143 72 71 38 18 20
Other specialties.............ccoevreererernas 446 206 240 9% 52 44
PSyChiatry.......cceuvereeeninieneeeiniens 21 12 9 4 3 1
Public health 633 332 301 180 93 87
Natural & basic sciences...........couvune.) 3,028 1,842 1,186 616 396 220
ASITONOMY...cvvieriereisiceisiereiseieis 15 9 5 1 0 1
BIOPhYSICS.....cveveeeeccreeeeeeerees 4 1 3 0 0 0
BiOIOGY....vvvveeeererieieieereceieend 727 335 392 124 66 58
BIioChemIStIY......c.coovieevieeeeieicieeerens 105 52 53 8 5
SCIBNCES ... 75 39 36 19 11
ChemiStIY.....ccovrrreeeneereireneeseeeeens 432 199 233 89 40 49
Earth SCIENCES......covvvveeerieriiniinns 244 205 39 37 32 5
Sea sciences.... 230 133 97 53 36 17
[ 1010) (010 | 197 109 88 3 15 16
PhYSICS.....cvvvieieieieeree i) 623 490 133 190 149 41
MathematiCs.........veeeevremrerrerrrireieneend 377 270 107 64 47 17
Social & administration sciences........... 29,469 18,204 11,265 4,505 2,788 1,717
AdMINISLrAtioN. ... 27 12 15 2,669 1,814 855
Anthropology & archeology................ 16,923 11,128 5,795 58 25 3
Archives & library sciences................ 171 87 84 4 3 1
Political SCIENCES. ......c.vvrererrrerrieinen 72 22 50 86 51 35
Social SCIENCES.......cvvvrrerirrireinieiriens 603 324 279 180 90 90
Communication SCIENCes................... 518 251 267 54 25 29
International trade...........ccovvirieninnes 116 68 48 1 1 0
ACCOUNING. ... 510 299 211 19 10 9
8 U 2,851 1,828 1,023 349 216 133
Economy & development................... 2,104 1,430 674 354 230 124
Latin american studies............coc...... 169 80 89 21 12 9
Taxes & finances...........c.cccceuvveeennen. 2,425 1,623 802 246 166 80

See SOURCE at end of table.
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Appendix table 3. Master's student population in Mexico by field, 1997 (Continued)

Page 2 of 2

1st Enrollment & re-enrollment Graduates 1996

Field Total Men Women Total Men Women
PSYChOIOQY....cuvvevereeeeieieeeneereieinns 2,248 640 1,608 398 102 296
AQVETSING. ... 47 17 30 3
Industrial relations............covvvnirnen. 98 50 48 0
International relations............cc.ccveee. 54 25 29 1
Tourism 31 16 15 0
Sales & marketing........c.coeeevenveerennns 172 101 71 55 37 18
Education & humanities..........c.ccceevenn.n) 13,792 6,253 7,539 3,051 1,380 1,671
FiNE @rS......ccevveriereirernineireeeniies 265 107 158 50 24 26
SPOItS SCIENCES.....cvevevevererireiereiiriins 58 51 7 12 7 5
10 [UToF: 1103 SO 10,455 4,716 5,739 2,053 916 1,137
Normal education...........c.ocveerereennns 1,449 651 798 567 258 309
PhiloSOphY........ccvvereeeinieineireieiiens 453 280 173 110 68 42
HISTOMY ..o 454 206 248 84 38 46
HUMANIGIES. ... 99 37 62 34 16 18
LanguageS......covvuirernnieeniiersinnnnns 12 5 7 21 5 16
LItErature......oveeerrereeeereneereeeisneennes 438 154 284 82 31 51
LINQUISEICS. ... 109 46 63 38 17 21
Engineering & technology...................... 10,224 7,790 2,434 2,025 1,528 497
CommMON CYCIE....cvveverirereriereiieenas 12 7 5 0 0 0
Architecture & design...........ccevennee. 1,150 770 380 139 103 36
Biotechnology..........cccovveveevevererennnas 324 174 150 9% 43 53
SCIENCES. ... 95 57 38 24 9 15
Computation SCIENCES........ccevrevivnnes 1,976 1,478 498 461 351 110
Environmental engineering................ 497 332 165 119 71 48
Civil engineering..........cccoeeveevreerennn. 1,424 1,188 236 259 213 46
Electric engineering & electronics.....| 1,116 992 124 240 211 29
Extraction engineering,

metal.& energy.......ccoeveevevevennnn. 185 151 34 34 27

Physics engineering..........ccco.eveennens 15 15 0 4 4
Hydraulic engineering............cccocvue.. 122 96 26 43 33 10
Industrial engineering............ccvveee. 1,404 1,114 290 227 185 42
Mechanical engineering............c.co..... 513 491 22 113 107 6
Fishing engineering..........ccoeeveevevnnnnns 38 26 12 17 1 6
Chemical engineering..........cccoceeeunee 416 289 127 73 55 18
Transports engineering..........c.o.e..... 74 57 17 34 32 2
Planning.......c.cooevvveevieiinesieenenens 592 441 151 55 38 17
Nutrition engineering..........ccceoveeeenes) 251 96 155 87 35 52
Wood technology........c.cccoovevevvennnne. 20 16 4 0 0 0
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Appendix table 4.

Specialization student population in Mexico by field, 1997

Page 1 of 2
Field 1st Enrollment & re-enrollment Graduates 1996
Total Men Women Total Men Women

.................................................................... 21,625 11,895 9,730 8,305 4,451 3,854
Agricultural SCIENCES.......cccvvevevriviereererererenans 82 69 13 53 48 5
AGIONOMY....viveeiieeirieieesineeie e 16 13 3 24 23 1
Veterinary & Zootechnics............covvrienn. 66 56 10 29 25 4
12,391 7,196 5,195 3,812 2,194 1,618
811 682 129 193 179 14
NUISING.ovo e essseseeseeseeseeens 181 11 170 166 9 157
Pharmacology..........oovereereeeiirniinieneens 22 8 14 0 0 0
MEICINE. ... 6,714 4,008 2,706 1,940 1,187 753
NUEFEON. c1o e 17 8 9 0 0 0
DENLSHY.c.vovverereereerreersreressssessesseseeseeeeseennd 988 419 569 411 180 231
Other specialties?..........covvvrerrrrrnrrnrinnenns 3,310 1,868 1,442 980 570 410
PSYChIALrY.....coceeeeieireesee e 66 33 33 29 19 10
Radiology.......coeveveverereeeeeeeeee e 160 87 73 44 27 17
Public health..........ccccoevnnerenninen] 122 72 50 49 23 26
Natural & basic SCIENCES.........ourvriereeriiriinennd 168 91 77 59 31 28
BIOIOGY....vveveeveererereesse e 17 12 5 10 8 2
BIiOChEMISHY.....oveeececeee e 31 9 22 12 3 9
ChemIStrY....c.ceviceeeriee e 28 20 16 9 7
Earth SCIENCES......ovvverieireeerereiees 8 5 7 5 2
MathematiCs........covvevreerreereinieerirreeriirenes 84 45 39 14 6 8
Social & administration SCIENCES...........venen. 6,117 3,013 3,104 2,946 1,481 1,465
AAMINISIAtIoN. ... 1,083 542 541 608 290 318

Political SCIENCES......cvuvvrrirerrerreirerrieineine] 0 0 0 25 23

S0Cial SCIENCES......ovviereiereeerieiine 101 12 89
Communication SCIENCES..........verreeerernnens 30 5 25

International trade..........cccvevveeneerenincinienns 134 71 63 92 60 32
ACCOUNEING.cv.vevvevevreeereeee s 84 55 29 12 7 5
LAW. e 1,359 715 644 756 404 352
Economy & development...........ccccoveereens 47 26 21 29 13 16
GEOGraPhY..c.cvevecverece e 0 0 0 8 7 1
Taxes & fiNanCes........cccvvvverrenrerieinrerns 2,231 1,232 999 912 519 393
PSYChOlOgy........covvvevveieieiiieieiecesie s 558 150 408 240 55 185
AAVEIISING. ..o e 55 12 43 22 0 22
Sales & Marketing.......ceeveeeevcereeenenns 435 193 242 228 97 131
Education & humanities..........cccovereirninns 1,513 618 895 704 235 469
EAUCALION. ... 1,467 588 879 658 221 437

Philosophy 0 0 0 2
HIStOMY ... 35 25 10 5 4
LaNQUAGES.....ouveeereeeireireieisirriseiseeseieenens 1 1 1 5
LItQrature.......o.oooveveieiiiiiiii 10 5 28 6 22

See explanatory information and SOURCE at end of table.
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Appendix table 4. Specialization student population in Mexico by field, 1997 (Continued)

Page 2 of 2
Field 1st Enrollment & Re-enrollment Graduates 1996
Total Men Women Total Men Women
Engineering & technology...........cccccevvvevennnne, 1,354 908 446 731 462 269
Architecture & design........ccvvverveenrieeennn 9% 54 42 34 14 20
Biotechnology.......ccovveevveervereeiiieiiienenns 8 6 2 9 3 6
Computation SCIENCES........cvvvrerrerierierirnennd 202 3 71 26 15 1
Environmental engineering.. 98 2 26 60 41 19
Civil eNGINEEIING. ...vcveveveieiieeceee e 145 125 20 73 66
Electric engineering & electronics.............. 34 27 3 3
Extraction engineering, metal. & energy..... 42 37 14 14
Hydraulic engineering..........ccceveevvvvvrerene. 13 13 0 14 13 1
Industrial ENgINEENING.......ccevvveverirerererernns 591 362 229 482 284 198
Fishing engineering.........c.cocveveeeererneinens 44 42 2 0 0 0
Textile engineering.........cooceeeereerereereenenene 12 7 5 9 5 4
Nutrition engiNeering........ccccevevevvvevereverenans 64 27 37 7 4 3
W00d teChnology.......coocooviviiiiiiie 5 5 0 0 0 0
2 63 Specialties
SOURCE: Asociacion Nacional de Univeridades e Instituciones de Educacion Superior (ANUIES). Anuario Estadistico, 1997.
Append able aduates by level o d exico, 1984-96
Level 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996
6,634 7,047 6,896 7,869 9,916] 11,159 9,885 11,548| 12,097 12,060 13,632 18,291 16,276
268 390 324 561 382 347 618 615 536 658 802 863 798
192 217 245 340 250 377 323 324 317 387 494 472 532
864 1,018 862 1,227 1,033 836 1,168 1,318 1,445 1,490 2,112 2,603 2,818
1,813 1,913 1,896 2,027 4,503 5,286 3,807 4211 4,035 3,110 3,024 4109 4451
Social SCIences..........occeue. 3497 3,509 3,569 3,714 3,748 3,313 3,969 5,080 5764 6,415 7,200( 10,244 7,677
Specialization.............cooceeeeee. 2,749 2,793 3,036 2,939] 2939 5,553 4,525 5,835 6,035] 5,616 5,963 7,764] 7,601
Basic & natural sciences...... 25 18 11 69 75 26 47 47 51 110 114 123 59
Agricultural sciences............ 19 42 72 47 47 43 25 68 53 106 116 79 53
Engineering...........coceovcveenen. 195 239 218 226 226 270 198 268 409 463 727 934 731
Health. ..o, 1,535 1,622 1,572 1,657 1,657 4133 3,538 3,931 3,680] 2814 2,609 3,517 3,812
Social SCIENCes..........ccevne. 975 872 1,163 940 9401 1,012 717 1,521 1,842 2,123 2,397 3111 2,946
MaSEr'S.....coverrreriereieine 3,640 4,077 3,704 4,758 4,185 4,401 5,091 5,475 5749 6,092 7,181 10,008 8,113
Basic & natural sciences...... 231 343 285 448 280 296 487 499 405 465 568 633 616
Agricultural sciences.... 170 173 164 290 184 328 294 253 255 276 368 373 431
Engineering...........cocevcveenen. 669 776 642 994 760 702 962 1,039 1,009 995 1,345 1,614 2,025
Health. ..., 268 270 319 340 338 262 234 239 319 254 362 533 536
Social Sciences...........oc.vu.. 2,302 2,515 2,294 2,686 2,623 2,813 3,114 3,445 3,761 4,102 4,538 6,855 4,505
DOCLOrate......oveeeeeeereireinene 245 177 156 172 178 204 269 238 313 352 438 519 572
Basic & natural sciences...... 12 29 28 44 27 25 84 69 80 83 120 107 123
Agricultural sciences.... 3 2 9 3 3 6 4 3 9 5 10 20 48
ENgineering........co.oervveenenes 0 3 2 7 3 3 8 11 27 32 40 55 62
Health.......ocveininine, 10 21 5 30 32 48 35 41 36 42 53 59 103
Social sciences.................... 220 122 112 88 113 122 138 114 161 190 265 278 236

SOURCE: Asociacion Nacional de Univeridades e Instituciones de Educacion Superior ANUIES, Anuarios Estadisticos de Posgrado, 1985-96.
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Appendix table 6. Statistical profile of U.S. doctorate recipients from Mexico, by major field of doctorate, 1988-96

Page 1 of 2
) Total | Physical Earth/ .| Computer/ Lo Bio. | Agric.| Psych/ | Non- " .| Health| Proff other
Item Total all fields ) atmos/ | Mathematics| . - | Engineering . . S Humanities [ Education ) )
S&E SCi. ocean Sci. info. sci. sci. | sci. |social scif S&E SCi. fields
TOtal PRD.S2 ... - 14| 11 102.0 61.0 68.0 26.0 238.01230.0{198.0 203.0| 233.0 91.0 63.0] 41.0 38.0
MEN..otir e % | 80.7] 83.3] 88.2 93.4 92.6 100.0 92.0[ 70.9( 88.9 70.9| 68.2 65.9 58.7| 68.3 89.6
WOMEN......oiiiicccee s % | 19.3] 16.7 11.8 6.6 7.4 0.0 8.0 29.1] 11.1 29.1] 31.8 34.1 41.3] 317 10.6
Permanent Visa.........c.cooeeerieneniniennnnnneennd % | 18.0] 15.7 15.7 19.7 16.2 16.4 13.0f 13.9| 15.7 19.7] 28.8 38.5 23.8] 19.6 23.7
TEMPOTAIY VISA....vuvvriverreiriieiseiiressesseensenssessenns % | 82.1] 84.3] 843 80.3 83.8 84.6 87.0( 86.1( 84.3 80.3[ 71.2 61.5 76.2| 80.5 76.3
MAITIEU.......cveveiieieieicse ] % | 65.6] 65.9] 54.9 63.9 61.8 53.8 70.2| 63.9 81.3 57.1f 63.5 57.1 65.1| 68.3 71.1
NOt MAITIEA. ... % | 30.0] 29.6] 422 29.5 32.4 385 26.9] 33.0f 13.1 36.5| 32.2 39.6 30.2] 25.8 23.7
UNKNOWN......ocviviircisisicess e % 45| 45 2.9 5.6 59 7.7 29[ 3.0 56 6.4 4.3 3.3 48 4.9 53
Median age at Ph.D......ccccocovvrievcnincincieinend Yrs.| 345 340 31.8 355 32.3 325 33.2] 33.7 36.0 35.2] 36.3 36.2 37.7) 34.8 36.2
Percent with dependents.......c.cocoieeiiiiincennee % | 60.6] 61.0] 52.0 62.3 67.4 60.0 63.4] 56.5 81.3 50.2] 58.4 52.7 54.0 63.4 73.7
Sources of st nmrtb
PEISONAL....covreierieiriieieie e % | 46.9] 43.0] 40.2 32.8 27.9 60.0 46.6] 39.6| 38.4 66.7| 65.7 78.0 54.0 53.7 68.4
FOreian 0OVErMMENL...........cvvereneniereerereeenens % | 45.0[ 48.8] 314 41.0 48.5 57.7 46.6| 50.4| 70.2 38.4] 26.6 11.0 36.5 51.2 21.1
UNIVEISIEY. ..ottt % | 77.8] 78.4] 94.1 73.8 89.7 76.9 85.7| 77.4| 58.6 80.3[ 74.7 84.6 58.7| 73.2 78.9
Technoloay assSiStant..........c.veeeeneereeeinneen. % | 44.0| 42.5| 68.6 32.8 70.6 42.3 45.8| 34.3| 152 54.7| 61.5 76.9 30.2[ 22.0 57.9
Research assistant........ooveveneneeeineinennens % | 48.9| 52.9] 804 67.2 30.9 50.0 66.4| 50.9( 48.0 34.00 29.2 154 25.4] 63.4 31.6
Other UNIVEISItY.......ccoeerveverreeere e, % | 225 21.5 17.6 18.0 25.0 30.8 17.2| 21.7| 14.1 34.0[ 27.5 38.5 23.8] 17.1 18.4
OLNBT vt % | 219 20.9 13.7 18.0 10.3 19.2 14.3] 22.2| 14.6 41.4) 27.0 16.5 3491 29.3 36.8
% 3.8 3.9 2.9 8.2 2.9 3.8 3.4 3.0] 35 54 3.4 1.1 3.2 4.9 7.9
edian time lapse from baccalaureate to Ph.D.
Total time........... Yrs. | 10.3] 9.9 8.6 115 8.1 8.9 10.0] 9.1 11.8 10.1{ 12.0 10.0 133 124 14.0
Registered time Yrs. 6.5 64 6.8 7.3 5.8 5.4 6.4 65] 58 6.8 7.3 7.3 7.0 84 7.3
Planned location after PhD
Permanent Visas...........ccoeevvereunvensnersennesessssennens % | 244.0{ 177.0] 16.0 12.0 11.0 4.0 31.0] 32.0[ 31.0 40.0] 67.0 35.0 15.0( 8.0 9.0
U.S. t0tal e % | 713 68.9] 813 58.3 81.8 D 67.7] 75.0[ 484 75.0] 77.6 85.7 73.3] 62.6 66.7
SHUAY. v % | 26.4] 34.4] 385 42.9 444 D 33.3| 54.2 13.3 26.7 1.7 10.0 9.1 0.0 0.0
Employment % | 70.1 62.3] 615 57.1 55.6 D 61.9] 33.3[ 86.7 73.3| 88.5 83.3 90.9( 100.0 100.0
Unknown... % 35| 33 0.0 0.0 0.0 D 4.8 12.5( 0.0 0.0] 38 6.7 0.0 0.0 0.0
NON-U.S.iiieis s % | 18.9] 22.0] 126 33.3 18.2 D 12.9| 18.8| 48.4 12,5 104 8.6 13.3] 25.0 0.0
Unknown 10Cation. ..o % 98] 9.0 6.3 8.3 0.0 D 19.4 6.3] 3.2 12.6) 11.9 5.7 13.3] 125 33.3

See explanatory information and SOURCE at end of table.



Ll2

Appendix table 6. Statistical profile of U.S. doctorate recipients from Mexico, by major field of doctorate, 1988-96 (Continued)

Page 2 of 2
) Total | Physical Earth/ .| Computer/ N Bio. | Agric.| Psych/ | Non- » .| Health| Proff other
Item Total all fields ' atmos/ | Mathematics| ", . | Engineering i , s Humanities | Education . '
S&E Sci. ocedn S info. sci. sci. | sci. [social sci| S&E Sci. fields
% 1.11949.0] 86.0 49.0 57.0 22.0 207.0{198.0|1167.0 163.0] 166.0 56.0 48.0 33.0 29.0
% | 30.9] 31.1] 55.8 26.5 22.8 50.0 39.1) 35.4( 12.0 23.9] 29.5 375 20.8] 33.3 24.1
% | 54.1 59.71 79.2 69.2 46.2 18.2 46.9( 92.9] 50.0 20.5] 20.4 9.6 20.0] 54.6 0.0
% | 44.8] 39.0] 2038 23.1 53.8 81.8 53.1f 5.7 50.0 74.4( 79.5 90.5 80.0] 455 100.0
% 12| 14 0.0 7.7 0.0 0.0 0.00 14| 00 51 00 0.0 0.00 0.0 0.0
% | 61.2| 61.4] 40.7 65.3 70.2 40.9 49.3] 61.1) 77.8 69.9] 59.6 55.4 68.8] 54.5 58.6
% 80| 75 3.5 8.2 7.0 9.1 11.6 3.5/ 10.2 6.1 10.8 7.1 104 121 17.2
Planned location in the U.S. after Ph.D.................. n 518 417 51 20 2 14 102 94| 35 69| 101 51 21 16 13
Definite postdoc. Study........ccceeevervvrienninnns % | 28.8] 33.8] 475 35.0 22.7 14.3 23.5| 62.8 22.9 10.2f 7.9 59 9.5 18.8 0.0
Definite employment..........cccooeevvevrcsiresnennns % | 33.8] 30.2] 148 20.0 50.0 42.9 4311 7.4] 34.3 47.8| 48.5 54.9 28.6] 31.3 76.9
Seeking postdoc. StUdY..........ccoeeerrierniernrieinnns % | 16.0 185 23.0 25.0 22.7 0.0 20.6] 20.0[ 114 13.0f 5.9 3.9 48 18.8 0.0
Seeking employment.........occoevvveevieeinieennnas % | 19.5| 15.6 14.8 15.0 45 42.9 11.8] 5.3| 314 26.1] 35.6 314 57.1 31.3 23.1
Postdoc. plans unknown............cccceevevcenevenennd % 1.9 19 0.0 5.0 0.0 0.0 1.00 43| 00 29| 20 3.9 0.0 0.0 0.0
Definite employment plans in U.S. after Ph.D...1 n 175 126 9 4 11 6 i 7] 12 33 49 28 6 5 10
Primary work activity
RED ...ttt % | 45.1] 53.2 88.9 D 18.2 100.0 56.8( 42.9( 83.3 33.3| 24.5 14.3 50.0 D 20.0
TEACKING.....ccviiiiecreee e % | 354 27.0f 111 D 72.7 0.0 20.5| 28.6| 0.0 42.4] 57.1 60.7 50.0 D 70.0
AMINISIIALIVE. ... % 29| 16 0.0 D 0.0 0.0 2.3 0.0/ 00 30| 6.1 10.7 0.0 D 0.0
Professional SEIVICES........vwierieneerereereriernisnesd % 57 7.9 0.0 D 9.1 0.0 9.1 14.3] 83 6.1 0.0 0.0 0.0 D 0.0
OLNBT vt % 1.7 24 0.0 D 0.0 0.0 2.3 1431 0.0 3.0 0.0 0.0 0.0 D 0.0
UNKNOWN. .. s % 9.1 7.9 0.0 D 0.0 0.0 9.1 0.0] 83 12,1 12.2 14.3 0.0 D 10.0
Tvpe of emplover
Educ. INSHLULIONS.......c.cvveeveceeee s % | 59.4( 49.2] 111 D 90.9 16.7 432 42.9] 41.7 56.7) 85.7 85.7 100.0 D 90.0
INAUSETY/BUSINESS.....ovvereciirrereieincseeeeeessssesenseens % | 29.7] 38.9] 66.7 D 9.1 83.3 52.3| 42.9( 50.0 6.1 6.1 7.1 0.0 D 0.0
GOVEIMMENL.....ieivirircieirirereisieieise s % 40( 56 111 D 0.0 0.0 45 0.0 83 9.1 00 0.0 0.0 D 0.0
NON-PIOfIL...vvscvciereieer e % 17 08 111 D 0.0 0.0 0.00 0.0] 0.0 00| 41 3.6 0.0 D 10.0
Other and unknown... % 51 56 0.0 D 0.0 0.0 0.00 14.3] 0.0 182 4.1 3.6 0.0 D 0.0

& This table includes all citizens of Mexico who indicated a visa status (permanent of temporary visa). Those with unknown visa status are not included.

® In this table a recipient counts once in each source category from which he or she received support. Since students indicate multiple sources of support, the vertical percentages sum to more than 100 percent. "Personal”
includes a recipient's own eamings, family support, and loans. Federal research assistants are aggregated with university research assistants.

¢ Includes 2-year and 4-year colleges and universities, medical schools, and elementary/secondary schools.
KEY: D = Data withheld to avoid potential disclosure of confidential information.
SOURCE: National Science Foundation/Division of Science Resources Studies, Survey of Eamed Doctorates.



Appendix table 7. Fellowships administered by CONACYT, 1980-96

Fellowships
Total National Foreign

4,618 3,049 1,569

4,340 2,309 2,031

1,801 826 975

2,540 2,072 468

2,033 1,611 422

2,608 2,032 576

1,843 1,468 375

2,220 1,822 398

2,235 1,791 444

1,677 1,368 309

2,135 1,660 475

5,570 4,181 1,389

6,665 5,103 1,562

9,492 6,988 2,504

11,703 9,170 2,533

16,200 12,840 3,360

18,079 14,333 3,746

KEY: Ip = Preliminary figures
SOURCE: National Council of Science and Technology Studies
(CONACYT), Mexico.
8. Fello DS ad ered D ONA D ay leve 980-96
Total Master's Doctorate Postdoctorate Other

4,618 2,138 311 9 2,160
4,340 1,677 368 23 2,272
1,801 377 88 3 1,333
2,540 1,481 319 20 720
2,033 1,135 303 19 576
2,608 1,256 364 14 974
1,843 821 268 12 742
2,220 1,083 317 1 809
2,235 1,006 351 21 857
1,677 873 286 19 499
2,135 1,142 453 17 523
5,570 3,448 1,749 22 351
6,665 4,412 2,184 13 56
9,492 6,534 2,569 43 346
11,703 8,056 3,167 53 427
16,200 11,776 4,424 0
1996/p....covvveriininenn 18,079 12,479 5,269 331

# Includes specialization scholarships, interchange, actualization, language, technical training, and special
projects. Data are preliminary.

KEY:

Ip = Preliminary figures
SOURCE: National Council of Science and Technology Studies (CONACYT), Mexico.
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Appendix table 9. The 50 universities in greatest demand by CONACYT fellowship-holders

University Country
1. The University of AfZONA...........ccoovvvviveieeirereeeneeie e United States
2. Harvard UNIVETSIEY.........coevviriieieieecceererevere e United States
3. Universidad Complutense de Madrid............ccoovvrenernercrieeinnens Spain
4. Stanford University.........c......... United States
5. University of Texas at Austin United States
B. TEXAS AGM.....coiiiiees e United States
7. CONEIl UNIVEISILY......cvcverirceeiiere et ssesns United States
8. Columbia UNIVEISItY......cccvvriveiiieiieeisessse e United States
9. University of Manchester Institute of S&T ... United Kingdom
10. UNiversity 0f WarWICK..........coeverinieneninsiessssessssssesssnns United Kingdom
1 PP United States
12. New Mexico State UNIVETSItY........ccvrevrreeirnsnnssssessesnsesens United States
13. UNIVEISILY Of ESSEX.....uivireieicinirieireeiseis e United Kingdom
14. Universidad Autonoma de Barcelona..........c..coeeereereeeereirenieneens Spain
15. Imperial College of SIT and MediCINg.........ccccvvveveveeerereriiriinnnn United Kingdom
16. GEOraetoWN UNIVETSILY.......ccvrreeererirersisnsreressseeessssseesssssssesesnnes United States
17. Universidad Politécnica de Catalufia...........c.ewerrereereerrerernienennenns Spain
18. U.London the London School of Econ. & Pol.Science.................. United Kingdom
19. University of MIChIgaN..........ccoveveiveeieeeeceecceeeeeeeeevee e United States
20, UCLA. ..o United States
21, UC BEIKEIBY.....vvcvvercreicietieis et nn United States
22. University of lllinois at Urbana Champaidn............cccceeveencvnnnnnn. United States
23, UC DAVIS.....ucviveiririiisicisis ettt United States
24, University of PENNSYIVANIA...........ccoverviercnieeeiese e United States
25. NEW YOrK UNIVEISItY.....c.cvvevriveriercresieissieessie s sssesssnnes United States
26. Northwestern UNIVETSItY..........cooeerereeniereieseesiee e esessssnens United States
27. Universidad de Barcelona. Spain
28. UNIVersity of MCGIll........covvreeeriiieeiesssesssse s Canada
29. Yale UNIVEISILY......cccvireeiriinriieieriessissesss s sssesens United States
30. University of EAINDUIOUAN. ..o United Kingdom
31. University of Cambridae. ........ocveeereerieieisnsneneeeennd United Kingdom
32. University of Sheffield United Kingdom
33. University of Oxford........ United Kingdom
34. University of Reading United Kingdom
35. UNIVETSILY Of SUSSEX....vuvvreerceiereiseineeeiereieeessss s United Kingdom
36. UnIVersity of TOTONL0.........cccovrevernreineeiieissesssseessesesseessessseened Canada
37. University Collede LOndon...........ovvrienrnirnieniiniensinenseseeneeees United Kingdom
38. Universite Pantheon Sorbonne-Paris |..........ccccoveveeieninrcnnins France
39. University of SOUthampton...........ccoueveveenieeieeeee s United Kingdom
40. Universidad de SalamanCa.........cccveeeernrnineninneneneieennesd Spain
41. Universidad Autdnoma de Madrid.............ccccoevverrrnrenenceneenneneeneens Spain
42. University of British Columbia............cccvvvvveniieeesieee e Canada
43, UNIVErSIty Of Laval.......cccoveveeircerscssc e Canada
44, Institut National Polvtechnique de Grenoble............ccccvvvvvvinennn France
45, Ecole de Hautes Etudes en Sciences Sociales........cccccvveerrennnnn. France
46. Institut National Polytechnique de TOUlOUSE............cccevvrereeerernens France
47. Université Pierre et Marie-Curig-Paris Vl..........ccceecveerecrierenns France
48. Universidad Politécnica de Madrid.............oeeeienerneenirencrneenns Spain
49, Université de Paris Sud Paris Xl........cccccecvieveeienererecnieienenns France
50, UNIVEISItE Paris Voo France

SOURCE: National Council of Science and Technology Studies (CONACYT), Programa de CyT 1995-2000, Mexico.
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Appendix table 10. Estimated cost of fellowships in Colombia and abroad, 1998

Maintenance Enroliment Fees Pasantia® Total
LY ITCCT: O 1,100 x 48 = 52,800 6,000 x 8 = 48,000 100,800
Colombia®..........c.cccee. 725 x 42 = 30,450 2,140 x 8 = 17,120 1,100 X 6 = 6,600 54,170

a Visit to a foreign university.

b For the calculation of the value of a scholarship in Colombia, an exchange rate of 1,400/dollar and a monthly maintenance allowance equivalent to
five minimum salaries was used. For domestic fees, it is assumed that the value in constant pesos is a little less than half the cost in foreign
prestigious universities. The costs of travel, installation, books, computer, etc., cancel each other, for the domestic scholarship incudes a pasantia
of some 6 months in a foreign university.

SOURCE: The Columbian Institute for the Development of Science & Technology (COLCIENCIAS), Comité Externo de Asesoramiento y
Seguimiento - CEAS, 1998.

Appendix table 11. FUNDAYACUCHO educational Appendix table 12. Fellowships by the UVC Science &
loans and fellowships, 1990-96 Humanities Development Council by level, 1958-96

Total Venezuela Abroad Level Total | 1958-66| 1967-76] 1977-86] 1987-96

577 398 179 o) RN 603 24 124 284 171

863 367 496 Specialization...| 118 23 38 % 2

400 157 243 Master's............. 187 0 9 9 49

2 146 566 Doctorate.......... 292 1| 47| 155 88

o4l 157 384 Postdoctorate.... 1 0 0 0 1

321 122 199 Research........... 5 0 0 5 1

614 194 420 SOURCE: Science & Humanities Development Council (CDCH) and the

SOURCE: Gran Mariscal de Ayacucho Foundation Central University of Venezuela (UCV).
(FUNDAYACUCHO).
Append aple ello pS b e ence & a es Developme 0 D
py Ta 958-96
Faculty Total 1958-66 1967-76 1977-86 1987-96
TOtal oo 603  (100.0) 24 (4.0) 127 (21.1) 286 (47.4) 166 (27.5)
AGIONOMY.....covvivriverreiieesereienerinenns 94 (15.6) 1 34 41 18
Archeology & urbanism...............cc..... 18 (3.0 1 2 8 7
SCIBNCES....veeeerereieireie e 152 (25.2) 2 38 68 44
ECONOMIC SCIENCE.......cevveeieririreenns 41 (6.8) 5 4 18 14
Juridical SCIENCE........ccvvrevrireriieinn 4 (0.7) 0 1 1 2
VELErNAIY.....coovveiiveireieereees e 28 (4.6) 2 1 22
Pharmacy........ccoeveveneneninenininns 16 (2.7) 0 2 12

Humanities & education.................... 69 (1.4) 3 8 30 28
ENQINEEriNgG.......vveerevreererireereercrrenene 57 (9.5) 4 14 28 11
MEdICINE. .....oevvreceeereieireeeieenane 80 (13.3) 5 14 37 24
Odontology.......ceurevvrerirerreriirerierans 44 (7.3) 1 9 21 13

SOURCE: Science & Humanities Development Council (CDCH) and the Central University of Venezuela (UCV).
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MoBILITY PROGRAMS FOR SCIENTISTS AND ENGINEERS

IN LATIN AMERICA
Hebe Vesauri

Although Latin American and Caribbean countries
have made systematic efforts to develop a framework
for cooperation and integration, few of the existing frame-
works have contributed significantly toward financing
science and technology (S&T) cooperation. However,
there is growing awareness of the need to increase na-
tiona support for innovation; in addition, multilaterd ingti-
tutions (especialy banks) have played asignificant rolein
Latin Americain shaping technologica development. The
Inter-American Development Bank and the World Bank
are key playersin funding S& T development projects.

Other multilateral organizations have been active,
given the resources available to them, in supporting the
S& T basein the region as well; these include the United
Nations Educationa, Scientific, and Culturd Organiza-
tion (UNESCO), the Ibero-American Program of Sci-
ence and Technology Development (CY TED—described
below), the Inter-American Organization for Higher Edu-
cation based in Quebec City, and the Inter-American
Association of Associationsfor the Advancement of Sci-
ence (Interciencia). All of these organizations have apro-
gram component addressing mobility of scientists and
engineers. Additionally, numerous bilatera programs ex-
ist among the various Latin American countries, notably
through their National Organizationsfor the Promotion of
S&T (ONCYTys).

Thisbrief paper highlights some of the most signifi-
cant organizations and initiatives involving mobility pro-
grams for scientists and engineersin Latin America

MuLTILATERAL ORGANIZATIONS

CYTED. Created in 1984 by an agreement signed
by 21 Ibero-American countries, CY TED’s main objec-
tive is to foster cooperation among research groups at
universities, research and development (R&D) centers,
andinnovativefirmsin Ibero-American countriesto achieve
transferable S& T results for productive systems and so-
cia policy. It dso amsto be a bridge for S& T coopera-
tion between Latin America and the European Union
through Spain and Portugd. It is made up of 16 thematic

subprograms that range from agquaculture to S& T man-
agement. It also comprises thematic networks; these are
associations of research units of public or private organi-
zations in CYTED countries whose S& T interests and
activities are related to the particular network’s theme.
Although the creation and specialization of human re-
sources is not CYTED’s primary aim, it does conduct
considerable activity in this area. CYTED’s human re-
source cregtion activities are mainly directed at network
and project components and, secondarily, to other collec-
tives of researchers, teachers, and professionals. These
formation activities within CY TED are co-funded. Only
those oriented to the improvement of capacity building of
thegroups participatingin CY TED projectsmay befunded
entirely through subprogram funds.

Regarding scientific cooperation, one of the most
recent and interesting efforts involves the establishment
of Latin American Science Networks in several mgjor
fields. These networks are sponsored by UNESCO and
the International Council of Scientific Unions through the
Committee on Science and Technology in Developing
Countried/International Biosciences Networks; they also
receive support from the Latin American Academy of
Sciences. They have formed a coordinating committee
for the discussion of policies and problems affecting the
entire scientific community in the region, aswell asinter-
disciplinary topics and projects. For their members, the
networks have drawn largely on existing scientific societ-
ies and a variety of organizations that bring scientists of
the region together in the different disciplines, which means
that they are highly representative and well-equipped to
work with the respective communities. One of their main
activitieshasbeento fogter interregiona exchangesamong
young scientists. They are also administering government
support and seeking to generate regional mechanismsfor
the integration and financing of joint effortsin S&T.

Examples of these networks of research and ex-
change follow.

Latin American Astronomy Network
(RELAA). Thisnetwork has along-standing tradition of
cooperation with members of the Internationa Astronomi-
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ca Union. Following a recent impetus from the Interna-
tional Council of Scientific Unions and UNESCO, more
systematic cooperation has been established among the
member countries, namely Argentina, Brazil, Chile,
Mexico, Uruguay, and Venezuda.

Latin American Biological Sciences Network
(RELAB). This is the oldest of the S& T networks,
launched in 1975 with the sponsorship of the United Na-
tions Development Programme (UNDP) and UNESCO.
It currently has 14 national, 6 regional, and 2 associate
members. RELAB has integration projects at various
stages of implementation, including the Regiona Program
of Biotechnology. Launched with support from UNDP,
UNESCO, and the United Nations Industrial Develop-
ment Organization in 1987, this program has been operat-
ing since 1996 with funds from various donors and coun-
tries. From the outset, the program has supported the es-
tablishment of the Argentine-Brazilian Center for Bio-
technology.

Latin American Biotechnology Network. An
offshoot of RELAB operating since 1992 with the sup-
port of national committees, this network has contributed
to policymaking, the establishment of infrastructure, and
an increase in investment in biotechnology.

Latin American Physics Network (RELAFI).
There is along-standing practice of cooperation in phys-
icsthrough the Latin American School of Physics, abien-
nia event held since 1959, and the Latin American Cen-
ter for Physics (CLAF), which has systematically sup-
ported regional activities. In 1994, the Latin American
Network of Physics Societies (RELASOFI) was created,
comprising CLAF and the 16 physics societies or groups
that make up the Latin American Federation of Physics
Societies (FELASOFI). In 1996, the Ibero-American
Union of Physics Societies was created in response to
the need for Spanish and Latin American organizationsto
present a united front in negotiations within international
structures.

Latin American Chemical Sciences Network
(RELACQ). Since 1959, the best promoter of academic
exchanges in chemistry has been the Latin American
Federation of Chemistry Associations. In 1995, it was
decided to create RELACQ to give fresh impetus to co-
operation; this network has yielded itsfirst tangible prod-
ucts and has good prospects for growth. RELACQ hasa

counterpart, the Latin American Electronic Network for
Chemistry, supported by the Organization for American
States (OAS).

Mathematical Union of Latin America and the
Caribbean (UMALCA). Thisunion was created at the
same time as RELACQ); its predecessor was a regional
program supported by the French government. UMALCA
carries out and supports a series of activities at the re-
giond leve, including the Latin American School of Math-
ematics and the Regiona Mathematics Network, which
aimsto foster cooperation in research and advanced edu-
cation.

Latin American Association for Space Geo-
physics (ALAGE). This network isvery young—it was
created in 1993—hut very active. There is adso an em-
bryonic Latin American Network for Earth Sciences
(RELACT), which aims to encompass surveys of geol-
ogy, mineral resources, and water supply being carried
out in thebasin of the La Plata River in the context of the
Southern Cone Common Market (MERCOSUR).

Network for the Popularization of Science and
Technology in Latin America and the Caribbean
(RED-POP). This network was established with
UNESCO support and involves most centers in the re-
gion in an exchange of information and experience.

Planning and M anagement of Science& Tech-
nology in Latin America Graduate Programs Net-
work (RED-POST). This network was created in 1989
under UNESCO auspices by formdly established Latin
American university graduate programs granting master’ s
and doctoral degrees, its purpose is to explicitly promote
and channel cooperation and exchange among programs
inthisfied.

UNESCO-UNITWIN. UNESCO has imple-
mented aworldwide system of chairsfor theintroduction
of new themes and subjects in different countries and
regions, often through the pairing of universities, whereby
both teachers and students circul ate and are concentrated
in particular sites. In Latin America, the number of
UNESCO and UNITWIN chairs has been growing con-
siderably, and the International Latin American and Car-
ibbean Ingtitute for Higher Education in Caracasisfirmly
committed to expanding these as a mechanism.
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LATINDEX. The purpose of this regiona coop-
eration project in the field of scientific information and
documentation is to create a computerized system based
on aregional network of information centers in order to
keep up to date a catalogue and index of the scientific
journds published in Latin America and the Caribbean.

BiLATERAL PROGRAMS

Inter-American University Organization (OlU).
Since its foundation in 1980, OlU has fostered exchange
activities between educationd ingtitutions in the Ameri-
cas. In 1983, it created the Ingtitute for University Man-
agement and Leadership (IGLU) with the aim of devel-
opingtraining activities, career development activities, etc.,
for the university and other higher education leaders be-
longing to this organization.

Organization of |bero-American Statesfor Edu-
cation, Science and Culture (OEI). Thisintergovern-
mental organization was created in 1955, with of aim of
strengthening cultura identity in the integration process,
through the promotion of capabilities linked to the socidl,
cultural, and economic development of Ibero-America.
The target group for 1999-2002 will be the 14- to 19-
year-old age group, athough interventions might also be
planned for other populations. Emphasiswill be placed on
supporting policy design and management; as an Ibero-
American organization, OEI will try to reinforce its role
as an agent between the European Union and Latin
America. Itsfunding iscovered by obligatory quotasfrom
the governments of the member states, as well as from
contributions for particular projects made by ingtitutions,
foundations, and other interested organizations.

Collaboration on University Management: A
Bridge Between Universities and Scholars in Eu-
rope and Latin America (COLUMBUS). Since its
creation in 1987, this nongovernmental organization made
up of affiliated public and private universities from both
Latin Americaand Europe has supported the moderniza-
tion of higher education and ingtitutional development in
Latin America, facilitating the exchange of successful
experiences, systematically exploring critical areas of in-
gtitutional management, training senior university officids,
and organizing support services and specific management
projects. It has greatly enhanced international and intra:
regional mobility of university authorities and has effec-
tively contributed to the introduction of an evaluatory cul-
ture in higher education ingtitutions in the region.

Academic and Professional Programs for the
Americas (L ASPAU). Thisnonprofit organization affili-
ated with Harvard University designs, develops, andimple-
ments academic and professional exchange programson
behdf of individuals and ingtitutions in the United States,
Canada, Latin America, and the Caribbean. LASPAU
places ahigh value on therole of exchangeininstitutional
development and on access to exchange programs by all
individuals, regardless of socioeconomiclevel, geographi-
cal location, sex, or race. The organization offersastrong
regiona focus, administrative expertise, and afoundation
in the Harvard community. Drawing on extensive knowl-
edge of the Latin American and Caribbean academic
communities, LASPAU has collaborated with the United
States Information Agency since 1975 in the administra-
tion of aFaculty Development Program which bringsmore
than 150 educators each year from Latin America and
the Caribbean to the United States.

Fulbright-L ASPAU Partner ship. The success of
the LASPAU Faculty Development Program has encour-
aged other associations between the Fulbright Program
and LASPAU, including the Centrd American Program
of Undergraduate Scholarships (CAMPUS), the Ama-
zon Basin Scholarship Program, the Caribbean and Cen-
tral American Ecology Program, cost-sharing initiatives
by Fulbright commissions and United States Information
Science (USIS) offices, and a series of workshops and
seminars offered to Fulbright grantees and alumni bothin
the United States and abroad. Today, LASPAU actively
partners with U.S. and Latin American universities,
Fulbright commissons, and USIS offices to design flex-
ible programs that meet the needs of countries, institu-
tions, and the grantees themselves.

International Development Research Center
(IDRC). In addition to itsimportant cooperation program
with Latin America for the development of a scientific
baseintheregion, IDRC has supported closeto 200 Latin
American and Caribbean scholars in the past 10 years.
Chile, Peru, and Colombia have the largest percentages
of students currently funded.

Montevideo Group (AUGM ). The association of
universities in the Montevideo Group has accumulated
cooperation and exchange experiences since 1991, and
has developed the Common Academic Space Program
(ESCALA) to promote the creation of a kind of subre-
giona virtua university. The mobility of teachers and re-
searchersin an early phase and the later widening of the
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program to cover student mobility within the southern sub-
region is playing a crucial role in the development of a
“subregiona integrating dimension” of higher education,
supported and stimulated by MERCOSUR. Higher insti-
tutions linked to the program have begun to take this mo-
bility into account in establishing their structuresand aims.

OASCommon Market for Scientificand Tech-
nological Knowledge Program (MERCOCYT). Mod-
eled in part on the European Union Framework Program
for R&D, this program is a mechanism to promote S& T
capacity building in the region and has been in operation
since the beginning of the 1990s. Among its main compo-
nents are projects of scientific and technological integra-
tion (such as exchanges and training of highly qudified
personnel, research and management of technology and
networks of centers of excellence, and dataintercommu-
nication).

Latin American Faculty of Social Sciences
(FLACSO). Egtablished in 1957 with headquarters in
Santiago, Chile, and UNESCO support, FLACSO is an
autonomous cooperative initiative of UNESCO and the
governments of the region aimed at promoting education,
research, and technical cooperation in the social science
field throughout the subcontinent. The organization's au-
tonomy and regiona character are ensured by the partici-
pation of al member countries and eminent intellectuals
in its governing bodies and by the Latin American origins
of its academic, student, and administrative body, which
carries out activities in its 10 academic units and in the
general secretariat. Its Latin American nature is also
strengthened by the content and scope of itsteaching and
research programs, which are geared to the region’ s sci-
entific and social needs. Assistance comesfrom financia
contributions by member country governments and from
an extensive network of cooperation agreements with
variousingitutionsin the public and private sectors of this
and other continents. FLACSO’ s basic functions are to
provide training in the socia sciences through postgradu-
ate and specialization courses; perform research in the
social sciencefield on Latin American problems; dissemi-

nate by all available means, and with the support of gov-
ernments and appropriate institutions, advances in the
social sciences, particularly its own research results; pro-
mote the interchange of social science teaching materials
inand for Latin America; and, by means of extension and
cooperation work, collaborate with university ingitutions
and smilar international, regiona, and nationa bodies, both
governmental and private, to encourage development in
the social sciences.

Latin American Social Sciences Council
(CLACSO). Since its creation in 1966, CLACSO has
formed the most extensive coordination body for social
science research centersin Latin America and the Car-
ibbean, and currently includes 117 member centers. Its
executive secretariat has always operated in Buenos
Aires. CLACSO has developed a basic work program
that strengthens interchange mechanismsin order to bring
about a greater integration of Latin American socia sci-
ences. It protects the working conditions of social scien-
tistsat member centersand other ingtitutionsin theregion
whose academic activitiesand/or personnel were marred
by years of authoritarian repression. Its postgraduate pro-
gram deals with two mgjor areas. the Southern Cone
Research Program, which, with financial support from
CLACSO, provided aid in the countries of the subregion
to researchers experiencing work difficulties because of
their political and/or theoretica views, and, in coopera-
tion with UNDP and UNESCO, the Y oung Researchers
Training Program, since it had become apparent that the
main problems in the region were alack of funds for re-
search and the difficulties experienced by young univer-
Sty graduatesin obtaining funds from international agen-
cies.

In recent years, the council’ s academic activity has
been directed at its own medium- and long-term planning
againgt a background of ingtitutional reorganization, re-
thinking the Commissions and Groups Program to coun-
teract the effects of thematic/organizational dispersion,
and continuing action in subject matter areas of particular
importance for the analysis of democratization and ad-
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justment processesin theregion. CLACSO' s 26 working
groups and commissi ons have amembership of some 3,000
researchersin a program of academic exchange, debate,
and publication. In 1994, special attention was devoted to
nine central themes (commissions) involving the working
groups. In view of theincreasing development of various
Latin American information networks, the Network of
Networks (Red de Redes) project was established with
IDRC support to improve end user access to existing in-
formation resources by linking up 18 regiona information
networks. During the 1992-95 period, CLACSO was re-
sponsible for general coordination of the International
Development Information Network for the social sciences,
Phase Il. That project encouraged the coordinators of
each association to develop mechanisms and strategies
for new forms of telecommuting. IDRC in Ottawa pro-

vided financia support; additiona technical support came
from the Organisation for Economic Co-operation and
Development.

OTHER

No ligting of mobility mechanisms for scientists and
engineers in Latin America would be complete without
mentioning the fellowship and other collaborating programs
set up by severa developed countries through their em-
bassies: the United States, the United Kingdom, France,
Germany, the Netherlands, Japan, Italy, and Spain, among
others. Another important recent initiative is that of the
European Union, through its Alfa-Program of collabora-
tion with Latin America
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U.S. GrRaDUATE EDUCATION

Jean M. Johnson, Alan Rapoport, and Mark Regets

TRENDS IN GRADUATE ENROLLMENT

Enroliment in U.S. graduate science and engineer-
ing (S& E) programs grew for almost 20 years, reached a
pesk of 436,000 studentsin 1993, and then began to shrink.
From 1975-93, the overal number of studentsin graduate
programs increased steadily at an average annual rate of
2 percent. Subsequent declining enrollment from 1993-97
has averaged 1.6 percent annually. Fewer students en-
rolling in engineering, mathematics, and computer sci-
encesaccount for most of the decline. Engineering, math-
ematics, and computer science enrollmentsgrew at arate
of amost 4 percent annualy from 1975-92, but declined 3
percent annually from 1992-95. Engineering enrollment
has continued to decline, while enrollment in mathematics
and computer sciencesincreased dightly in 1996 and 1997.
Trends differ when examining subfields: within the natu-
ral sciences, the physical scienceshave decreasing gradu-
ate enrollment, whilethe biological scienceshaveincreas-
ing enrollment (NSF 1999a).

Graduate student enrollment in S& E, although
shrinking, isbecoming morediverse. In 1977, women rep-
resented only one-quarter of S& E graduate enrollment;
by 1997, they represented 40 percent of enrollment. The
increasing enrollment of minorities in graduate S& E pro-
grams partialy stems from changing demographics—the
higher growth rate in the minority population relative to
the white popul ation. While women and minorities contin-
ued adecade-long trend of increased enrollment in gradu-
ate S& E programs, foreign studentsand U.S. citizen white
mal es began adownward trend in their enrollment levels.
(See appendix tables 1 and 2 and NSF 1999a.) The de-
cline in foreign student enrollment in U.S. indtitutions is
likely influenced by the increasing educational opportuni-
tiesin other countries.

MASTER' s DEGREES

The overdl trend in U.S. S&E programs at the
master’s degree level shows rapidly increasing numbers
of earned degreesthroughout the 1980sand an even stron-
ger growth in the 1990s. This growth is mainly accounted
for by rising numbers of earned degreesin the socia sci-
ences and engineering, with relatively stable numbersin
the natural sciences, mathematics, and computer sciences.
(See appendix table 3.)

By Sex

Over the 20-year period 1975-95, males accounted
for the strong growth in master’ s degrees in engineering,
mathematics, and the computer sciences. Females were
primarily responsible for the strong growth in socid sci-
ences; they also obtained alarger share of degreesin the
natural sciences. The proportion of master's degrees
earned by females increased considerably in the last two
decades—not only in the natural sciences, but in engi-
neering as well. In 1975, femaes earned 21 percent of
the natural science degrees at the master’s level and al-
most 3 percent of the engineering degrees. By 1997, fe-
males accounted for 43 percent of the natural science
degrees and 16 percent of engineering. (See appendix
table 3.)

By RACE/ETHNICITY

In the 1990s, minority groups in the United States
earned, in most cases, increasing numbers as well asin-
creasing shares of master’s degrees in S& E fields. The
number of S& E degrees earned by Asian/Pacific Iand-
erscong stently increased, especialy in engineering, math-
ematics, and the computer sciences. The number of S& E
master’s degrees obtained by blacks grew modestly in
most fields, with strong growth in the socia sciences.
Hispanics earned a moderately increasing number—and
proportion—of degrees in the socia sciences, aswell as
in engineering. White students showed modest growth in
natural science and engineering degreesin the 1990s and
strong growth in the socia sciences. Notwithstanding these
gains, the share of master’ s degrees earned by white stu-
dentsin all fields declined during the 1977-97 period. (See
appendix table 4.)

By CiTIZENSHIP

Anaysis of master’s degrees by citizenship shows
a trend toward a larger proportion of degrees going to
foreign studentsin engineering, mathematics, and the com-
puter sciences. In 1977, foreign students earned 22 per-
cent of the engineering degrees and 11 percent of the
mathematics and computer science degrees. By 1995,
foreign representation at the master’s level was 34 per-
cent in engineering and 35 percent in mathematics and
computer sciences. The rate of growth of overal S&E
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master’s degrees obtained by foreign students slowed
somewhat in the 1993-96 period, mainly dueto aleveling
off of their earned degrees in mathematics and the com-
puter sciences. (See appendix table 4.) Engineering de-
grees awarded to foreign students declined in 1997, echo-
ing the declinein foreign graduate enrollment in engineer-
ing from 1993-96. (See appendix table 2.)

DoctoraL DEGREES

A decade of relatively stable production of S&E
doctora degrees granted in the United States from 1975-
85 was followed by a decade of increasing production of
such degrees; in 1996, over 27,000 S& E doctorates were
awarded. Large increases in the numbers of earned de-
grees were evident in engineering, mathematics, and the
computer sciences. The number of degreesin thesefields
doubled from 1985-96. (See figure 1.) The natura sci-
encefidds—particularly the biologica sciences—also con-
tributed to the rising number of degrees during this period,
increasing by 25 percent (NSF, 1999d).

By Sex

Male doctoral students accounted for much of the
growth in engineering, mathematics, and the computer
sciences, female doctoral recipientswere largely respon-

sblefor theincreasing number of natural science degrees.
Within the past two decades, the share of S&E doctor-
ates earned by women doubled, rising from amost 16
percent in 1975 to 33 percent in 1997. The proportion of
increase has differed by field. By 1997, females earned
half of the doctora degreesin the socid sciences and 40
percent in the biological sciences. Growth in the propor-
tion of degrees awarded to women was greatest in engi-
neering subfields. By 1997, women earned 12 percent of
all engineering degrees, and 16 to 18 percent of doctoral
degrees in chemica and material engineering. (See ap-
pendix table 5.)

By RacCE/ETHNICITY

Underrepresented minorities within U.S. universi-
tiesreceived over 7 percent of all S& E doctorates awarded
to U.S. citizensand permanent residentsin 1995; thiswas
up dightly from 4 percent in 1977. As a group, these mi-
noritiesreceived 6 percent of earned degreesin the natu-
ral sciences, 4 percent in mathematicsand the computer
sciences, 10 percent in the social sciences, and 6 percent
in engineering.! For black Ph.D. recipients, the largest
numerical increases in the past decade have been in the

"When considering the total number of earned S& E doctoral
degrees (including those to foreign students), the percentages earned
by underrepresented minoritiesare smaller. See NSB (1998), chapter 2.

Figure 1. S&E doctoral degrees awarded by U.S. universities
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biological and socia sciences. The largest percentage in-
creases have been in the biologica sciences and engi-
neering. (See appendix table 6.)

GRADUATE EpucaTtioN REFORMS IN
THE UNITED STATES

NEEDS FOR REFORM

The Committee on Science, Engineering, and Pub-
lic Policy (COSEPUP) of the National Academy of Sci-
encesrecently reviewed U.S. graduate programsin S& E.
The resulting report, Reshaping the Graduate Educa-
tion of Scientists and Engineers (COSEPUP 1995),
recommends broadening the education of doctoral stu-
dentsto better meet their actual career needs. Thereport
noted that the current focus of doctoral programs on re-
search training in a narrow discipline gradually evolved
over previous decades when the demand for research
was rising. U.S. R&D spending increased rapidly from
thelate 1970sto thelatter part of the 1980s; consequently,
doctora R&D employment increased by amost 5 per-
cent annually. Today, however—the report goes on to
explain—an even smdler minority than previoudy will
enter academic research. Only one-third of future doc-
toral recipientsin S& E will enter the tenured academic
system; two-thirds will be employed in nonacademic set-
tings. The report concludesthat doctoral course offerings
should be expanded to reflect the diversity and complex-
ity of these employment options. What these options will
al requireisthe ability to apply an advanced understand-
ing of science and engineering to societal needs. Conse-
quently, S& E doctora students will need:

¢ educationinthebroad fundamentalsof their fieds,
o familiarity with several subfields,

* theability to communicate complex ideasto non-
specidigts, and

* the ability to work wdl in teams.

Focus oF REFORMS

A variety of graduate reforms predated or stemmed
from the recommendations of the COSEPUP report.
These reforms focus on the education needs of students.

Graduate programs are being expanded to include not only
multidisciplinary coursework, but also to answer to stu-
dents needs for business and teaching skills. The Coun-
cil of Graduate Schools has held a series of nationa dis-
cussions with graduate deans about the need to prepare
students more effectively for their roles asfuture faculty.
Subsequently, the 1997 meeting of the National Science
Board on the Federa Role in Graduate and Postdoctoral
Programs recommended Federal encouragement to uni-
versities to increase diversity and the appropriate broad
training of the S& E labor force (NISE 1998).

Forces for Change

Underlying these policy studiesareavariety of forces
for graduate education reform. These include recent de-
mographic, economic, technological and socia changes,
aswell astheincreasing complexity of viable solutionsto
rea-world problems.

Among the demographic forces for change is a
larger number of women and minorities earning
bachelor’s degreesin S& E fields for potential recruit-
ment into graduate S& E programs (along with a de-
clining population and enrollment of whites and declin-
ing enrollments of foreign students). Emerging reforms
that build on this demographic trend are graduate en-
hancement programs for underrepresented minority
students and recruitment and retention programs for
women in science and engineering. For example, Rice
University initiated a graduate program for increasing
diversity in computational sciences, and the Univer-
sity of Arizona and Notre Dame University promote
the Graduate Education for Minorities Consortium
(GEM) of industries, colleges, and universities to in-
crease minority recruitment and retention (NI SE 1998).

Economic and technologica forces are combining
to influence changesin graduate education. Spiraing edu-
cation costs—which are increasing faster than the cost
of living—are contributing to the growth of proprietary
(for-profit) universitieswith cost-effective programs. The
capital expense of major research programs is necessi-
tating shared research facilities. Collaborative agreements
among consortia of universities are being made to ensure
efficient use of resources and expertise of graduate fac-
ulty. For example, in anew doctoral program in technol-
ogy management, aconsortium of nine universities across
eight states links the top laboratories and faculty of key
technical specidizations (such as digital communication
systemsand industrial composite materias). Thisarrange-
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ment allows the participants to ensure the broad educa
tion needed to manage such advanced technologies (NI SE
1998).

Another force for change is technology. Informa:
tion technologies and distance learning technologies are
changing how instruction can be given. For example, En-
gineering Research Centers supported by the National
Science Foundation (NSF) are developing multidisciplinary
engineering curricula through interactive instructional
modules. (These centers are briefly described below un-
der “Background: Federal Support for S&E.”) These
modules can assist in teaching principles of diverse sub-
jects using graphics, diagrams, and animation to convey
key concepts, along with interactive exercises for prac-
ticing the principles gpplication. Through dternative in-
structiona ddivery systems, both graduate students in
university classrooms and researcherswithin private com-
panies can use this software.

Thegrowing demand for public accountability isdriv-
ing the U.S. educationa system to improve instruction in
mathemati csand science. At the graduate education leve,
this demand for accountability isfocused on the improve-
ment of teaching, with an increased focus on the educa
tional and career needs of students rather than the re-
search needs of faculty. Severa universities have initi-
ated efforts to improve both graduate and undergraduate
instruction in science and engineering, such as Preparing
Future Faculty programs and training for teaching assis-
tants (NISE 1998).

Another dynamic for changeisan emerging demand
for broadly educated Ph.D. recipients who are able to

address the complexity of rea-world problems and con-
tribute to their solution. For example, at a recent forum
for graduate education reform, the director of research
for the U.S. Department of Energy explained that the
department—which isone of thelargest Federal support-
ers of basic research in the natural sciences—needs an
S& T workforcethat can flexibly crossdisciplinesto solve
complex problems in several mission aress. Issues that
need to be addressed by the department include the secu-
rity of existing nuclear stockpiles, the development and
use of new energy technologies, the health and environ-
mental effects of energy use, and structural genomics
(which combines the disciplines of biology and
informatics) in the human genome program (NI SE 1998).

The above innovations—as well as new
multidisciplinary programs and other efforts to broaden
the preparation of graduate students—were addressed at
a recent National Ingtitute for Science Education, Uni-
versity of Wisconsin at Madison, forum on graduate edu-
cation. For more information, see NISE (1998).

S& E GRADUATE SUPPORT

During the course of their graduate careers, most
S&E students are likely to be involved in some type of
research activities.? S& E graduate students thus play a
uniqueroleinthe U.S. academic research system, in that
they are both an input to and an output of this system.
U.S. research universities have traditionaly coupled ad-
vanced education with research, thereby generating new
knowledge and producing advanced S&E talent. This
complex, symbiotic relationship is exemplified by the va-

BACKGROUND: FEDERAL SUPPORT FOR S& E
Scientists played a key role in World War 11 within Federal defense research sites; following the war,

policymakers chose to support scientists within universities. The Vannebar Bush Report stated that an in-
creasing number of highly qualified scientists and engineers would be crucial to the U.S. economy, and rec-
ommended public support of advanced students in science and mathematics within universities. That policy
produced significant Federal support for university-based S& T research and the training of scientists and
engineers. These funds increased further following Sputnik, the Cold War, and the creation of the National
Institutes of Health (NIH) and the National Science Foundation. By the early 1960s, NIH funding of univer-
sity research exceeded total funding of university-based research by the Department of Defense.* This
compact between the Federal Government and universities has continued to the present, with Federal aca-
demic R&D reaching $21 billion (in 1992 constant dollars) in 1996 (NSB 1998).

*Cited by Robert Rosenzweig, former president of the Association of American Universities, see Stanford Today (1998).

2See chapter 5, “Integration of Research with Graduate Educa-
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riety of support mechanisms and sources through which
financial resources are provided to S& E graduate stu-
dents.® Support mechanisms include fellowships,
traineeships, research assistantships, and teaching assis-
tantships.* Sources of support include Federal agency;
non-federal support (from academic ingtitutions, state and
local governments, foreign governments, nonprofit insti-
tutions, and industrial firms); and salf-support (from loans
or persona or family financia contributions). Most gradu-
ate students are supported by more than one source and
mechanism during their timein graduate school; they aso
often receive support from several different sources and
mechanisms in any given academic year.

TRENDS IN SUPPORT

The recent enrollment declines reported earlier for
al S&E graduate students affected the number of full-
time students in 1995. For the first time in dmost two
decades, enrollment of full-time S&E graduate students
declined dightly in 1995. A 12-year trend of steady in-
creasesin enrollment of full-time graduate studentswhose
primary source of support was the Federal Government
aso ended, as did an even longer upward trend in the
number of graduate students whose primary source of
support was from non-federal sources.® For more infor-
mation on Federa support, see sidebar on Background:
Federal Support for S& E. The number of self-supported
graduate students also declined for the first time since
1988. (See appendix table 7.)

SAll the data presented here on mechanisms and sources of
support for S& E graduate students are from the NSF-NIH annual fall
Survey of Graduate Students and Postdoctoratesin Science and Engi-
neering. Inthissurvey, departmentsreport the primary (largest) source
and mechanism of support for each full-time degree-seeking S& E gradu-
ate student. No financial support data are collected for part-time stu-
dents. Many of thefull-time students may be seeking master’ sdegrees
rather than Ph.D.s, particularly in the engineering and computer sci-
ence fields. Throughout this section on support, S&E include the
health fields (medical sciences and other life sciences.)

4A fell owship isany competitive award (often from anational
competition) made to a student that requires no work of the recipient.
A traineeship isan award given to astudent sel ected by theuniversity.
An assistantship isclassified asresearch or teaching depending onthe
duties assigned to the student.

STotal Federal support of graduate studentsis likely to be un-
derestimated since reporting includes only direct Federal supporttoa
student and support to research assistants financed through the direct
costs of Federal research grants. This omits students supported by
departments through the indirect costs portion of research grants;
such support would appear as institutional (non-federal) support,
since the university has discretion over how to use these funds.

Since 1980, there have been significant shiftsin the
relative usage of different typesof primary support mecha
nisms. (See figure 2.) These shifts have been due more
to rapid growth in some support mechanisms than to an
absolute decline in the number of students supported by
any of these mechanisms. The proportion of graduate stu-
dents with research assistantships as their primary sup-
port mechanism increased from 22 to 27 percent between
1980 and 1995. This increase was offset by dropsin the
proportions of students supported by traineeships (from 7
to 5 percent) or by teaching assistantships (from 23 to 20
percent). Most of these changes had occurred by the late
1980s, with proportiona shares being relatively stable
during the first haf of the 1990s. The proportion sup-
ported by fellowships fluctuated between 8 and 9 percent
between 1980 and 1995; that with self-support as the pri-
mary mechanism fluctuated between 28 and 32 percent.
These overal shifts in support mechanisms were evi-
denced for both students supported primarily by Federal
sources and for those supported by non-federal sources.
(See appendix table 7.)°

PATTERNS OF SUPPORT BY INSTITUTION
Typre

The proportions of full-time S& E graduate students
with primary support from various sources and mecha
nisms differ for private and public universities. (See fig-
ure 3.) A larger proportion of full-time graduate students
rely primarily on self-support in private academic ingtitu-
tions as opposed to those in public ingtitutions—39 versus
30 percent in 1995,

Non-federal sources are the primary source of sup-
port for a larger proportion of students in public ingtitu-
tions (50 percent) than in private ones (41 percent). At
both private and public ingtitutions, about 20 percent of
students receive their primary support from the Federal
Government.

A larger proportion of students attending public
academic institutions rely on research assistantships
and teaching assistantships as their primary support
mechanism (30 and 23 percent, respectively) than those
attending private institutions (21 and 13 percent, re-
spectively). This is balanced by greater reliance on
fellowships and traineeships in private ingtitutions (14
and 8 percent, respectively) than in public ones (7 and
4 percent, respectively).

For additional details on trends in support mechanisms by
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Figure 2. Support for full-time science and engineering graduate students
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Figure 3. Percentage of S&E graduate students by mechanism and source of primary support,

for private and public universities: 1995
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PrRIMARY MECHANISM AND SOURCE OF
SupPPORT BY S& E FIELD

Resear ch Assistantships. Although research as-
sistantships accounted for 27 percent of al primary sup-
port mechanismsin 1995, their role differed across S& E
fields. They comprised more than 50 percent of the pri-
mary support mechanisms for graduate students in as-
tronomy, atmospheric sciences, oceanography, agricultural
sciences, chemical engineering, and materials engineer-
ing. They accounted for less than 20 percent in al the
socia sciences, mathematical sciences, and psychology.
(See appendix table 8.)

Just as the significance of research assistantships
differs acrossfields, so too doesthat of the Federa Gov-
ernment as the primary source of support for research
assistantships. Overall, the Federal Government was the
primary source of support for about half of graduate re-
search assistants. However, it was the primary source of
support for 75 percent of the research assistants in the
physical sciences, just over 60 percent in both the envi-
ronmental and computer sciences, but only 20 percent in
the social sciences and 32 percent in psychology. (See
appendix table 9.)

Teaching Assistantships. Teaching assistantships
accounted for 20 percent of al primary support mecha
nismsin 1995. But they comprised more than 30 percent
of the primary support mechanismsfor graduate students
in chemistry, physics, mathematics, and earth sciences,
and less than 12 percent in the atmospheric sciences,
oceanography, agricultural sciences, medical sciences,
aeronautica engineering, and materias engineering. (See
appendix table 8.) The Federa Government has an a-
most negligible role in supporting teaching assi stantships.

Fellowships and Traineeships. Although fellow-
ships accounted for only 9 percent of al primary support
mechanisms in 1995, they are a much more important
mechanism of primary support for studentsin the history
of science, anthropology, and astronomy where they com-
prised 37, 20, and 17 percent of the primary support
mechanisms, respectively. Students with traineeships as
their primary support mechanism accounted for just un-
der 5 percent of all full-time S& E graduate students in
1995. For studentsin the biological sciences, medical sci-
ences, and other life sciences, however, traineeships ac-
counted for between 11 and 14 percent of primary sup-
port. (See appendix table 8.)

The Federal Government was the primary source
of support for about one-quarter of al graduate students
with afellowship as their primary mechanism of support
and for about two-thirds of those with a traineeship as
their primary mechanism of support. The Federal Gov-
ernment was a more important primary source for fel-
lowshipsto graduate studentsin the atmospheric sciences,
aeronautical engineering, and astronomy, providing 63,
56, and 50 percent, respectively, of the primary fel-
lowship support. In contragt, it provided only 14 percent
of primary fellowship support in the socia sciences. The
Federa Government provided almost 80 percent of pri-
mary support for traineeships in the life sciences, com-
pared to 24 percent in computer sciences and 21 percent
in the socid sciences. (See appendix table 9.)

Self-Support. About one-third of full-time S&E
graduate students were supported primarily by loans or
from persona or family financial contributions. The im-
portance of thistype of support aso differed across S& E
fields. About 40 percent of studentsin the computer sci-
ences, medica sciences, anthropology, and industria en-
gineering—and more than 50 percent of thosein psychol-
ogy and political science—relied on saf-support as their
primary support mechanism. Conversely, less than 10
percent of the students in astronomy, chemistry, physics,
and the atmospheric sciences relied on self-support as
their primary support. (See appendix table 8.)

IMPACTS OF GRADUATE SUPPORT

MECHANISMS

There has long been great interest in whether the
amount and type of financial support given to graduate
students has an effect on degree completion rates, time
to degree, and productivity and success in the labor mar-
ket. How effective have the large investments in gradu-
ate education made by government, academia, and the
private sector been? How do the various modes of sup-
port—teaching assistantships, research assistantships,
fellowships, and subsidized loans—compare in terms of
recipients educational and career outcomes?

Hypotheses of Relative Merits. The merits of
various support mechanisms have been discussed and a
number of hypotheses developed about the advantages
and disadvantages of different mechanisms. In fact, some
of the characteristics of a specific mechanism cited as
disadvantages by some individuals are cited as advan-
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tages by others. For instance, the portability of fellow-
ships and the independence they give to graduate stu-
dents are seen by some as a distinct advantage because
they provide these students with great freedom to pursue
a wide variety of interests. Others argue that students
with fellowships are more likely than those supported by
trai neeships or research ass stantshipsto becomeisolated
from their peersand from the faculty in their departments,
they thus may either belesslikely to completetheir Ph.D.
or to take longer to do so. Some argue that athough hav-
ing afellowship at the beginning of one' s graduate career
may be detrimental, having one when working on a dis-
sertation is highly advantageous.

Similarly, some hold that since research assistant-
shipsaredirected to the needs of funded research projects,
doctora students can become so involved on a specific
project that they have little time for independent explora
tion or other educationa activities, thus limiting the areas
in which they acquire experience. A counter argument is
that the research skills and experience students acquire
by focusing on a specific project are indispensable to the
high-qudity, state-of-the-art research being conducted at
U.S. universitiesand industria laboratories; studentswith
research assistantships thus may complete doctora dis-
sertations more frequently and faster than those with other
forms of support. Some argue that strong reliance on re-
search ass stantships can bias research and graduate train-
ing toward those areasthat have long track records rather
than to new and innovate areas, and that they also may
prevent beginning faculty from attracting graduate stu-
dents. Others argue that it is the widespread availability
of research grants that provides young faculty the oppor-
tunity to work closely with graduate students.

Lack of Quantifiable Data. Unfortunately, it is
extremely difficult to examine many of these hypotheses
analytically either because of the absence of data or the
inability to capture the hypothesized outcomes quantita-
tively.” In addition, most graduate students depend on
multiple sources and mechanisms of support while in
graduate school, and frequently on different sources and
mechanisms in different phases of graduate work. This

’National Science Board (NSB). 1996 Report from the Task
Force on Graduate and Postdoctoral Education NSB/GE 96-2. Arling-
ton, VA: National Science Foundation. Thistask force, established in
1995 to examine the merits, mix, and impact of several modes of
funding support used by NSF in graduate and postdoctoral education,
concluded that sufficient links between national data and NSF sup-
port data did not exist, and so no recommendations could be made on

makesit quite difficult, if not impossible, to identify aone-
to-one rel ationship between a student and a support source
or mechanism.

Furthermore, there is a selection problem that is not
easly overcome. Mogt external organizations and gradu-
ateinstitutions award financial support based on merit. In
addition, the type of support that a student receives is
affected by a graduate department’s view (and perhaps
sometimes by the student’s own view) of the student’s
relative ability to teach or to support research. If students
receiving support have more ability or motivation than
other students, the former are likely to be more success-
ful than the latter irrespective of the effects of support
mechanisms. To the extent that graduate support alloca
tion decisions are successful in sorting students by merit
and aptitude, it becomes more difficult to Satisticaly iso-
late the effect of receiving graduate support from the ef-
fects of other student differences.

General Conclusions. Despite these difficulties,
various studies have looked at some aspects of graduate
support and student outcomes. A recent review of this
literature summarized the results as follows (Bentley and
Berger 1998):

* The bulk of the evidence suggests that students
receiving support enjoy higher completion rates
and shorter time to degree than students without
support.

* The evidence of the differential effects of alter-
native support mechanisms on completion rates
isinconsistent. However, students holding fellow-
ships appear to finish doctoral programs more
quickly than teaching and research assistants.

» Several scholars present evidence that research
assi stants are more productive scholars than other
students, both in graduate school and later intheir
careers.

* Only one study included in this review attempts
to determine whether the dollar amount of sup-
port matters. That study did not find evidence
that increasing the amount of support improves
outcomes.
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EMPLOYMENT OF DEGREED

SCIENTISTS AND ENGINEERS

Appendix table 10 shows the distribution of thosein
S& E occupationsin the United States. Of the 11.5 million
people with some kind of S&E degree, only 3.2 million
are in jobs dtrictly labeled as science and engineering.®
Of these, nearly two-thirds are employed by private, for-
profit employers. By this strict occupational measure of
S& E workers, Ph.D. recipients make up 13 percent of
the U.S. S& E workforce. If the definition were extended
to include all workers with S& E degrees, the proportion
of doctorate-holders would fall to 4 percent.

| NTERNATIONAL MOBILITY OF
DocTorRAL STUDENTS AND
RecipENTS: FOREIGN DOCTORAL

STUDENTS IN THE UNITED STATES

In the past decade, foreign students have accounted
for the large growth in S&E doctoral degrees in U.S.
universities. The number of foreign S& E doctora recipi-
ents graduated from U.S. universities doubled from over
5,000 in 1986 to 10,000 in 1996. This doubling trandates
to an 8-percent average annua increase. In contrast, the
rate of increasein doctoral degreesto U.S. citizens aver-
aged less than 2 percent annually (NSB 1998).

Within natural science and engineering fields, the
proportion of doctoral degreesearnedin U.S. universities
by foreign citizens climbed from 25 percent in 1985 to 33
percent in 1994; it has since begun to leved off. In 1997,
the share of natural science and engineering degrees
earned by foreign students decreased dightly to 31 per-
cent. This drop was mainly due to a decline in doctoral
degrees earned by South K orean and Taiwanese students.
Both of these economies (which are major contributors
of foreign graduate students to the United States) have
increased their internal capacity for graduate education
in S&E, evidenced by the increasing number of in-coun-
try doctoral degrees in these fields (NSB 1998).

Even as Asian students entered U.S. graduate pro-
gramsin record numbers, Asan universities were expand-
ing their own doctora degree programs in S&E fidds.

80ther SESTAT survey responses provide strong evidence that
many individuals with S& E degrees in non-S& E occupations do use
their knowledge from their field of degree and may also be engaged in

Thesetwo phenomenaarerelated. Thedesireto increase
in-country capacity to educate students through the doc-
toral level necessitated sending students abroad so as to
prepare more S&E faculty for expanded graduate pro-
grams within Asian universities. For the period 1988-94,
the Asian effort to receive doctora training in U.S. uni-
versities was particularly intense, as evidenced by an in-
crease from 2,872 earned degrees in 1989 to 6,229 in
1994. The annual rate of growth in S& E doctoral degrees
earned by Asian students during this period was over 17
percent. However, thisrate of growth has dowed consid-
erably in the last few years, and in 1997, the number of
degrees earned by Asian students within U.S. universi-
ties declined.

Although Ph.D. production in S& E fieldsisgrowing
at afaster ratein Asian countriesthan inthe United States,
the Asian base is lower. In 1997, 18,513 S& E doctora
degreeswere earned in five Asian countries. In that same
year, U.S. universities produced almost 27,000 S& E doc-
torates, however, over 5,500 of these degreeswere earned
by foreign students from Asia In 1997, the number of
doctora S&E degrees earned at universities within four
Asian economies exceeded the number of such degrees
earned by Asianforeign studentsat U.S. universities. Only
for Taiwan do U.S.-earned doctora degrees outnumber
those earned within Taiwanese universities. (Seefigure4
and text table 1.)

PATTERNS OF | NTERNATIONAL
MoBiLITY AND DIFFUSION OF S& T

KNOWLEDGE

Technology transfer is often said to occur best
through people. Thus, the mobility of foreign students
throughout Europe, Asia, and the Americas is a signifi-
cant source of diffusion of S& E knowledge in the world.
NSF datistical data are limited to certain patterns of mo-
bility to the United States. The Survey of Earned Doctor-
atescapturesthe number of S& E doctoral degreesearned
by foreign students, students' planned location after com-
pleting their degrees, and any firm offersthey’ vereceived
of U.S. postdoctora study or employment. The Scientists
and Engineers Statistical Data System (SESTAT) cap-
tures the extent of the contribution of foreign-born scien-
tistsand engineersto the U.S. labor force. Littleisknown,
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Figure 4. Doctoral degrees in natural sciences and engineering awarded within Asian countries and to Asian

foreign students within U.S.

universities: 1992 and 1996
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SOURCE: See text table 1.

Text table 1. Doctoral NS&E degrees awarded within Asian countries and to Asian foreign students within U.S. universities

Student nationality
Field and Location of Degree China India Japan South Korea Taiwan
1992 1996 1992 1994 1992 1996 1992 1996 1992 1996
Total NS&E dearees.......ccovvvvevvrererevnrinennnnd 3,229 6,955 5,064 5,570 4,270 5,734 1,866 3,197 1,596 1,744
Natural sciences—within Asian country....... 473 1,999 3,665 4,077 1,833 2,351 459 1,024 191 282
Enaineering—within Asian country............... 823 2,195 629 348 2,362 3,297 552 1,420 264 435
Natural sciences—U.S. university................ 1,425 1,960 365 520) 50 54 418 430, 504 452
Enaineering—U.S. University....................... 508 80 405 625 25 32 437 323 637 575

KEY:
NOTES:

NS&E = natural sciences and engineering

Natural sciences include the physical, biological, agricultural, earth, atmospheric, and oceanographic sciences, as well as mathematics, computer and

information sciences. Data are latest available year for within-country degrees in India (1994).

SOURCES: China— National Research Center for Science and Technology for Development, unpublished tabulations, 1996; India—Department of Science and
Technology, Research and Development Statistics 1994-95 (New Delhi: 1996); Japan—Monbusho, Monbusho Survey of Education (Tokyo: annual
series); South Korea—Ministry of Education, Statistical Yearbook of Education (Seoul:1996); Taiwan—Educational Statistics of the Republic of
China (Taipei: 1997); United States—National Science Board, Science & Engineering Indicators-1998, NSB 98-1 Arlington, VA: National Science

Foatindation

however, of the return flow of foreign students and the
contribution they make to build the S& T infrastructure in
their home countries. Littleisaso known of thoseforeign
graduate students who do not complete a doctora de-
gree. For example, Japanese industry sends its research
personnel to top U.S. universities for 1 to 2 years of ad-
vanced study in particular fields (NSF 1997).

The diffusion of S& T knowledge may also occur
through networking, without physical relocation of scien-
tists and engineers for extended stays. Choi (1995) has
shown extensive networking by Asian-born faculty and
researchers working in the United States to advise, dis-
seminate information, and assst in building their home
country S& T infrastructure. Thistendency is particularly
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truefor foreign-born faculty in S& E departments. 1n 1993,
foreign-born faculty in U.S. higher education accounted
for 37 percent of engineering professors and over aquar-
ter of mathematics and computer scienceteachers. More
research is needed on the extent of thisdiffusion of S&E
knowledge through exchange visits or € ectronic dissemi-
nation.

Cooperative research and information technologies
are dso diffusing S& T knowledge. International coop-
erative science programs often provide support for immi-
grant scientists and engineers to collaborate with home
country scientists and to advise on building up aresearch
areain a particular area of interest. For example, many
of the grantees in the NSF U.S.-China Cooperative Sci-
ence Program are Chinese American scientists and engi-
neers who are most able to work effectively within the
Chinese environment. Electronic dissemination through
the Internet is alowing the dissemination of innovative
teaching modules as well as specific information needed
by home country S& T indtitutions.

Sray RATES oF FOREIGN DoCTORAL
REcIPIENTS IN THE UNITED STATES

Until 1992, around half of the foreign students who
earned Ph.D.sin S&E in U.S. universities planned to lo-
cateinthe United States after completing their degree. A
significantly smaler proportion (one-third) received firm
offers to remain in the United States for academic or
industrial employment. The proportion of foreign doctoral
recipients who plan to locate in the United States and
accept firm offers differs considerably by country and
region. Students from Asia, who are the most numerous,
also represent the largest percentage who plan to locate
inthe United States. In contrast, students from North and
South America, who are the least numerous, have a
smaller proportion planning to locate in the United States.

For the period 1992-96, the proportions of foreign
doctoral recipients planning to remain in the United States
increased: over 68 percent planned to locate in the United
States, and nearly 44 percent had firm offers to do so.
This recent increase in stay rates, which may be tempo-
rary, is mainly accounted for by the sharp increase in the
percentage of Chinese students with firm plansto stay in
the United States. In 1990, 42 percent of the approxi-
mately 1,000 Chinesedoctoral recipientsin U.S. universi-
ties had firm plans to stay. By 1996, 57 percent of the
nearly 3,000 Chinese doctoral recipients from U.S. uni-
versities had firm plans to remain in the United States.

The underlying cause for this shift is the large number of
Chinese students granted permanent residence status in
the United States in 1992, following China s response to
student demonstrations. Selected countries in Europe
(Eastern Europe) and the Americas (Canada), however,
also increased their stay rates after completing advanced
degreesfrom aU.S. university. Their numbers are small
in comparison to Asa's. 200 from Eastern Europe and
100 from Canada.

Among Asian countries, Chinaand Indiaapparently
have alimited capacity to provide high-level employment
to large numbers of returning S& E doctorate-holders. In
1996, 57 to 59 percent of the U.S. S& E doctora recipi-
ents from these countries choose to accept further study
or employment in the United States. In contrast, only a
small percentage of 1996 doctoral recipients from South
Korea and Taiwan (24 and 28 percent, respectively) ac-
cepted offersin the United States. Thetrend in the 1990s
has been for relatively few doctoral recipientsfrom these
countries to remain in the United States; this is particu-
larly true of South Korean engineering doctoral recipients
(NSF 1998). (Seefigure 5.)

To alarge extent, the definite plans of foreign doc-
toral recipients to remain in the United States revolve
around postdoctoral study rather than employment.
Among students born in those countries accounting for
the largest numbers of foreign doctoral awards, the ma
jority of definite plansto remain in the United Stateswere
for further study (58 percent on average between 1988
and 1996); followed by employment in R& D (27 percent);
teaching (7 percent), or other professional employment
(8 percent).

A recent study of foreign doctoral recipients work-
ing and earning wages in the United States (Finn 1997)
shows that about 47 percent of the foreign students who
earned doctorates in 1990 and 1991 were working in the
United Statesin 1995. The percentages are higher in the
physical sciences and engineering, and lower in the life
and socid sciences. These stay rates differ more by coun-
try of origin than by discipline, however. A very large
percentage of the 1990-91 foreign doctord recipientsfrom
Indiaand Chinawere still working in the United Statesin
1995. In contrast, only 10 percent of South Koreans who
earned engineering doctorates from U.S. universities in
1990-91 were working in the United States in 1995.

Foreign doctoral recipients from 1970-72 were
also examined in the same study. Finn estimated that 47
percent were working in the United States in 1995, and
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Figure 5. U.S. S&E doctoral recipients from selected Asian countries with firm plans to remain in the United States
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SOURCE: National Science Foundation, Division of Science Resources Studies, Survey of Earned Doctorates, special tabulations.

that the stay rate for that group had fluctuated around 50
percent during the 15 years leading up to 1995. Thereis
no evidence of significant net return migration of these
scientists and engineers after 10 or 20 years of work ex-
perience in the United States. This does not mean that
there is not significant return migration: such migration is
known to occur. However, the fairly constant stay rates
indicate that any tendency of the 1970-72 cohortsto leave
the United States after gaining work experience here has
been largely offset by others from the same cohorts re-
turning to the United States after going abroad.

EmMPLOYMENT OF FOREIGN-BORN
SCIENTISTS AND ENGINEERS

In total, there were 135,000 foreign-born S& E doc-
tora recipientsworking in the United Statesin 1993. (See
text table 2 and appendix table 12.) They accounted for
25.6 percent of al U.S.-employed S& E doctorate-hold-

ers. Academia is the largest sector of employment for
foreign-born S& E doctorate-holders. Inindustry, however,
they actually make up a larger proportion of total S&E
doctora recipients: nearly one-third.

Asiawas the place of birth for over haf of the for-
eign-born S& E doctorate-holders working in the United
States—76,000. Although this number is for the whole
Asian continent, the two largest source countries com-
bined—China and India—provided more S& E Ph.D. re-
cipients to the U.S. labor force than all of Europe.

U.S. DocTtoraL ReciPIENTS RESIDING
OuTsIDE THE UNITED STATES

IN 1995, at least 19,600 U.S. native-born naturalized
citizen and permanent resident Ph.D. scientists and engi-
neerslived outside the United States (text table 3). These
included
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Text table 2. Employed foreign-born science and

engineering doctoral recipients in the United States
Total
employed
135,000
25.6

7,000
76,000
21.000
21.000

3.000

4.000

9.000
18.000
10.000

2.000

1.000

1,000

2,000

1,000

3,000
38.000

1.000

6.000

2.000

2.000

1.000
10.000
16.000

8.000

Place of birth
All Oreign-bDorM........cccoeveeiicceeeeeeeee e
Percent of foreign-born of total S&E Ph.D.s employed....

Mexico..
Other....

North America and other

NOTE: Numbers rounded to nearest 1,000.

SOURCE: National Science Foundation, Division of Science
Resources Studies, 1993, Scientists and Engineers Data
System (SESTAT) data file.

» 3 percent (13,900) of al native-born S& E doc-
torate-holders,

e 7 percent (1,400) of al foreign-born S& E doc-
torate-holderswith U.S. citizenship at time of de-
gree, and

* 14 percent (4,300) of al permanent resident S& E
doctorate-holders at time of degree.

Not included are U.S. citizen Ph.D. scientists who
held only a temporary student visa or work visa when
they received their doctorate; it may be reasonable to
assume that this group is as likely to work outside the
United States as those who had already been naturalized
by the time of degree.

Thelikelihood of foreign residence for U.S. natives
isgreatest for those with the most recent degrees—rang-
ing from 2 percent of native-born doctorate-holders who
received their Ph.D. between 1945 and 1954 to 3 percent
of those who received their doctorate between 1985 and
1994. By fidld, the proportion of native-born Ph.D. recipi-
ents resident in foreign countriesis greatest in the math-
ematical and computer sciencesand in the socia sciences
(4 percent for each). It islowest in the physical sciences.

Good estimates of the number of U.S. scientistsand
engineers who work abroad are not available, and the
numbers presented here should be treated aslower bound
estimates.®

9These estimates are based on a match of administrative data
from the NSF 1995 Survey of Doctorate Recipientsto individual data
from the NSF Doctoral Record File created from the Survey of Earned
Doctorates. The National Research Council (NRC) attempted toiden-
tify when anonresponse was caused by the sampled individual resid-
ing outside the United States as of the April reference date. To the
extent that individuals residing outside the United States are more
prevalent in the sample portion never located by NRC than they arein
the located sample, these numbers will underestimate the extent of
emigration. Note that since a short-term trip abroad would not count
as residence and since the Survey of Doctorate Recipients data are
collected over several months, thereislittle danger of miscategorizing
a short absence as working abroad. There is, however, a somewhat
greater danger of listing a person as living abroad who left the United
States for many years and has since returned.

Text table 3. Estimates of U.S. citizens and permanent resident Ph.D. graduates residing outside the U.S.: 1995

. Foreign-born with citizenship at] Permanent resident at time of |  Total citizen or permanent
i Native born time of Ph.D. Ph.D. resident at time of Ph.D.

Fleld of Ph.D. Percent of Percent of Percent of Percent of

Number abroad otal abroad Number abroad otal abroad Number abroad total abroad Number abroad otal abroad
All SEE.......ccovvvvrrirnnnn. 13,900 33 1,400 7.4 4,300 13.6 19,600 4.1
Life sciences............... 3,400 2.7 200 5.0 900 12.0 4,500 33
Math and computer..... 1,000 4.2 100 4.2 200 10.2 1,200 4.6
Physical sciences....... 2,200 2.5 300 8.7 800 12.6) 3,200 3.3
Social sciences........... 5,900 4.2 300 75 1,200 18.0 7,400 4.9
Engineering................. 1,500 3.0 500 9.1 1,300 13.14 3,300 5.0

NOTE:  This should be considered a lower bound estimate since only those definitely identified as being outside the United States were counted.

SOURCE: National Science Foundation, Division of Science Resources Studies, Doctorate Record File and administrative records associated with collection of the 1995

Survey of Doctorate Recipients.
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Appendix table 1. Graduate enrollment in science and engineering, by field and sex: 1975-97

Field 1975 | 1977 | 1979 ] 1981 | 1983 | 1985 | 1987 | 1988 [ 1989 | 1990 | 1991 1992 | 1993 | 1994 | 1995 [ 1996 | 1997
Total enroliment
Science and engineering.................| 303,190] 311,816 319,171] 332,086 347,065 358,126| 373,341| 375,277| 382,747( 397,135 412,697 430,644 435,886| 431,251( 422,555( 415,363| 407,644
Natural Sciences?........cccoeveveennes 95,489 101,221} 100,871} 100,617 102,979| 104,074| 104,963| 105,529( 107,301| 109,364| 112,474| 116,699 119,489 120,833| 120,325| 117,677| 114,697
Mathematics/computer sciences....] 25,307| 25,160 26,721| 32,318| 40,691 47,332| 50,559| 51,304 51,729| 54,031 54,562 56,648 56,189 53,707| 51,941| 52,607 52,769
Social SCIences .........oovvvvevcrreene. 114,123| 116,750 119,851] 119,596 112,276| 110,729| 113,866| 115,615( 119,674 126,115| 132,085| 139,262| 143,350 143,688 143,090 141,856| 139,170
Engineering 68,271] 68,685] 71,728] 79,555| 91,119] 95,991|103,953| 102,829 104,043] 107,625] 113,576] 118,035] 116,858 113,023] 107,199 130,223| 101,008
Male enrollment
Science and engineering.................| NA| 233,862 229,860] 232,209 240,525 247,464| 256,149| 254,005| 256,849 263,394 271,845| 280,397| 279,289| 272,120| 262,341( 253,629| 245,615
Natural SCIENCeS?......vveeeverereeenn, NA| 76,073| 72,945] 70,721| 70,711| 70,745| 70,685| 69,869| 70,263 70,800| 71,753| 73,754| 74,086 73,878 72,488 69,951| 67,234
Mathematics/computer sciences.... NA| 19,482| 20,376] 23,628 28,877 34,417 36,948| 37,334| 37,756 39,633| 39,994| 41,644| 41,129| 39,087| 37,554 37,596| 37,008
Social SCIences .........oovvveeeecrreenee NA| 73,322| 70,687] 66,051 59,625| 57,391 57,526 57,097| 58,387 60,008| 62,237| 64,197 64,908| 64,181 63,114 61,111| 59,080
ENgineering...........cocovevvvvviniennn. NA| 64,985| 65,852] 71,809 81,312| 84,911] 90,990| 89,705 90,443[ 92,953| 97,861]|100,802] 99,166| 94,974| 89,185 84,971 82,293
Female enroliment
Science and engineering.................| NA| 77,954| 89,311| 99,877(106,540|110,662(117,192(121,272| 125,898 133,741| 140,852| 150,247 156,597| 159,131{ 160,214 161,734 162,029
Natural SCIENCES2.......ovvvvverereriren, NA| 25,148| 27,926] 29,896( 32,268| 33,329| 34,278| 35,660| 37,038 38564| 40,721| 42,945| 45403| 46,955| 47,837 47,726| 47,463
Mathematics/computer sciences.... NA| 5678 6,345 8,690 11,814 12,915| 13,611| 13,970| 13973 14,398| 14,568| 15,004| 15060| 14,620 14,387 15,011| 15,761
Social SCIENCES P....ovvvvereeereeeenes NA| 43,428| 49,164| 53545 52,651| 53,338| 56,340| 58,518| 61,287 66,107 69,848 75,065| 78,442| 79,507 79,976 80,745| 80,090
ENgineering..........couovveovvrrenrennn. NA| 3700] 5.876] 7,746 9,807| 11,080| 12,963| 13,124| 13,600 14,672| 15715| 17,233| 17,692| 18,049 18,014| 18252| 18,715

2 Natural sciences here include physical, earth, atmospheric, oceanographic, biological, and agricultural sciences.

b . . . . . .
Social sciences include psychology, sociology, and other social sciences.

KEY: NA= not available

NOTE:  For detailed statistical tables on graduate enroliments, see Division of Science Resources Studies home page (http://www.nsf.gov/sbe/srs/stats.htm), Fall 1997 Supplementary Data Releases: Trends in Graduate

Enrollment; 1975-1997.

SOURCE: National Science Foundation, Division of Science Resources Studies, Graduate Students and Postdoctorates in Science and Engineering: Fall, 1997, NSF 99-325 (Arlington, VA, 1999).



Appendix table 2. Graduate enrollment in science and engineering, by field, race/ethnicity, and citizenship: 1983-97
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Field and race/ethnicity 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 ! 1997
Total enrollment
Science and enaineering..........coccveevnn. 347,014] 349,875| 358,201 368,212| 373,425 375,287| 382,769 397,135| 412,697| 430,644| 435,886 431,251 | 422,555| 415,363| 407,644
Natural SCIENCES 2.......oveveeereeeecrererene 102,968| 103,547 103,990( 105,541| 104,974 105,529| 107,301 109,364| 112,474 116,699| 119,489| 120,833| 120,325| 117,677| 114,697
Mathematics/computer sciences............ 40,713 42,985| 47,341 49,316 50,575( 51,304| 51,729 54,031| 54,562 56,648| 56,189 53,707| 51,941 52,607| 52,769
Social SCIeNCeS .........ovvvvveeeensesereens 112,236] 110,647| 110,808| 111,499 113,939| 115,625| 119,696( 126,115| 132,085( 139,262| 143,350| 143,688 143,090 141,856| 139,170
ENQINEEring........cocvvveeerernererreineereees 91,097 92,696] 95,982|101,856|103,937]102,829( 104,043| 107,625| 113,576 118,035| 116,858| 113,023 107,199| 103,223| 101,008
U.S. citizen enrollment

Total SEE ... 276,784 277,682| 281,388| 284,231| 284,631 ( 281,672| 284,686( 294,318| 304,063| 321,182 330,169| 329,095 324,017( 317,209 308,835
Natural SCIENCES 2......vvevvevreeeereeiesirins 84,700 84,712| 83,663| 82,854 80,562 79,431| 79,242 79,521| 81,148 84,893 88,164| 89,890( 90,648 89,276| 87,376
Mathematics/computer sciences............ 30,306 31,532| 34,499 35,448| 35,669 35,895| 35352 36,561 36,306 38,041 38,135 36,580| 35,338 34,991| 34,413
Social SCIeNCeS .........ovvvvveereesreeern 98,173| 96,644| 95978| 96,018| 97,831 98,743(102,746|108,810| 114,376(121,653| 126,279| 126,586| 126,299| 124,748| 122,460
ENQINEEriNg.......cvvvervvereiirierieisrernines 63,605| 64,794 67,160 69,911| 70,569| 67,603 67,346| 69,426| 72,233 76,595| 77,591| 76,039 71,732| 68,194| 64,586
White, SEE........ooiereee 224,705| 224,705| 224,705( 224,705| 224,705| 229,037| 229,694 238,472| 243,602| 253,435| 256,859( 255,719| 245,889| 238,077 227,936
Natural SCIENCES 2.......cvveveeeercererean. 74337 74,046 71971| 71,713| 69,100| 68,737 68,110| 68,736| 69,472 71,328| 72)552| 74,134| 73,296| 71,777| 69,021
Mathematics/computer sciences............ 23,823| 24,040 25511| 26,053| 26,806| 27,479( 26,560| 27,897| 26,921( 27,744| 27,332| 26,205 24,398| 23,644| 22,432
S0Cial SCIENCES ..o 77,963 75,787| 76,129| 76,930 79,157| 80,492 83,531| 88,632 92,425| 96,967 99,535| 99,360 96,239| 93,544 90,466
Engineering..........c.c...... 48582 48582 48582| 48582 48582| 52,329| 51,493 53,207| 54,784| 57,396 57,440| 56,020 51,956 49,112| 46,017
Asian/Pacific Islander, S&E..................... 9,353| 10,172] 12,000| 12,775 14,572 15188 15,693| 17,155( 18,136| 21,752 24,059| 26,474 25,901| 25,947( 26,078
Natural SCIENCES 2.......oveveeeeeeeeceeereene 2,378 2526] 2,712 2,761 3,043| 3478 3,604| 3928 4,267| 5,035 6,162| 6,606 6,778 6,899 6,835
Mathematics/computer sciences............ 1666 1,816 2491 2770| 3,235| 3438 3430| 3,710 3,724 47362| 4586 5264| 5174| 5494 5754
S0Cial SCIENCES ... 1903 2,018 1992 2130| 2436| 2362 2,648| 2,830( 3,029 3,863| 4,324 4827| 4941| 5117 5335
ENgINEering........coceceereereererevneeneeneees 3,406 3812 4,805| 5114 5858| 5910( 6,011 6,687 7,116| 8492 8987 9,777 9,008 8437 8154
BIack, S&E........ccocnvrmiirninirneirereieiieens 10,903| 10,711| 10462| 10,470 10,429| 11,191 11,775| 12,774| 13,691 15445| 17118| 17,611| 18,283| 19,071| 19,363
Natural SCIENCES 2.......oveveeeeerrcreierene 1,980 2,000 1982 1845| 1,817| 1972 2,093| 2184 2302 2,711| 3,042 3,007| 3,289| 3487 3558
Mathematics/computer sciences............ 971 960] 1,031 1,151 1,210 1,261 1,311 1496 1,617| 1,687 1,878 1,855 1,844| 1,989 1,960
Social SCIENCES P......ovevvvvrvvriesiris 6,574 6,306| 6,062 6,022 5986| 6,458 6,755| 7,308| 7,747 8,673| 9,639| 9,965 10,294| 10,700 10,971
ENQINEEriNg........covvvreeveeriierreniereies 1378 1,445 1387 1452| 1416| 15001 1616| 1,786 2,025 2374| 2559 2,784| 2,856 2,895 2874

See explanatory information and SOURCE at end of table.
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Appendix table 2. Graduate enrollment in science and engineering, by field, race/ethnicity, and citizenship: 1983-97 (Continued)

Page 2 of 2
Field and race/ethnicity 1983 | 1984 | 1085 | 1986 | 1987 | 1088 | 1989 | 1990 | 1091 | 1992 | 1093 | 1904 | 1995 | 1996 01997
U.S. citizen enrollment
Hispanic, S&E........ccc.comevmreemrenrrerneieneens 8811| 8681 8613 8660| 8823 9,098| 9436| 10,159| 11,045 12,246| 13,381| 13,281| 14,117| 14,638 14,988
Natural SCIENCES 2.......cvveveeveeeeeeereene 1919 1,892 2,092 2118| 2,071 2228 2386| 2,375 2552 2,726] 3,075 2933| 3,209| 3,338 3574
Mathematics/computer sciences............ 615 585 750 723 817 844 847 916 980( 1,082| 1,111 1,002 1,064| 1,126 1,152
Social SCIENCES P...vvvvvvvveveveviins 4836 4,713 4,290 4,217 4,205| 4,307| 4496 4,982 5389| 5975 6501| 6,485 7,036| 7,239| 7451
ENgIiNeering.........c.coeevevevrcrneneeriennns 14411 1491 1481 1602| 1,730| 1,719| 1,707 1,886| 2124 2463| 2,694 2861| 2808| 2935| 2811
American Indian/Alaskan Native, S&E..... 911 830 736 743 783 918 860 1,054| 1,120( 1,243| 1,309| 1,383 1516| 1,539 1,599
Natural SCIENCES %......ovververrerierieinene 224 206 167 196 183 216 180 255 251 282 318 336 393 374 412
Mathematics/computer sciences............ 53 71 79 52 76 71 74 64 62 99 100 79 125 94 103
Social SCIENCeS ..........vvvvveeesnieeiieenrnns 454 361 368 365 401 488 484 583 622 685 680 726 767 837 846
ENgIiNEering........ccoceeeereereevereeneneeieies 180 192 122 130 123 143 122 152 185 177 211 242 231 234 238
Unknown, SEE.........ccoovinininenininne 22,101 24,179] 25,825| 23961 21,160| 16,240( 17,228| 14,704 16,469| 17,061 17,443| 14,627 18311| 17,937 18,871
Natural SCIENCES ..o 3862 4,042 4819 4,221 4348| 2800| 2,869 2,043 2304| 2811| 3015 2,874 3683| 3401| 3976
Mathematics/computer sciences............ 3,178 4,060| 4,637 4,699 3525| 2802 3130| 2478 3,002| 3,067 3128] 2175 2,733| 2,644 3,012
S0Cial SCIENCES P.vvovveereeeeee e 6,443| 7459| 7,145 6,354| 5646 4,636 4832| 4475\ 5164| 5490 5600| 5223 7,022 7,311 7391
ENGINEEIING......covorerererirerri i 8618| 8,618 9,224 8687| 7641 6,002| 6397| 5708| 5999 5693| 5700 4,355| 4,873 4581| 4,492
Foreign citizen enroliment

Total S&E........ccvereiriererinersieeneis 70,230 72,193| 76,813| 83,981 88,794| 93,615 98,083|102,817(108,634|109,462( 105,717| 102,156 98,538| 98,154 98,809
Natural SCIENCES2.......cvvvvverevrerieiinns 18,268 18,835 20,327| 22,687| 24,412( 26,098 28,059 29,843| 31,326 31,806| 31,325| 30,943| 29,677 28,401| 27,321
Mathematics/computer sciences............ 10,407 11,453| 12,842 13,868| 14,906 15409| 16,377| 17,470| 18,256 18,607| 18,054| 17,127| 16,603 17,616| 18,356
S0Cial SCIENCES P.vvvvverreeeeeeeeee e 14,063| 14,003| 14,830| 15481| 16,108 16,882| 16,950| 17,305 17,709| 17,609| 17,071| 17,102 16,791| 17,108| 16,710
ENGINEETING.......oooverereriirireciecriiirinciinae, 27,492 27,902| 28,822 31,945| 33,368| 35226| 36,697| 38,199| 41,343 41,440| 39,267| 36,984| 35467 35029| 36,422

2 Natural sciences here include physical, earth, atmospheric, oceanographic, biological, and agricultural sciences.

® Social sciences include psychology, sociology, and other social sciences.

KEY: NA= not available

NOTE: For detailed statistical tables on graduate enrollments, see Division of Science Resources Studies home page (http://www.nsf.gov/sbe/srs/stats.htm), Fall 1997 Supplementary Data Releases:
Trends in Graduate Enroliment, 1975-1997.

SOURCE: National Science Foundation, Division of Science Resources Studies, Graduate Students and Postdoctorates in Science and Engineering: Fall, 1997, NSF 99-325 (Arlington, VA, 1999).



Appendix table 3. Earned master's degrees, by field and sex: 1975-96
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Field 1075 | 1077 | 1079 | 1981 | 1083 | 1084 | 1985 | 1986 | 1987 | 1988 | 1089 | 1990 | 1991 | 1097 | 1993 | 1994 | 1995 | 1996

All master's dearee recipients
All dEIEES 293,651| 318,241| 302,075| 296,798| 290,931 285,462| 287,213| 289,829| 290,532{ 300,091 | 311,050( 324,947] 338,498 354,207 370,973| 389,008 399,428] 408,932
Science and engineering.............] 63.198| 67,397| 64,226| 64.366| 67,716| 68.564| 70562 71,831| 72.603| 73.655| 76,425| 77.788| 78368 81,107| 86,425| 91411| 94,300| 95313
Natural SCIENCES.....orvrrorro 14,831| 15360 15443| 14,349| 14380 14,231| 13972| 13910| 13400| 13184| 13218| 12,928 12.682| 13232 13474| 14,367| 14,793| 16,158
PRYSICL. oo 4208| 3641 3650| 3366| 3285| 3544| 3605| 3640 3574| 3708| 3876| 3805| 3777| 3922| 3965 4263 4241| 4364
Earth/atm/ocean.............o..... 1503| 1650| 1777 1876 1959| 1982| 2160 2234| 2051| 1920 1819| 1596| 1499 1425| 1.397| 1418] 1483| 1487
Biological/adficultural................ 9,030| 10,060| 10016| 9,107| 9.136| 8705| 8207| 8027 7.775| 7.556| 7523| 7.527| 7.406| 7885 8112 8686 9.089| 10307
Mathematicsicomputer sciences...| 6,637| 6.496| 6101| 6787| 8160| 8939| 9989 11,241] 11,808| 12,600 12,820| 13327| 12.956| 13,320| 14,100| 14350| 14,495| 14355
MatheMaticS. ... 4338| 3698| 3046| 2569| 2.839| 2749| 2888 3171| 3327| 3434| 3430| 3684| 3632 3665 3751 3.804| 3932 3742
Computer SCIences................ 2299 2798 3055 4218| 5321 6190| 7.101| 8070| 8481 9.166| 9399 9,643 9.324| 9655 10349 10546| 10563| 10613
Sociallbehavioral sciences............ 26,563| 20529| 27.403| 26,779| 26,200 25249| 25:620| 25584| 25325| 25.145| 26,635| 27,538| 28.717| 20537| 31,187| 33.977| 36391| 37,039
PSYCNOI0GY oo 7.104| 8320] 8031 8039 8439 8073| 8481 8363| 8165\ 7.925| 8652| 9308 9.802| 9652 10412| 11572| 13132 13,043
SOCIl SCIENCES..r v 19.450| 21209| 19372| 18.740| 17651 17,176| 17.148| 17.221| 17,160| 17.220| 17.983| 18,230 18.915| 19.685| 20,775| 22,405| 23.259| 23,996
ENGINNING. oo 15,167| 16012| 15279| 16.451| 18886 20,145| 20.972| 21,006 22,070| 22.726| 23,743| 23.995| 24,013| 25018 27.664| 28717| 28630| 27.761
Chemical encineefing............... 1078| 1179| 1276| 1406 1545 1708| 1814 1641| 1386 1322 1321 1205| 1005] 1,145 1220 1287 1369 1416
Civil eNGINEENiNg. oo 3268| 3606| 3,165 3428| 3504| 3551| 3542| 3281| 3267| 3134 3206| 3213 3404| 3755 4438| 4918| 5168| 5002
Electrical engineering................ 3471| 3788| 3506 3902| 4819 5519| 5649 6147| 6895\ 7.455| 7849 8009 7.942| 8274 8828 8870| 8743| 8,156
Industrial endineering..... 1687| 1600| 1502 1631 1432| 1557| 1463| 1653| 1728| 1816 1823| 1834 2039| 2370 2745| 2882 2873| 3027
Mechanical encineering 2032| 2004| 2012| 2419| 2683 2964| 3272| 3256 3380\ 3513| 3703| 1834 3680 3826 4,169 4277| a368| 4009
Other enGiNeering............... 3631| 3736| 3728 3665| 4903| 4756| 5232| 5118 5414\ 5486| 5751| 6,104 5923| 5648 6264 6483 6109| 6,151
Engineering technology. ...e..eees 371 505|  496] 532 622l 694 816l o25| 883| 9sol 1135| 1104 1188| 1278 1555| 15470 1577]  NA

Males

All dEGIE S 162,115 168,210] 153.772] 147,431 145,114] 143,998[ 143 716[ 143,932{ 141,655 145,403] 149,309] 154,025] 156,895] 162,299] 169,753] 176,762] 179,198] 180,360
Science and engineering............. 49.410| 50,899| 46,614| 45505| 46718| 47,033| 48.232| 48611| 48.750| 49.820| 50,845| 51,230 50,441| 52.157| 55454| 57,970| 58518| 57,860
Natural SCIENCES.....orvrrr s 11,700| 11633| 11,223| 10222 9814| 9513| 9200 9133\ 8652| 8562 8383 8052 7794 8118 8181 8539 8730 9,204
Y 3645| 2981 2971| 2601 2600 2698| 2775| 2736| 2684| 2817| 2836| 2754| 2703| 2834| 2704 3030| 2958| 2914
Earth/atm/oCean..............o..... 1300| 1433 1467 1470 1515 1517| 1639 1717| 1531] 1433 1337| 1218 1116] 1057 1006| 994 1032| 1,051
Biological/agricultural................ 6755 7.219| 6785 6061 5699 50208| 4876 4680 4437\ 4312| 4210] 4080 3975\ 4207| 4381 4515 4740 5259
Mathematics/computer sciences....| 4,871 4,730 4,469 4,939| 5672| 6,174 6,941| 7,713 8,011| 8,759| 8,833] 9,176 8,709 9,199 9,773| 10,128 10,130| 9,999
Mathematics. ... 2010 2398 1989 1692| 1850 1,795| 1877| 2055 2026\ 2057| 2060| 2208 2146| 2219 2219 2311 2353| 2236
Computer SCIeNCes................ 1961 2332 2480| 3247| 3813| 4379 5064| 5658| 5985 6702 6773| 6968 6563 6980 7554 7817| 7.777| 7.763
Sociallbehavioral sciences........... 18,035| 19222 16,580| 15,222| 14101 13,301| 13273| 13,069| 12,796| 125581 | 12.968| 13276| 13282| 13.491| 13.930| 15,000| 15660| 15628
PSYCNOI0GY oo 4059| 4316| 3688 3371| 3254| 2980| 3064| 2937 2838| 2599| 2814| 3025| 2994| 2920| 2928 3287| 3735 3670
S0Cil SCIENCES. .o 13,976| 14006| 12802| 11.851| 10847 10321| 10209| 10132| 9.958| 9982| 10154| 10251 10288| 10562| 11.002| 11.722| 11005 11,958

See explanatory information and SOURCE at end of table.



Appendix table 3. Earned master's degrees, by field and sex: 1975-96 (Continued)

Page 2 of 2
Field 1975 | 1977 | 1979 | 1981 | 1083 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1092 [ 1993 | 1994 | 1995 | 1996
Males
ENGINEEIING. o1 vrseerersserreeen 14795| 15314| 14342| 15122| 17,131| 18,045 18,728| 18,696| 19,300 19,918 20,661| 20,726| 20,656| 21,349| 23570( 24,204| 23998| 23,009
Chemical endineering 1,051| 1110] 1,156| 1230 1369 1590| 1520 1401| 1,043| 1107| 1,002| 1013| 852] 914] 996| 1008| 1063 1110
Civil enQINEering........c..erseere 3161 3421 2951 3112 3122| 3136| 3128\ 2908 2792| 2721| 2851 2693 2.864| 31200 3607| 3965 4,123| 3938
Electrical engineering................ 3413| 3654| 3453| 3681 4484| 5081 5154| 5508| 6,178 6642| 6933 7018 7008 7200 7777| 7,721 7,539 6,960
Industrial engineering............... 1631 1534 1374| 1465 1206| 1279| 1236 1374| 1400 1492| 1465 1493 1,603| 1898 2190 2346 2,361| 2403
Mechanical engineering.............. 2012| 2039| 1939 2202 2517| 2765 3044 3002| 3133 3218 3377 3276| 3320 3455 3769| 3860 3918 3555
Other engineering...................... 3527 3556| 3469| 3342 4413| 4104| 4637\ 4503| 4645 4738| 4943 5233| 5000 4733 5231 5394 4,904 5043
Engineering technology........cc..... 281] 380 372|380 510 580l 674|710l  678]  738| 892|888l sssl o973l 1472 1164 1136]  NA
Females
Al AEATEES ..o 131,536 150,031| 148,303| 149,367| 145,817 141,464 143,497| 145,897 | 148,877| 154,688 161,651 170,922| 181,603] 191,908| 201,220| 212,246 220,230| 228,572
Science and engineering.............. 13,788| 16,498| 17,612| 18,861| 20998| 21,531| 22,330| 23220 23844| 23:835| 25580| 26,558| 27,927| 28,950| 30,971| 33.441| 35,791| 37453
NaLUFal SCIENCES...vrrerrrerrreeren 3122 3727| 4200| 4127 4566 4718| 4682 4777| 4748 4622| 4835 4876| 4888 5114| 5203 5828 6,063 6934
T 653 660 679 675 685| 846| 830| 913| 890 891| 1040| 1,051 1074| 1,088 1171 1,233| 1283 1,450
Earth/atm/ocean. ...........oooero, 194 206| 310 406| 444| 465| s21| 517|520 487| 482|378l 383|368 301 424 451 436
Biological/agricultural............... 2215 2841 3231 3046 3437| 3407| 3331 3347| 3338 3244| 3313 3447| 3431 3658 3731 4171 4320| 5048
Mathematics/computer sciences...| 1,766| 1766 1,632| 1848| 2488 2765 3048| 3528| 3797 3841| 3996| 4151 4247| 4121 4327] 4222| 4365 4356
Mathematics...........ooereerseern 1428| 1300] 1057 877 980 954 1011 1116| 1,301 1377| 1,370 1476 1.486| 1446 1532| 1493 1,579 1,506
COMPULET SCIENCES...rrrvvrrserreee 338  466| 575| o71| 1508 1811 2037 2412| 2496| 2464 2626| 2675 2761 2,675 2,795| 2,729| 2,786| 2,850
Sociallbehavioral SCiENces........... 8,528| 10,307| 10,823| 11,557| 12,189| 11,948| 12,356| 12,515| 12,529| 12,564 13,667| 14,262| 15435| 16,046| 17,257| 18968 20,731| 21411
PSYCNOIOGY...orrerrserreerseerr e 3045 4004| 4343 4668 5185\ 5003 5417| 5426| 5327| 5326| 5838 67283| 6.808| 6923 7.484| 8285 9307 9,373
S0Cial SCIENCES....rrrerrrerrrerren 5483 6303| 6480 6,889 7004| 6855 6939 7.089| 70202| 7238 7,820 7979 8627| 9123 9773 10683| 11,334| 12,038
ENGINEEMING. o1 errreereesserreenn 372 98| 937| 1329| 1,755 2100| 2244 2400| 2770| 2808| 3082| 3269 3357| 3669 4004 4423 4632 4752
Chemical engineering................. 27 69| 1200 176| 176| 208 285| 240| 243 215 220| 192] 173 231 224 279] 306|306
Civil engINEering.....oo.cvvrsere 107 185| 214] 316 382] 415\ 414| 373| 475|  413| 445|520  ss0| 635 831 953 1045| 1,064
Electrical engineering................. 5g| 134 143| 221| 335| 438] 405| e30| 717| 813| 916|991 934 1045] 1051 1140 1204| 1,19
Industrial engineering................. 56 75| 128 166| 208 278| 227|279 319| 324| 358 341| 436| 472l 5s5|  536] 512|624
Mechanical encineering.............. 20 55 73| 1271 16| 199| 228 254|247 205| 326| 354] 360| 371 400| 417| 450|454
Other engineering...................... 104 180] 25| 323 400| s62| 595| 615| 769 748| 808| 871 914| 915 1033 1,089 1115 1,108
ENQIneening technology. ... ool 116 125l 1sp| 103 114| 142] 2150 205|242l 243 308] 300l 3071 383 383 441  NA

KEY: NA = not available

SOURCES: National Center for Education Statistics, Earned Degrees and Completion Surveys (Washington, DC: 1996), unpublished tabulations; and National Science Foundation, Division of Science Resources Studies, Science
Engineering Degrees 1966-96, NSF 99-330 (Arlington, VA).
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Appendix table 4. Earned master's degrees, by field, race/ethnicity, and citizenship: 1977-96

Page 1 of 2
Field and race/ethnicity 1977 | 1979 | 1081 | 1985 | 1987 [ 1080 | 1900 | 1991 | 1092 | 1903 | 1994 | 1995 | 1906
Il master's degree recipients
All EATEES.....cvivivereiiiiieieeeee e 318,241 302,075 296,798 287,213] 290,532 311,050 324,947 338,498 354,207| 370,973| 389,008] 399,428] 408,932
Science and eNaiNEENiNG........cc.evvevevrnverernen. 63,779] 59.684] 59.598] 64.726| 66,774| 70333 72,228 72,828] 76.184| 81.415| 86,080] 88,431| 88,730
Natural SCIENCES 2.......ovveveeeeereesieeesnae 16,234] 16,350] 15,332] 14,045| 13461| 13,260 12,966 12,713] 13.226] 13.462| 14,340 14,770 16,093
Mathematics/computer sciences.................. 6,496 6,101 6,787 9,989 11,808 12,829 13,327| 12956] 13549| 14251| 14529 14522 14,260
S0Cial SCIENCES.vvveeeeeeee e, 24,798] 21,723) 20,763] 19,757| 19,448 20,509 21,950f 23,152 24,399| 26,044 28504] 30.522| 30.620
Enaineering................... 16,251 15,510] 16,716] 20935| 22,057 23,735 23,985| 24,007 25,010] 27,658] 28,707 28,617 27,757
Enaineering technoloay NA NA NA 816 883 1135 1.188 1.555 1.547 1577 1547 1577 1.651
U.S_ citizens and permanent residents
All dearees 300,334 281,811) 273,1841 254,401| 246,939 278,927 290,345 300,887 314,555| 326,864 342,502] 350,672] 360,682
Science and eNaiNEEriNG........cc.cvverevrrerrrrnrnnne 55,063| 50,846| 49,340} 50,751 50,330| 55,190] 55,890 55,779] 58.177| 61.265| 65201] 67,110 68,151
Natural SCIENCES 2.......vvvevveeeeereeseeeeseae 14437 14410) 13411) 11676] 10,721] 10,756] 10,234 9,857] 10,191| 10317| 10,929 11471 12,720
Mathematics/computer sciences.................. 5,760 5,099 5,342 7,385 8,179 9411 9,729 9,078 9,268 9,334 9,522 9,486 9,308
S0Cial SCIENCES.vvveveeeeeeeeseee e 23,071 19,920 18,785] 17,230| 15,990 18,035| 19,181 20,357 21,607 23,075 25,400 27,232 27,361
ENGINEENING. ..ot 12,695 11.417] 11,802 14.460| 15440 16,988| 16,746 16,487 17,111] 18,539] 19,350 18,921| 18,762
Engineering technology........cocoeeiveviiiiiinnnn NA NA NA 596 712 909 959 1,175 1,256 1268] 10,026] 10,191| 10,593
White, all dearees.............. 266,109 249,401) 241255 223,649| 216,807| 230,322| 236.874| 247,524 257,062| 265,668| 273,913 277,437 282,713
Science and enaineerina 50,420] 45748] 43967] 43982 43360| 43945 44450 44513] 45.649| 47975 50,711] 514171 51,791
Natural SCIENCES 2.......ovveveereereeseeeeeae 13405 13282) 12411] 10,559 9,623 9,262 8,722 8,300 8,393 8,504 8,859 9,242] 10,332
Mathematics/computer sciences................. 5256] 4,625 4,708 6,176 6,729 6.818 7,020 6,705 6,743 6.818 6,665 6,547 6,340
Social sciences®.... 20,315] 17,759) 16,701] 15,061| 14,171| 15,033| 15,849 16,873 17,761 18,733| 20,718] 21.807| 21546
Enaineering................... .| 11444 10082) 101471 12186] 12,837 12,832 12,859| 12,635] 12,752| 13,920| 14,469| 13,821 13,573
_Enaineering technoloQV......ooooeeieeieiiinnn) NA NA NA 526 581 802 830 1.041 994 982 994 982 1.053
Asian/Pacific Islander, all dearees.................... 5,145 5,519 6.304 7.805 8,129 10174 9,994 11,070 12293| 13.169| 14559 15906 17.281
Science and eNAINEENNG........ccvreeevreerrerrenns 1,749 1,929 2,170 3,285 3,455 4,100 4,055 4,310 4,763 4,846 5422 5,683 5,942
Natural SCIENCES ........oovveveeeeeereeeeeeeae 388 469] 365 450 464 545 504 532 610 615 698 802 933
Mathematics/computer sciences................. 198 253 376 779 962 1,072 1,125 1,203 1,306 1,303 1,461 1478 1472
Social SCIences’......ovvevvverneee, 426 357 350 505 379 491 563 567] 624 668 820 831 916
Enaineering................... 737 850 1,079 1,551 1,650 1,992 1,863 2,008 2,223 2,260 2,443 2,572 2,621
_Enqineering technolo@V.....c.oooeeceeeeieieiinnne.. NA NA NA 25 46 40 60 40 46 55 46 55 61
Black, all dearees.........ocvveverveveieeiieseierinenns 21,041 19.422) 17.152] 13.960| 13,173| 13455 14.473| 15857 17.420] 18897 20936] 22954 24588
Science and eNAINEENNG........cccvvvevrevrrverrerinn. 2,321 2,003 1,801 1,742 1,784 1,652 1847 2,090 2,356 2,554 2,849 3,339 3,518
Natural SCIENCES ........oovveveeeeeereeeeeeeae 351 382 351 290 301 238 225 261 306 310 347 383 402
Mathematics/computer SCiences.................. 200 136 137 233 280 257 302 383 393 406 474 498 530
S0Cial SCIENCES ..o 1,530 1,239 1,053 889 800 802 933 1,048 1,191 1,274 1,439 1,793 1,912
ENGINEEIING.....cvvcviveieiereee e 240 246 260 330 403 355 387 398 466 564 589 665 674
_Engineering technoloaQy...coocovceciici ) NA NA NA 37 42 55 47 61 12 85 12 85 81

See explanatory information and SOURCE at end of table.



Appendix table 4. Earned master's degrees, by field, race/ethnicity, and citizenship: 1977-96 (Continued)

Page 2 of 2

Field and race/ethnicity 1977 1979 1981 1985 1987 1989 1990 1991 1992 1993 1994 1995 1996
Hispanic, all dearees.........ocvvveevieeriereinnens 7071 6,470 7439 7,730 7,781 8,133 8,495 9,684] 10,256| 11,371| 131771 13,905 15,394
Science and eNaiNEEring........cc.coveeerrercenernnns 1,325 1,001 1,237 1514 1,584 1,585 1,587 1,736 1,806 2,092 2,514 2,585 2,730
Natural SCIENCES ........ovveveereereesereeeseae 245 227 251 332 310 266 262 281 288 334 436 392 413
Mathematics/computer sciences.................. 91 61 102 149 183 178 169 213 215 240 244 273 264
S0Cial SCIENCES .vvooeeeeeeeeeeee e, 738 498 599 687 579 673 710 774 815 937 1,115 1,209 1,305
ENGINEETING.......cviveeeicteee e 251 215 285 346 512 468 446 468 488 581 719 711 748
_Enaineering technoloQV.......oooeeieeieiinnnn) NA NA NA 6 17 10 19 25 37 40 37 40 47
American Indian/Alaskan Native, all degrees.... 968 9991 1,034 1,257 1,049 1,082 1,050 1,125 1,228 1,344 1,618 1,542 1,693
Science and enaineering......c....cceveerrnerenenad 148 165 165 228 147 209 181 200) 198 253 273 299 304
Natural SCIBNCES 2.......cvvvvevrereierierenereeeeninne 48 50 33 45 23 41 31 34 37 46 44 52 41
Mathematics/computer sciences.................. 15 24 19 48 25 45 13 23 19 22 24 27 30
S0Cial SCIENCES ..vvvoveeeee e 62 67 82 88 61 90 102 103 100 135 145 177 177
ENGINEETING.......ocviveieieveie e 23 24 31 47 38 33 35 40 42 50 60 43 56
_Enaineering technologV......ooeeeeeieiiinnnn) NA NA NA 2 26 2 3 8 3 6 3 6 7

Foreign citizens

All EATEES.....covveveieiereeie s 17,345 19427] 22,058] 26,952| 28,264| 32,123 34,602 37,611] 39.652| 44,109 46506] 48,756] 48,250
Science and eNAINEENNG........cc.cvreeevrreerrerrnns 7,805 8,544 9,749] 12506| 13,045] 15143] 16,338] 17,049] 18,007| 20,150 20879 21321 20,579
Natural SCIences 2.........ccoeveeennee. 1,797 1,895 1,864 2,178 2,132 2,504 2,732 2,856 3,035 3,145 3411 3299 3373
Mathematics/computer sciences.................. 736 937 1,368 2,394 2,903 3418 3,598 3,878 4,281 4917 5007 5036 4952
Social SCIences’......ovvevvvvrreee, . 1,727 1,752 1,954 2,240 2,229 2474 2,769 2,795 2,792 2,969 3,104 3,290 3,259
ENGINEETING.......ocviveieieveie e 3,545 3,960 4,563 5,694 5,781 6,747 7,239 7,520 7,899 9,119 9,357 9,696 8,995
_Enqineering technolo@V.....ccoooveceeeeieieeirnn. NA NA NA 124 127 131 172 279 291 309 291 309 298

# Natural sciences here include physical, earth, atmospheric, oceanographic, biological, and agricultural sciences.

b Social sciences include psychology, sociology, and other social sciences.

KEY: NA = not available

NOTES: Data by raciallethnic group were collected on a biennial schedule until 1990 and annually thereafter. Data by racial/ethnic group are collected by broad fields of study only; therefore, these data
cannot be adjusted to the exact field taxonomies used by the National Science Foundation.

SOURCE: National Science Foundation, Division of Science Resources Studies, Science and Engineering Degrees, by Race, Ethnicity of Recipients: 1989-96, Early Release Tables, Website, and previous
editions.
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Appendix table 5. Earned doctoral degrees, by field and sex: 1975-97

Page 1 of 2
Field 1975 | 1977 | 1979 | 1981 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1907

All doctoral degree recipients
All dEQIEES. ..o 32,952131,716]31,239| 31,356 31,281 31,337|31,297 31,902 32,370|33,501 | 34,326 | 36,067 | 37,522 | 38,856 | 39,771 (41,017 |41,610| 42,415| 42,705
Science and engiNEering..........covvuverreerevnen. 18,799118,008|17,872]18,257]18,635|18,748(18,935 19,437 19,894 20,933 21,731 22,867 24,019 24,673 | 25,441 26,202 | 26,515| 27,230| 26,847
Natural SCIENCES. ....vvuvvrrererreneierrerseresereenes 8,103| 7,676| 7,817| 7,995| 8,194| 8,336| 8,436 8,483| 8,655| 9,172| 9,185| 9,763|10,159(10,435(10,529( 11079| 11024| 11,392 11,256
PhYSICAL....ocvvieieiessceee e 3,076 2,721| 2,674] 2,627| 2,814| 2,851| 2,934| 3,120| 3,238| 3,350| 3,261| 3,524| 3,625| 3,780| 3,699| 3,977| 3,840 3,838] 3,711
Earth, atmospheric, and oceanographic..... 625 689 642 583 624 608 599 559 602| 695 723 738 815] 794 771 824] 778 794 862
Biological/agricultural..........c.ccocvervrrierinnnd 4,402| 4,266| 4,501| 4,785| 4,756 4,877| 4,903| 4,804| 4,815| 5,127| 5,201| 5,501| 5,719| 5,861| 6,059| 6,278| 6,406| 6,760 6,683
Mathematics/computer SCIENCES.................... 1147 964 979] 960[ 987 993 998| 1,128( 1,190( 1,264| 1,471| 1,597( 1,839] 1,927| 2,026| 2021| 2188| 2,043| 2,001
MathEMALCS. ....vvuvvvreeerneereireiesiereserisneans 1,147\ 933 769 728 701| 698 688 729 740| 749 859 892 1,039 1,058| 1,146| 1,118] 1,190| 1,122| 1,112
COMPULET SCIENCES...vvvvvvrrnrerrerresrreeernenns 0 31| 210 232 286 295 310] 399 450 515 612 705 800 869 880 903 998 921 889
Sociallbehavioral SCIENCES.........cvevrvrririrriiees 6,538| 6,720| 6,582| 6,774| 6,673 6,506 6,335| 6,450( 6,337 6,310| 6,532| 6,613| 6,806] 6,873| 7,188| 7280 7296| 7,490 7,538
PSychology.......ccovevriieniceiicesieeinnn 2,751 2,990( 3,091] 3,358| 3,347 3,257 3,118| 3,126( 3,173( 3,074 3,208| 3,281 3,250 3,263| 3,419| 3,380| 3,419| 3,491 3,489
S0Cial SCIENCES......uvvreerceeiierieiriereeeennd 3,787| 3,730| 3,491| 3,416| 3,326 3,249 3,217| 3,324| 3,164| 3,236| 3,324| 3,332| 3,556| 3,610 3,769| 3,900| 3,877| 3,999 4,049
ENQINEENING. ...cvoveverieeeece e 3,011] 2,648| 2,494] 2,528 2,781| 2,913| 3,166| 3,376| 3,712| 4,187| 4,543| 4,894| 5,215| 5,438| 5,698| 5822| 6,007 6,305 6,052
Chemical engineering.......c..ccccovvvvevervveennn. 396 329 315 317 392| 409 504 531 584 685 712 658| 691] 725 737| 725| 708 798 764
Civil engineering.......ccoovveevereesneeienennns 361 336 302] 358 397 408 391 429 477 531 538 553[ 575 594| 624 684 656 697 653
Electrical engineering...........cocoovreurcerennne 714 667| 611 549 625 660| 716 806 779| 1,010 1,137( 1,276| 1,405| 1,483 1,543 1,673] 1,731 1,740 1,695
Mechanical engineering..........covevververenne) 487 372| 366| 360 379| 427| 513 536| 657 715 760 884| 875 987| 1,030 1,015 1,024| 1,052| 1,010
Materials engineering 272| 248| 236 234| 268 271 303] 305 392 374 380] 440| 489 485 535 539 588 572 573
Other engineering. ..o, 781] 696] 664 710| 720{ 738 739 769 823| 872 1016| 1,083]| 1180 1164| 1229| 1186] 1300| 1446 1357

Males

All degrees........ccovvvrveennnnns .| 25,751 (23,858 [ 22,302] 21,464 | 20,748 | 20,638 {20,553 20,595 | 20,938 (21,682 | 21,813 22,962 | 23,652 | 24,436 | 24,658 25,211|25,277| 25,470| 25,383
Science and engiNeering..........coeverrevrevnnn. 15,870 14,775 14,128] 14,056 | 13,920 13,956 14,044 | 14,270 14,582 15,271 | 15,622 | 16,498 17,088 17,593 (17,789|18,283| 18,242 18,584 18,051
Natural SCIENCES......ccevvvrvrireeriiiesieisisneeas 6,960 6,530| 6,436] 6,409| 6,360( 6,483| 6,452| 6,426 6,484 6,779 6,649| 7,101( 7,320 7,413 7,311| 7713| 7534| 7,681 7,501
PhYSICAL ... 2,812 2,477| 2,382 2,318| 2,441 2,452 2,467| 2,610( 2,710( 2,783] 2,642| 2,863| 2,946] 3,010| 2,919| 3,149| 2,962| 2,996 2,878
Earth, atmospheric, and oceanographic..... 595 630| 584 527| 529| 502| 491 464 490 560, 575 597| 636] 606 611| 641 608 622 658
Biological/agricultural.........c..cocvevvrerveninnind 3,553| 3,423( 3,470| 3,564| 3,390| 3,529| 3,494| 3,352| 3,284 3,436| 3,432| 3,641| 3,738| 3,797| 3,781| 3,923| 3,964 4,063| 3,965
Mathematics/computer SCIENCeS...........ccovvens 1,038 837| 833] 822 838 841] 859 959 1,000 1,087 1,208| 1,329 1,523| 1,602 1,624| 1648| 1737 1,673 1597
Mathematics..........vvvrverernnenn. 1,038 811 6501 616 588 583 582 608 615 628/ 704[ 734 840 853 882 882 925 891 852
Computer sciences 0 26) 183] 206[ 2501 258 277 351] 385 459 504] 595] 683] 749 742] 766] 812 782| 745

See SOURCE at end of table.
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Appendix table 5. Earned doctoral degrees, by field and sex: 1975-97 (Continued)

Page 2 of 2
Field 1975 | 1977 | 1979 | 1981 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1907
Males
Social/behavioral SCIENCES............ccoeeveveverenas 4913( 4,834| 4,427] 4,396| 4,065| 3,870( 3,765( 3,734| 3,628]| 3,504| 3,597| 3,589 3,497| 3,646| 3,678| 3735 3658| 3,701 3,648
PSychology.......ccoveeviencescsiceinn 1,878 1,902 1,831] 1,885 1,750 1,626 1,577| 1,527 1,475( 1,393| 1,408| 1,368( 1,254| 1,335| 1,331| 1,278| 1,247 1,163 1,165
Social sciences 3,035| 2,932| 2,596] 2,511 2,315| 2,244| 2,188 2,207| 2,153| 2,111| 2,189| 2,221| 2,243| 2,311| 2,347| 2,457| 2,411 2538| 2,483
ENGINEEING......cvvivvrvceiereisses e 2,959 2,574( 2,432 2,429| 2,657 2,762| 2,968| 3,151| 3,470| 3,901| 4,168( 4,479| 4,748| 4,932| 5,176| 5,187| 5,313| 5529 | 5,305
Chemical engineering............ccoeevevrerernnn. 391| 319| 306 306/ 369| 382 463 470 524| 620 632 580 608 612 643 612] 599 655 641
Civil engineering.........ccceeevevevevereverersrnnnnnns 356 328 298] 348 384| 383] 371 408 459 501 484 504] 534 544 570 604] 580 618 573
Electrical engineering...........c.ccocevevevvvnnnnn. 698 646 600 527 612| 645 681 768 747 962| 1,070| 1,192 1,326] 1,368 1,418| 1,526| 1,558| 1,571 1,545
Mechanical engineering........c..cc.cocevvvenees 483 366| 361 354/ 371| 412 487 518 640 686 731 846| 818 942[ 973 946] 961 974 923
Materials engineering 267| 238| 228 217 238| 245| 271 281 347| 341 335 391| 412| 424 457 456] 494 489 467
Other engineering............ccccociivicicnnene. 764) 677| 6391 677] 683] 695 695 706 753| 791] 916( 966| 1,050] 1,042| 1,115| 1043] 1121] 1222 | 1156
Females
All EGIEES.....cvevevveetieeececeeeee e 7,201| 7,858| 8,937| 9,892(10,533(10,699|10,744111,307]11,432(11,819(12,513(13,105|13,870|14,420]15,113(15,806 16,333 16,945 | 17,322
Science and engineering 2,929| 3,233 3,744| 4,201| 4,715| 4,792| 4,891| 5,167| 5,312| 5,662 6,109( 6,369 6,931| 7,080| 7,652| 7,919| 8,273| 8,646 | 8,769
Natural SCIENCES.......covvevererererereeeiseeeeeeeas 1,143| 1,146] 1,381] 1,586( 1,834| 1,853| 1,984| 2,057| 2,171| 2,393| 2,536| 2,662| 2,839| 3,022| 3,218 3,366] 3,490 3,711 3,755
PhYSICAL......cvrerererrecceee e 264 244 292 309 373] 399 467 510 528 567 619] 661 679] 770 780 828 878 842 833
Earth, atmospheric, and oceanographic..... 30 59 58 56 95| 106| 108 95| 112| 135 148 141] 179 188 160/ 183 170 172 204
Biological/agricultural............ccceovvevevirennnn) 849 843( 1,031] 1,221| 1,366| 1,348( 1,409| 1,452 1,531| 1,691 1,769| 1,860| 1,981| 2,064| 2,278 2355| 2442| 2,697 2,718
Mathematics/computer SCIENCES.................... 109 127| 146 138| 149| 152| 139 169] 190| 177 263| 268| 316 325 402 373 451 370 404
Mathematics........ccoevvveeeeeeeeeeereeennes 109 122 119 112 113] 115 106 121f 125| 121 155 158 199] 205 264| 236 265 231 260
COMPULEr SCIENCES.....cveveverererererrerererneenens 0 5 27 26 36 37 33 48 65 56 108 110 117 120 138 137] 186 139 144
Social/lbehavioral SCIENCES.........covvrererrrrrnrens 1625| 1886| 2155| 2378| 2608 2636| 2570| 2716| 2709| 2806| 2935 3024 3309| 3227 3510| 3545| 3638 3,789 | 3,890
PSychology.......ccoveveivienieeiceieieinn 873 1,088 1,260] 1,473 1,597 1,631 1,541 1,599( 1,698 1,681 1,800| 1,913| 1,996 1,928 2,088| 2,102| 2,172| 2,328 2,324
SoCial SCIBNCES.......cvverveerereiieeiesesisisinnd 752 798 895 905/ 1,011] 1,005( 1,029( 1,117( 1,011 1,125| 1,135 1,111 1,313] 1,299( 1,422| 1,443| 1,466] 1,461 1,566
ENQINEEIING....cviviviriiereicre e 52 74 62 99| 124 151 198 225 242| 286/ 375 415| 467 506 522| 635 694 776 747
Chemical engineering........c.ccceevevvveerererenen. 5 10 11 23 27 41 61 60 65 80 78 83 113 o4 1131 109 143 123
Civil engineering.........cccveeveveveveeveversnnnnnns 5 8 10 13 25 20 21 18 30 54 49 41 50 54 80 76 79 80
Electrical engineering.............ccoevevevevrennnn. 16 21 11 22 13 15 35 38 32 48 67 84 79 115 125| 147 173 169 150
Mechanical engineering.......c.ccoveeveveerenns 4 6 5 6 8 15 26 18 17 29 29 38 57 45 57 69 63 78 87
Materials engineering.............ccocevevevevvnnnn. 5 10 8 17 30 26 32 24 45 3 45 49 7 61 78 83 94 83 106
Other engineering........coocoeevnieniciiiinnnne. 17 19 25 33 37 43 44 63 70 81 100 117] 130] 122| 114 143] 179 224 201

SOURCE: National Science Foundation, Division of Science Resources Studies, Science and Engineering Doctorate Awards: 1997, NSF 99-323 (Arlington, VA: 1999), and previous editions.
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Appendix table 6. Earned doctoral degrees by field, race/ethnicity, and citizenship: 1977-97

Page 1 of 2
Field and race/ethnicity 1977 | 1979 | 1981 | 1983 | 1985 | 1987 | 1989 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
All doctoral degree recipients®
All dErees.....ovvreeeereieieeereees e 31,716 31,239| 31,356 31,281 31297| 32,370| 34,326| 37,534| 38,890| 39,801 41,034| 41,743| 42,415 42,705
Science and engineering.........ccoeeeveererrenne 18,008| 17,872 18,257| 18,635 18,935| 19,894 21,731| 24,023 24,675 25/443| 26,205 26,535 27,230| 26,847
Natural SCIENCES ®.vvvvvvvveeeeeeeessrssrs e, 7,676 7,817 7,995 8,194 8,436 8,655 9,185 10,164| 10,437| 10,530| 11,082| 11,033| 11,392| 11,256
Mathematics/computer sciences............. 964 979 960 987 998 1,190 1,471 1,839 1,927 2,026 2,021 2,187 2,043 2,001
Social SCIENCES ... 6,720 6,582 6,774 6,673 6,335 6,337 6,532 6,806 6,873 7,189 7,280 7,307 7,490 7,538
Engineering 2,648 2,494 2,528 2,781 3,166 3,712 4,543 5,214 5,438 5,698 5,822 6,008 6,305 6,052
U.S. citizens and permanent residents
All dEGIEES.....ovrreeereie e 27,487| 26,784 26,341 25,634 24,694| 24562 25,026 27,430| 27,990| 28,708 30,894| 32,059| 31,506, 30,601
Science and engineering 14,881 14,711| 14,654| 14518 14,065 14,055 14,591| 15914 15942| 16,573| 18,187 18,996| 18,628/ 18,005
Natural SCIENCes ®..eeevmeevvvoeeeeoonns 6,427 6,604 6,640 6,706 6,634 6,450 6,628 7,063 7,039 7,092 8,106 8,362 8,067 7,809
Mathematics/computer sciences............. 769 778 713 664 631 671 824 969 996 1,099 1,200 1,387 1,159 1,122
S0cial SCIENCES .o 5,886 5712 5,830 5,666 5,206 5,021 4,910 5,408 5,387 5,685 5,828 5,905 6,019 5,793
ENGINEering.........ccovovvvveriervesneiesinnens 1,799 1,617 1,471 1,482 1,594 1,913 2,229 2,474 2,520 2,697 3,053 3,342 3,383 3,281
White, all degrees.........covvvevrvnreererinnniennns 23,654| 22,396| 22,470| 22,251 21,306| 21,122| 21,570| 23,185 23,625 24,052 24,594| 24,719| 24,685 23,789
Science and engineering.........ccoeveveererrenne. 12,875 12,314 12,573| 12,671| 12,169| 12,052| 12,501| 13,323| 13,326| 13,737| 13,889 13,902| 13,999| 13,623
Natural SCIENCES ®.vvvvvvvveeeeeeeeeeresss e 5,598 5,620 5,771 5,981 5,903 5,663 5,800 6,111 6,019 5,950 6,123 5,978 5,952 5,866
Mathematics/computer sciences............. 671 658 610 569 527 548 688 774 803 886 880 988 834 827
Social SCIENCES ..o 5177 4,879 5,099 4,993 4,551 4,383 4,287 4,601 4,624 4,876 4,866 4,846 4,953 4,668
Engineering...........ccoovvevrvninevrerinnnns 1,429 1,157 1,093 1,128 1,188 1,458 1,726 1,837 1,880 2,025 2,020 2,090 2,260 2,262
Asian/Pacific Islander, all degrees... 910 1,102 1,073 1,042 1,070 1,168 1,268 1,531 1,764 2,017 3,546 4,309 3,697 3,140
Science and engineering..........c.coveeevreenees 745 884 827 780 809 925 986 1,180 1,345 1,610 2,989 3,671 3,091 2,527
Natural SCIENCES ®..vvvvvvveeeeeeeeeersrsssesss 342 377 344 359 346 369 403 474 560 686 1,481 1,858 1,550 1,255
Mathematics/computer sciences............. 42 55 56 54 50 67 76 123 138 156 259 345 251 205
S0cial SCIENCES ... 112 146 142 120 132 162 146 178 196 241 382 435 395 363
Engineering...........ccoovvevreninenrerinnens 249 306 285 247 281 327 361 405 451 527 867 1,033 895 704
Black, all degrees.........ccovvvevvververeinenenenns 1,191 1,112 1,110 1,005 1,043 910 962 1,166 1,116 1,280 1,279 1,477 1,457 1,476
Science and engineering.........cocoveerevreenees 342 347 346 338 374 319 366 464 408 469 500 560 576 607
Natural SCIENCES ®.vvvvvvvveeeeeeeeerrsers s 85 84 89 84 100 95 105 116 107 136 153 171 187 191
Mathematics/computer sciences............. 9 12 1 6 10 13 9 19 9 14 21 16 20 11
Social SCIENCES ... 233 231 227 219 230 186 219 274 243 269 272 302 295 308
Engineering 15 20 19 29 34 25 33 55 49 50 54 71 74 97

See explanatory information and SOURCE at end of table.
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Appendix table 6. Earned doctoral degrees by field, race/ethnicity, and citizenship: 1977-97 (Continued)

Page 2 of 2
Field and race/ethnicity 1977 1979 1981 1983 1985 1987 1989 1991 1992 1993 1994 1995 1996 1997
Hispanic, all degrees............cccovveverererenerenen. 489 547 529 608 634 708 694 867 909 973 1,030 1,061 1,105 1,181
Science and engineering...........coe.veveeeeees 203 234 240 284 296 357 382 492 513 542 548 571 623 645
Natural SCIENCES ......ovvvvvveeeeeeeeeesrsceee 76 84 93 86 107 138 157 191 208 226 254 234 229 251
Mathematics/computer sciences... 12 12 5 7 18 15 15 21 20 23 20 21 26 34
Social sciences °... 9N 114 126 162 149 170 163 220 214 227 208 239 270 265
ENgineering..........c.ocvvveevrvcnirvinirenn. 24 24 16 29 22 34 47 60 71 66 66 77 98 95
American Indian/Alaskan Native,
all dEgrees.....ovvvvevvvesie e 66 81 85 82 96 115 94 132 149 120 143 149 187 151
Science and engineering..........cc.cooevevrnenes 31 29 28 30 41 53 53 56 69 43 64 69 96 71
Natural SCIENCes °.........cc....oovrrvvrrers 14 6 8 13 21 20 25 27 26 17 24 26 34 24
Mathematics/computer sciences............. 1 1 1 1 0 3 2 1 4 2 3 2 5 2
S0cial SCIENGES ......vvvveeeereeeeesneerrieenne 15 19 15 15 19 23 19 22 28 22 31 31 43 33
Engineering..........c.ocovvevcenivcinernineinns 1 3 4 1 1 7 7 6 11 2 6 10 14 12
Temporary residents
Total, all degrees.........covnerneenerneererseirerieens 3,448 3,587 3,940 4498 5227| 5612| 6,648 9,311 9,953| 9,932 9,406 8,810 9,610/ 8,463
Science and engineering...........cueeveereenees 2,675 2,689 2983| 3412| 4,047| 4,468 5391 7,641 8,092 8,113 7,521 6,994 7,802 6,948
Natural SCIENCES ..o 1,079 1,046 1,140 1,273 1,517 1,704 1,975 2,936 3213] 3,191 2,815 2,501 3,026| 2,786
Mathematics/computer sciences............. 170 181 226 281 327 445 524 846 876 865 791 747 817 730
Social SCIENCES ........vvveerveeeeererreesnereons 651 645 675 688 784 787 952 1,226 1,260 1,273 1,262 1,222 1,243 1,036
ENgINEering.......covvvvemeerrerneereireisnereenees 775 817 942 1,170 1,419 1,532 1,940 2,633] 2,743| 2,784| 2653| 2,524 2,716] 2,396
Citizenship unknown
Total, all dEgrees.......ovvrnrrnrernrreereiseeeriees 781 868 1,075 1,149 1,376|  2,196| 2,652 793 947 1,161 734 874 1,299 3,641
Science and engineering...........coeevevereeees 452 472 620 705 823 1,371 1,749 468 641 757 497 545 800 1,894
Natural SCIENCES "......ovvvvvveeereeeeeerrscceee 170 167 215 215 285 501 582 165 185 247 161 170 299 661
Mathematics/computer sciences............. 25 20 21 42 40 74 123 24 55 62 30 53 67 149
S0Cial SCIENCES ...oovvveeveveerese e 183 225 269 319 345 529 670 172 226 231 190 180 228 709
Engineering 74 60 115 129 153 267 374 107 175 217 116 142 206 375

? Data include all doctorates awarded to U.S. citizens and permanent residents, temporary residents, and people of unknown citizenship.

® Natural sciences include physical, earth, atmospheric, oceanographic, biological, and agricultural sciences. Social sciences include psychology, sociology, and other

social sciences.

¢ Social sciences include psychology, sociology, and other social sciences.
SOURCE: National Science Foundation, Division of Science Resources Studies, Science and Engineering Doctorate Awards: 1997, NSF 99-323 (Arlington, VA: 1999),

and previous editions.



Appendix table 7. Full-time S&E graduate students, by source and mechanism of primary support: 1980-95

Page 1 of 3
Year All mechanisms Fellowships Traineeships Research Teaching Other Self-support
assistantships | assistantships
Total number of students
1980.....cccrrrirriins 238,492 20,532 17,550 51,567 53,890 19,446 75,507
1981 242,118 20,106 16,777 52,722 55,746 20,210 76,557
1982...ceieiins 244,830 20,873 14,640 52,580 58,334 20,455 77,948
1983, 252,092 21,365 13,514 54,904 60,072 20,960 81,277
1984, 253,959 21,638 13,465 57,735 61,257 20,697 79,167
1985.....eeriins 257,351 22,576 13,665 60,995 61,822 20,635 77,658
1986......cccrieines 266,197 22,966 13,526 66,011 62,563 22,246 78,885
1987 s 271,080 21,965 14,096 70,214 62,859 22,166 79,780
1988.....cevriiiinns 275,204 22,361 14,397 74,588 63,071 21,584 79,203
1989.....ccvieieirs 282,741 23,476 14,527 79,059 64,316 21,082 80,281
1990.....cccoiniiines 292,854 25,269 15,212 80,747 64,973 22,265 84,388
1991 307,049 26,697 15,417 85,175 65,229 22,956 91,575
1992, 322,753 28,666 15,376 88,032 65,739 23,565 101,375
1993, 329,876 29,170 15,452 90,158 67,344 21,378 106,374
1994 332,453 28,976 15,716 92,033 66,900 21,672 107,156
1995, 330,235 28,954 16,108 89,983 66,147 22,294 106,749
Number with primary support from Federal sources
1980......cccvriernes 52,969 4,635 13,306 29,316 662 5,050
1981 50,903 4,093 12,176 29,147 619 4,868
1982.....cviiiieins 47411 4,097 10,077 28,313 428 4,496
1983, 47,764 4,118 9,114 29,152 498 4,882
1984.....ciiiins 47,793 4,125 8,970 29,463 400 4,835
1985....cieiens 49,058 4,423 8,954 30,433 549 4,699
1986......coeeriirnns 51,365 4,600 8,688 32,739 495 4,843
1987 53,542 4,449 8,922 34,996 444 4,731
1988.....coveireiens 55,492 4,569 8,664 36,752 504 5,003
1989, 57,444 5177 8,682 38,555 490 4,540
1990.....ccreerrirns 59,274 6,316 9,242 38,504 609 4,603
1991, 63,017 7,447 9,630 40,790 476 4,674
1992, 65,634 7,761 10,055 42,588 643 4,587
1993, 67,697 7,515 10,188 44,504 846 4,644
1994, 68,583 6,945 10,418 45,633 780 4,807
1995, 67,469 6,904 10,314 44,503 732 5,016
Number with primary support from non-federal sources

1980.....ccceerrrirns 110,016 15,897 4,244 22,251 53,228 14,396
1981 114,658 16,013 4,601 23,575 55,127 15,342
1982....ciiiiieins 119,471 16,776 4,563 24,267 57,906 15,959
1983....ciirinen 123,051 17,247 4,400 25,752 59,574 16,078
1984.....coiiis 126,999 17,513 4,495 28,272 60,857 15,862
1985....iiines 130,635 18,153 4,711 30,562 61,273 15,936
1986.....ccverrerrnens 135,947 18,366 4,838 33,272 62,068 17,403
1987 137,758 17,516 5174 35,218 62,415 17,435
1988..........c........ 140,509 17,792 5,733 37,836 62,567 16,581

See explanatory information and SOURCE at end of table.
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Appendix table 7. Full-time S&E graduate students, by source and mechanism of primary support: 1980-95 (Continued)

Page 2 of 3
Year All mechanisms Fellowships Traineeships Research T_eaching Other Self-support
assistantships | assistantships
Number with primary support from non-federal sources
1989....ciriinne 145,016 18,299 5,845 40,504 63,826 16,542
1990......omirieenn. 149,192 18,953 5970 42,243 64,364 17,662
1991, 152,457 19,250 5,787 44,385 64,753 18,282
1992....ciiieenn. 155,744 20,905 5321 45,444 65,096 18,978
1993 155,805 21,655 5,264 45,654 66,498 16,734
1994, 156,714 22,031 5,298 46,400 66,120 16,865
1995, 156,017 22,050 5,794 45,480 65,415 17,278
Percentage of students
1980.....covvrrienn. 100.0 8.6 74 21.6 22.6 8.2 317
1981, 100.0 8.3 6.9 21.8 23.0 8.3 31.6
1982, 100.0 8.5 6.0 215 23.8 8.4 31.8
1983, 100.0 85 5.4 218 23.8 8.3 32.2
1984......oviriinn. 100.0 8.5 5.3 22.7 24.1 8.1 31.2
1985.....cirienne 100.0 8.8 5.3 237 24.0 8.0 30.2
1986.......cverrrrnenne 100.0 8.6 5.1 24.8 23.5 8.4 29.6
1987, 100.0 8.1 5.2 25.9 23.2 8.2 29.4
1988.....covvrriienn. 100.0 8.1 5.2 27.1 22.9 7.8 28.8
1989....civirienne 100.0 8.3 5.1 28.0 22.7 75 28.4
1990 100.0 8.6 5.2 27.6 22.2 7.6 28.8
1991, 100.0 8.7 5.0 21.7 21.2 75 29.8
1992, 100.0 8.9 4.8 27.3 20.4 7.3 314
1993, 100.0 8.8 4.7 27.3 20.4 6.5 32.2
1994, 100.0 8.7 4.7 21.7 20.1 6.5 32.2
1995, 100.0 8.8 4.9 27.2 20.0 6.8 32.3
Percentage with primary support from Federal sources

1980 100.0 8.8 25.1 55.3 12 9.5
1981, 100.0 8.0 23.9 57.3 1.2 9.6
1982 100.0 8.6 21.3 59.7 0.9 9.5
1983, 100.0 8.6 19.1 61.0 1.0 10.2
1984.....coovviiins 100.0 8.6 18.8 61.6 0.8 10.1
1985....ciriinne 100.0 9.0 18.3 62.0 11 9.6
1986.......cvrrrienne 100.0 9.0 16.9 63.7 1.0 9.4
1987, 100.0 8.3 16.7 65.4 0.8 8.8
1988.....ccviins 100.0 8.2 15.6 66.2 0.9 9.0
1989....ccviriiinne 100.0 9.0 15.1 67.1 0.9 79
1990.....comvrrrrennne 100.0 10.7 15.6 65.0 1.0 7.8
1991, 100.0 11.8 153 64.7 0.8 74
1992, 100.0 11.8 15.3 64.9 1.0 7.0
1993, 100.0 111 15.0 65.7 1.2 6.9
1994, 100.0 10.1 15.2 66.5 11 7.0
1995. ... 100.0 10.2 15.3 66.0 1.1 7.4

See explanatory information and SOURCE at end of table.
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Appendix table 7. Full-time S&E graduate students, by source and mechanism of primary support: 1980-95 (Continued)

Page 3 of 3
Year All mechanisms Fellowships Traineeships Research Teaching Other Self-support
assistantships | assistantships
Percentage with primary support from non-federal sources

100.0 14.4 39 20.2 48.4 13.1 -
100.0 14.0 4.0 20.6 48.1 13.4 -
100.0 14.0 3.8 20.3 48.5 13.4 -
100.0 14.0 3.6 20.9 48.4 13.1 -
100.0 13.8 35 223 47.9 12,5 -
100.0 13.9 3.6 23.4 46.9 12.2 -
100.0 13.5 3.6 245 45.7 12.8 -
100.0 12.7 38 25.6 45.3 12.7 -
100.0 12.7 4.1 26.9 445 11.8 -
100.0 12.6 4.0 27.9 44.0 11.4 -
100.0 12.7 4.0 28.3 43.1 11.8 -
100.0 12.6 3.8 290.1 42.5 12.0 -
100.0 13.4 34 29.2 41.8 12.2 -
100.0 13.9 34 29.3 42.7 10.7 -
100.0 14.1 34 29.6 42.2 10.8 -
100.0 14.1 3.7 29.2 41.9 11.1 -

KEY: () = not applicable

NOTE:  Science and engineering includes the health fields (medical sciences and other life sciences).
SOURCE: National Science Board, Science & Engineering Indicators--1998, NSB 98-1 (Arlington, VA: National Science Foundation), appendix table 5-34.
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Appendix table 8. Full-time S&E graduate students, by field and mechanism of primary support: 1995

Page 1 of 2
Field Al . Research Fellowships | Traineeships Teachmg Other Self-support
mechanisms |assistantships assistantships
Total number of students
Total SEE......cvvirienerereeiessseseieiens 330,235 89,983 28,954 16,108 66,147 22,294 106,749
Total SCIENCES. ... 262,373 62,958 22,921 15,099 55,931 17,289 88,175
Physical SCIENCES........couervereirireriiins 28,892 11,808 2,354 688 11,710 730 1,602
PN (0]110]1 1|V 871 439 148 28 225 5 26
ChemiStIY....cvveiersrersriseieie s 16,750 6,466 1,270 445 7,386 372 811
PRYSICS.....coiieireriinirininineeeieenen) 11,054 4,842 929 215 4,073 349 646
Other ..o 217 61 7 0 26 4 119
Mathematical SCIENCES.........c.ceeeveerenee. 13,422 1,451 1,274 222 7,316 675 2,484
Computer SCIENCES........covvvrerrererieernne 16,564 3,921 924 216 3,364 1,551 6,588
Environmental sciences... 11,290 4,661 891 136 2,507 730 2,365
AtmMOSpPheriC SCIENCES.........cuevverevreencns 959 619 67 8 107 69 89
Earth SCIENCES......cvvveeeerereieieiciine 5,810 2,151 512 59 1,855 334 899
0ceanography......c.oeeveeesnereninenes 2,228 1,257 195 24 215 166 371
Other ..o 2,293 634 117 45 330 161 1,006
Life SCIBNCES....vrvreereeereirerneereeeeneeees 100,132 29,158 8,104 10,942 13,089 6,587 32,252
Agricultural SCIENCES.......covvverrirrrrines 9,630 5,401 454 146 941 477 2,211
Biological sciences. 48,283 19,182 5,395 5,308 9,293 2,143 6,962
Medical SCIENCES.........cvrerrerrereereererrnens 13,863 2,928 1,272 1,661 1,246 1,292 5,464
(] 1Y T 28,356 1,647 983 3,827 1,609 2,675 17,615
PSYCNOIOGY......cvuevrerrrierieiieeeiene 35,762 4,626 1,824 1,115 6,152 3,094 18,951
Social sciences.... 56,311 7,333 7,550 1,780 11,793 3,922 23,933
ANhropology........ccevereeeenerneeneereennennees 5,792 452 1,168 132 1,278 344 2,418
ECONOMICS....cvvvrvrrirerrririrerisneseseeennens 11,746 2,094 1,546 271 3,028 809 3,998
History of SCIENCE.......cccvrvirreiiiriinnnd 340 17 127 10 99 18 69
LINQUISHICS....vveveeriececeneeeeeieeeeseeens 2,486 177 369 50 701 282 907
Political SCIENCE. .......overeereeereirrereieeens 17,660 1,624 2,468 777 2,666 1,136 8,989
SOCI0I0QY...cvivvererirereiee e 7,353 1,131 915 241 2,145 431 2,490
Other ..o 10,934 1,838 957 299 1,876 902 5,062
Total engineering.........covverereenreereennnns 67,862 27,025 6,033 1,009 10,216 5,005 18,574
Aeronautical/astronautical engineering..) 2,693 1,175 262 31 315 377 533
Chemical engineering 5,962 3,100 791 105 907 218 841
Civil engiNEering..........coevevvererreerereneenees 12,248 4,225 924 196 1,850 816 4,237
Electrical engineering..........cccocveeveeencs] 18,303 6,684 1,455 156 3,137 1,439 5,432
Industrial engineering.........coocvvevvereerennnd 5,328 1,339 300 37 824 504 2,324
Mechanical engineering.............ccoeevve. 11,119 4,419 942 187 1,950 777 2,844
Materials engineering..........ccoeevevevrnnne) 3,880 2,535 371 48 352 123 451
Other engiNEering..........coevvvvvevevvrerennnns 8,329 3,548 988 249 881 751 1,912

See SOURCE at end of table.

319



Appendix table 9. Federal Government as primary source of support, by selected mechanisms and field: 1995

Field Research assistantships Fellowships Traineeships

Percentage with primary Federal support
TOtal SEE ... 49.5 23.8 64.0
50.6 22.6 65.4
75.0 33.8 58.0
76.3 50.0 28.6
73.0 314 56.0
71.7 34.7 66.0
52.5 0.0 NA
Mathematical SCIENCES...........ccveverrrreenn. 45.4 23.2 324
COmpUtEr SCIENCES......c.ceererrerreerereireenes 61.9 25.6 24.1
Environmental SCIENCES..........covvvreurieenne 63.0 33.3 49.3
AtMOSPhEriC SCIENCES........vveererrerreirien) 81.9 62.7 12.5
Earth SCIENCES.......cvveveririercririeines 62.3 29.5 475
0CeaNOgraphy......ccoveeeereenireereererrereaeen) 67.5 29.2 58.3
Other. ... 38.0 40.2 53.3
Life SCIENCES.......ovvereeriircirriinireines 48.1 27.0 77.8
Agricultural SCIENCES.........cvveeierierercanes 345 15.6 10.3
Biological SCIENCES........ccccvvrvverirrerrinnnina 54.8 29.0 72.6
Medical SCIENCES.........cvverieriererrereinnen) 39.8 23.6 78.9
Other ... 30.1 25.6 87.1
PSychology.......ccceveerreenieniencinicnciniened 32.0 17.2 36.6
Social SCIENCES........c.vvvvrerenrrniineieninens 20.1 13.9 20.6
ANthropology.......cocvererenreresieerenenns 22.6 18.1 16.7
ECONOMICS.......covivieireieieirieeseees 255 13.3 9.2
History of SCience........ccooevvereeineinirnenns 5.9 16.5 40.0
LINQUISHICS. ....ceuvvreerernceeerieiseiseeeeniene 328 20.6 34.0
Political SCIENCE.........cvevvvrrrririirriieinas 7.1 10.9 12.5
21.0 11.6 515
234 17.2 25.8
Total engineering.........ccocveeeereerrerreennenns 46.8 28.6 43.2
Aeronautical/astronautical engineering... 56.9 56.1 58.1
Chemical engineering...........ccveereerereenes 45.2 26.3 63.8
Civil engiNEEring........c.covvereerrrerreereenrnenns 37.4 23.3 16.3
Electrical engineering 49.6 27.8 27.6
Industrial engineering 30.5 20.3 48.6
Mechanical engineering..........cccoovvevennee. 49.8 33.7 39.6
Materials engineering..........cocevveereeneened 54.2 334 50.0
Other engineering 47.5 25.0 64.3

KEY: NA = not available
SOURCE: National Science Foundation, Division of Science Resources Studies, Survey of Graduate Students and Postdoctorates in Science and
Engineering unpublished tabulations.
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Appendix table 10. Number of employed scientists and engineers by sector of employment,

broad occupation and highest degree: 1995

Field of Employment Total Compyter qnd .| Life scientists Physpal Spqal Engineers
mathematics scientists scientists scientists
Total
All SECLOIS......ocvcvieeicreierceivereis 3,185,600 949,500 305,300 274,300 317,500 1,339,000
4-year universities and colleges.... 291,100 41,000 84,300 51,100 71,900 42,800
Other educational institutions........ 275,200 83,000 64,700 28,500 67,600 31,400
Business/industry for profit............ 1,970,300 683,200 75,600 138,600 57,600 1,015,300
Self-emploved..........cccoevvevverrienne, 113,800 23,600 7,400 6,500 42,600 33,800
NON-PIOfit.....cveveiviverciereieieveieinn 91,000 27,600 11,000 5,600 33,700 13,200
Federal government..................... 252,400 53,300 37,700 27,600 17,100 116,600
State/local government 191,700 37,900 24,600 16,400 27,000 85,900
Bachelor's
All SECHOIS......ocvcverieicisrieicieris 1,844,000 625,000 121,500 128,100 60,600 908,800
4-year universities and colleges.... 63,400 10,500 20,500 11,800 10,800 9,800
Other educational institutions........ 85,900 34,700 20,000 8,700 8,400 14,200
Business/industry for profit............ 1,324,800 482,800 39,200 78,800 16,100 708,000
Self-emploved........cccocoevvervenirennens 48,800 16,000 3,600 3,100 2,800 23,400
NON-PIOfit.....cvevveiieeicceiereieieinn 41,100 19,500 4,300 2,200 8,700 6,300
Federal government..........cccoevve. 150,400 35,100 17,100 12,400 5,700 80,100
State/local government.................. 129,500 26,400 16,800 11,200 8,100 66,900
Master's
All SECLOIS......ocveeviiercieiereeiseiernias 892,700 268,000 64,000 67,200 135,800 357,900
4-year universities and colleges.... 45,800 10,000 6,700 7,000 11,400 10,800
Other educational institutions........ 128,800, 39,900 19,900 12,800 42,000 14,200
Business/industry for profit.. 524,300 179,400 16,700 32,600 26,100 269,600
Self-emploved..........cccocveveereinnnee. 39,500 6,200 2,100 2,100 21,000 8,100
NON-PIOfit.....coeveirivereciiereieieereieian 31,700 6,500 2,200 1,000 16,900 5,200
Federal government.............c........ 70,800 15,400 10,600 7,400 5,600 31,800
State/local government.................. 51,800 10,600 5,900 4,400 12,800 18,200
Doctorate
All SECLOIS......ocvcveriercieie e 418,300 53,800 102,400 78,900 113,300 69,900
4-year universities and colleges.... 181,300 20,400 56,800 32,400 49,700 22,100
Other educational institutions........ 45,400 8,300 12,900 7,100 14,100 3,000
Businessfindustry for profit............ 114,600 18,700 17,800 27,200 14,900 36,000
Self-employed.........ccccoevververnirenne, 23,100 1,500 1,300 1,300 16,900 2,100
NON-PIOfit.....cveveciiverceeieeieieian 16,300 1,600 3,900 2,500 6,700 1,700
Federal government...................... 28,400 2,500 8,300 7,700 5,600 4,300
State/local government. ... 9.300 900 1.600 700 5.400 700
Professional
All SECIOTS....ocvvcvrierceiereeesiae 30,600 2,700 17,400 200 7,900 2,500
4-year universities and colleges.... 600 - 400 - - 100
Other educational institutions........ 15,100 100 11,900 - 3,100 -
Business/industry for profit............ 6,600 2,200 2,000 100 600 1,600
Self-employed........c..ccoevveveerninnnee. 2,300 - 300 - 1,900 100
NON-PrOfit....c.cuceiveieririciicesieians 2,000 700 - 1,300 -
Federal government.............c..c..... 2,800 300 1,700 100 300 400
State/local government.................. 1.200 300 - 800 100

KEY: (-) = not applicable

SOURCE: National Science Foundation, Division of Science Resources Studies, Scientists and Engineers Data System (SESTAT) 1995.
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