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INTERNATIONAL RESEARCH COLLABORATION, RESEARCH TEAM PERFORMANCE, AND 1
SCIENTIFIC & TECHNOLOGICAL CAPABILITIESIN COLOMBIA --A BOTTOM-UP PERSPECTIVE

Gonzalo Ordéfiez-Matamoros

A. Introduction

International research collaboration is a growirarial phenomenon (Wagner and
Leydesdorff 2006; NSF-NSB 2008). It results in past a strategy to deal with increasingly
complex problems and raising costs of research kkanen, Persson; et al. 1992; Gibbons,
Limoges et al. 1994; Adams, Black et al. 2005al4b responds to government policies oriented
to favor such behavior (Georghiou 1998; WagnerhBrakulam et al. 2001), and to the increased
mobility of scientists across borders.

For long time, research collaboration is seen agngortant source of creativitfFarrell

2001; Burt 2004; Levine and Moreland 2004; Uzzi &piro 2005), which coupled with the right
set of conditions, may increase scientific prodiitsti(Beaver and Rosen 1979; Landry, Traore et
al. 1996; Adams, Black et al. 2005; Lee and Boze&@05; Turner and Mairesse 2005), research
quality (Diamond 1985; Katz and Hicks 1997; Basu and Aggar2001; Frenken, Holzl et al.
2005; Rigby and Edler 2005), and innovative capa@ilen 1977; Georghiou 1998; Le Bas,
Picard et al. 1998; Tsai and Ghoshal 1998; Geaagkra et al. 2002; Landry, Amara et al. 2002;
Belderbos, Carree et al. 2004; Granovetter 2005).

Research collaboration is also said to have gretngial for the creation of science and
technology human capitgdlColeman 1988; Rogers 2001; Rogers and Bozematf; 2ZB€ibert,
Kraimer et al. 2001; Bozeman and Rogers 2002; Bapeamd Corley 2004), the consolidation of
research agendaand the expansion of research areas.

There is, however, extant literature warning abthé negative impactef research
collaboration on almost the same aspects, thatniggroductivity (Fox and Faver 1984; Landry
and Amara 1998; Carayol and Matt 2004b; Cummingkkdasler 2005); output quality (Herbertz
1995; Kleinman 1998); innovative capacity (Geligred Thier 2002); human capital (Behrens and
Gray 2001; Stephan 2001; Slaughter, Campbell eR@02); and relevance of the research
(Kleinman 1998; Florida 1999; Sagasti 2004; Shrd®3). Risks and costs identified include the
privatization and capture of traditional ‘publichéwledge, the ‘mercantilization’ of knowledge
and human capital as resulting from public-privaésearch partnerships, and crowding out
effects.
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Besides the effects regarding research collabaratiternational research collaboration
can give developing countries access to new knayelexhd research resources they would not
have otherwise (Wagner, Brahmakulam et al. 20Q1jndy raise the quality of the research
performed in those countries, increasing the pdagifor local scientists and engineers to benefit
from the expertise brought about by internatiorsatmers.

However, international research collaboration dap acrease their loss of autonomy or
freedom (Cozzens, Gatchair et al. 2008) and ‘disttacal capabilities and critical mass needed
to face local concerns forcing them to addresslérrant’ issues (Sagasti 2004).

On the other hand, the social organization of disEninto teams is today an incontestable
characteristic of most national science and tedyybkystems (Gibbons, Limoges et al. 1994;
Etzkowitz and Kemelgor 1998; Laredo 2003). Bothaleped and developing ones. One key
assumption of this work is that research teamsbatk indicators and multipliers of local S&T
capacities, and in so being, they are vehicles &I rogress. Although rarely explicitly
acknowledged in the public policy literature, tlisvhat makes research teams an appropriate unit
of analysis and focus of research and innovatiolicypdlLaredo and Mustar 2001). In fact,
whereas the process of institutionalization of S&F an indicator of local capacity has been
implicitly recognized (Beaver and Rosen 1979; Giiyd.imoges et al. 1994; Crow and Bozeman
1998; Etzkowitz and Kemelgor 1998; Etzkowitz angdesdorff 2000), their regard as ‘multiplier
devices’ or vehicles through which S&T capacities ereated is still underdeveloped (Andrews
1979; Beaver and Rosen 1979).

This dissertation attempts to contribute to curdemwledge and understanding of the
extent, characteristics, and potential ways intigsnal research collaboration, a rather unexplored
phenomenon, affects S&T capabilities in the contéx developing country. More precisely, the
purpose of this research is to explore the waysiational research collaboration can affect local
scientific and technological capabilities as refecby the performance of research teams in
Colombia.

In this framework, a research team is defined asdwmore individuals who claim they
work together on common research problems or istera@re recognized by their institution of
affiliation and by the Colombian Institute for thHevelopment of Science and Technology
(Colciencias) as such; and produce research outpotly or independently.

S&T capabilities are measured by the productivifytiee teams in terms of their
bibliographic production and their revealed caphib contribute to local knowledge.

Mediating factors such as team characteristicsnpacharacteristics, scientific discipline,
sector, location, and characteristics of the teahwme institution are analyzed to better
understand the ways international research coltainor affects research team productivity and
their contribution to local knowledge in Colombia.

International research collaboration is measurdtinee ways: co-authorship, researchers
working at local research teams, and foreign fupdiWhile team productivity is measured by
their bibliographic production, that is, their vimg of journal articles, books, book chapters,
working papers, etc. (19 types of scientific pradycteam contribution to local knowledge is
measured by the extent to which the team worksssnes involving ‘Colombia’, which is
observed in the titles of their R&D projects orith@roducts or in the corresponding abstracts.

To account for the effects of international reskaoollaboration on research team
productive capacity, several research hypotheseseated using zero-inflated negative binomial
regression models to predict counts of a highlyadedistribution. To account for the effects of
international research collaboration on researamtability to contribute to local knowledge,
research hypotheses are tested using logisticssigres.
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Both the impact of different types of collaboratiand different types of partners (North
and South) are investigated. The propensity scatehing approach is used to assess the impact
of international research collaboration on teamfgerance using control groups while
controlling for selection bias.

The analyses are done on cross sectional data8¥ C8lombian research teams active
between 2003 and 2005 working in all scientifiéde and on a sample of 672 teams. In addition,
20 interviews done to team members provide quaigainformation needed to interpret the
findings and its implications.

B. Methodology

The analysis of the effects of international resleagollaboration on team productive
capacity is based on the testing of the followiegearch hypotheses:

H1. International research collaboration (IRC) ptgely affects team productivity in
Colombia. This hypothesis is grounded on the literature thaims that research collaboration
facilitates access to materials, financial resairoew knowledge, and relevant information, and
that by so doing it increases creativity and praiditg. This is the “more-is-better argument.”

H2 and H3. Receiving foreign funds to support R&&iindties or co-authoring with
foreign partners located overseas increase ovetahm productive capacityThe reason
supporting this hypothesis is apparent as co-asttifprand foreign funding usually imply the
elaboration of research products. For our purptigsss the “linear-model argument.”

H4. Hosting foreign researchers reduces team prtideccapacity.This hypothesis is
based on the “transaction costs argument.”

H5. Teams that collaborate with partners from thertN have more bibliographic
products.This hypothesis is based on the “diversity argutfien

H6. Working with projects funded by foreign ingdtitns increases team productive
capacity more for teams that collaborate with nerth countries than for those that collaborate
with partners from the soutfThis implies the combination of two positive effecthe effects
derived from working in projects with foreign fumdj (the linear model argument) and the effects
derived from the “diversity argument.”

The analysis of the effects of international reskacollaboration on team ability to
contribute to local knowledge is based on thengsiif the following research hypotheses:

H7. Teams that collaborate internationally are lddgely to use ‘Colombia’ in their
research activitiesThis hypothesis is based on the “dependency arguimen

H8 and H9. Co-authoring with foreign partners loedtoverseas or receiving foreign
funding reduce the probability of teams to workresearch activities involving ‘ColombiaT.his
hypothesis is based on the “outsourcing-or-oppdstargument.”

H10. Hosting foreign researchers increase the plolits of teams to involve ‘Colombia’
in their researchThis is based on the “commitment argument.”

H11. Teams that collaborate with partners from tBeuth are more likely to use
‘Colombia’ in their research projects and producthis hypothesis is based on the “similarity
argument.”

H12. Working in projects funded by foreign indtiins decreases the probability of using
Colombia in their research more for teams thataotirate with northern countries than for those
that collaborate with partners from the souffhis implies the combination of the two effects
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discussed earlier: the negative effects derivehfnmrking on projects with foreign funding, and
the negative effects derived from the “outsour@ngument.”

The hypotheses stated are tested using the follpmiodels:

Zinb totbibprod05 = a + BlIRCO5 + p2Core03 + f3age03 + p4atotphds03 +
[S5totprojects03 +p6agroscs +p7medscs +58social + f9human +p10engi + fllothscs +
pl2bussector +513govsector +514othsector +15medinst +16smallinst +417smallcity +
S18medcity

where team productive capacity is measured bydta number of bibliographic products
done between 2003 and 2005, “tothibprod05,” andrtiependent variable, international research
collaboration, is represented by a dummy variatiRC05,” coded 1 if the team had foreign
researchers and/or foreign funding between 20032808, zero otherwise. Team size, “Core03,”
is an interval-level variable for the number ofe@xhers and technicians the team had in 2003.
Team age, “age03,” is an interval-level variable How long the team had been in existence in
2003. The total number of PhDs, “totphds03,” isrespnted by an interval-level variable for the
number of members with PhD degree the team ha®®3.ZTeam dynamism is measured by an
interval-level variable, “totprojects03,” for theumber of R&D projects the team had active in
2003. Scientific field is represented by six dumwayiables, with teams working in the natural
sciences as the reference group. Sector is repeeséy three dummy variables, with teams
working in the academic sector as the referencepmr8ize of the home institution is represented
by two dummy variables, with teams affiliated wiily institutions as the reference group. City-
size is represented by two dummy variables, widmt located in big cities as the reference

group.
And:

Logit ppkeycol05= a +p1lIRC05 + pg2togs5team characteristics03 486tg89Field +
S10tgg12Sector +513angbl4institusizer pl4angil5location

where team ability to contribute to local knowledgemeasured as a dummy variable,
“ppkeycol05” coded 1 if the team used ‘Colombiathie title of an R&D project or product or in
the corresponding abstract, 0 otherwise. The imu#gr& and control variables are measured the
same way as in the previous model.

The zero-inflated negative binomial model (ZINBYahe logistic model (Logit) are used
given the characteristics of the dependent varahbled their distribution. These models were
implemented following Long and Freese 2001 and ke03, respectively (Long and Freese
2001; Lewis 2003)

The Propensity Score Matching approach was useddess the impact of international
research collaboration on team performance by usiognterfactuals. This approach was
implemented following Caliendo and Kopeining 20@&lendo and Kopeining 2008).

The analyses are based on two databases builttin@a data sources. The first database
contains information on teams’ characteristics antivities for 1889 teams of more than two
members and at least one R&D project active betvz¥I8 and 2005. This database supports
most of the analysis done to explain the effectbasfting foreign funding and of working with
foreign funding on team performance. The secondldete is a random sample of 672 teams
extracted from the former database, which exclueass working in the social sciences and the
humanities. This database supports the analysis tibexplain the effects of co-authoring with
partners located overseas on the performance oh@idn research teams. The data sources used
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to build these datasets are CvLAC, GrupEpand a query to the Web of Science retrieving the
references of 5491 journal articles published betw#998 and 2005 in all fields by researchers
located in Colombia. Table 1 shows the characiesisif the variables used and how the three
data sources were used to construct the two dasltizat support the analyses done.

Table 1: Variables and Data Sour ces
Dependent and Independent Variables and Data Sources*

Variable Type of Variable Data Source
Count Interval Dummy GrupLAC CVLAc WOS
{ Bibliographic Products X X
Keyword Colombia X X X
Team Size X X
Team Age X X
Research Team Researchers with PhD X X
Characteristics. Leader Studied Overseas** X X
Leader Speaks Other Language ** X X
R&D Projects active X X
Team 1st. Scientific Field 6X X
Sector .Of Operatlion' o 4x X
R&D Size of Institution of Affiliation 3x X
CitySize of T.earr? 3x X
Co-Authorship with Internat Partner *** X X
IRC Foreigners in Teams X X
International Funding X X
Location of Partner*** 2x X

* Cross Sectional Data observed for the period 22035

** Used for predicting International Research Cbéeation only
** Observed for 1998-2005 and for 2001 and 2008/0on

*+x Used for those who collaborated internationatinly

C. Findings

1. International Research Collaboration and Team Productive Capacity

The following are the results obtained so far rdijay the determinants of research team
productive capacity and the effects of internatisasearch collaboration on such capacity:

Teams that collaborate internationally, that aregdain size, with many years of
experience, that have many PhDs, and that repaty majects active, tend to be more productive
than comparable teams that do not collaboratenatiemally, that are of a small size, that were
created recently, that have few or no PhD membeusthat report few projects active.

Teams working in the humanities are less produdtia®m comparable teams working in
the natural sciences. Teams affiliated with snmradtifutions are less productive than comparable
teams affiliated with big institutions.

Regarding the probability of being in the unprodwetgroup of teams (called the
“always-0 group”), collaborating internationally baving many research projects active reduce
the odds of reporting no bibliographic productscémtrast, large teams, old teams, teams working
in the medical sciences, and teams affiliated Withbusiness or the government sector, are more
likely than comparable teams of smaller size, yaungams, teams working in the natural
sciences, and teams affiliated with the academitosdo be in the always-O group of non-
productive teams.

® These data sources are administered by Colciencias, the Colombian science and technology funding
organization. See www.colciencias.gov.co Look for the ‘Scienti Platform’ link in the institution’s main
webpage to access the information.
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As shown in Table 2, and looking at the variabléth wtatistically significant effects on
team productivity, one finds that the expected wHtdvibliographic products for collaborating
teams are 36% as high as that of non-collaboragams, and that collaborating teams are 56%
less likely of being in the always zero group oproductive teams than comparable teams that do
not collaborate internationally.

International research collaboration is the exgdlaryavariable with the greatest impact on
team productivity right after the number of R&D jarcis active and the number of PhDs a team
has. In fact, a one standard deviation increasmtarnational collaboration increases team’s
expected productivity count by 16%, holding theeothariables constant (the effects of number of
projects active and of members with PhDs are 34&01&%6 respectively). Measured in terms of
discrete changes (not shown here), and holdingothiér variables constant at their means,
collaborating internationally increases expectestipctivity count by 3.14 bibliographic products.

On the other hand, an additional team member ase® the expected team'’s rate of
bibliographic products by 2.5%, but an additiorem member increases team’s odds of being in
the always zero group by 5%, holding all other afalés constant.

Table 2: Team Productive Capacity: Percentage Changein Expected Count

Tot. Bib. Prods. 2003-5* Always0**

% %StdX % %StdX
Internat. Res. Coll. 35.6 16 -56.1 -33.1
Team size in 2003 25 14.9 5.3 34.6
Team Age in 2003 1.1 6.6 4.1 26.7
Total PhDs in 2003 7.8 18 -7.2 -15.3
Tot. Proj. in 2003 4.5 33.7 -6.2 -34.6
Agrosciences -9.3 -2.3 119.4 20.7
Medical Sciences 2.8 0.9 127.5 314
Social Sciences 0.3 0.1 74.9 229
Humanities -16.6 -7.5 334 131
Engineering 17 0.6 241 7.6
Other Sciences -15.5 -3.3 19.5 3.7
Business Sector -31.8 -6.7 231.2 24.2
Government 22.8 4 251.1 274
Other Sector 35 4.4 78.4 8.6
Mid. Home Inst. 3.7 18 -31.2 -16.6
Small Home Inst. -23.5 -9.5 -28 -11.5
Small City 14 1.7 68.3 7.1
Midsize City -13 -5.6 -30.4 -13.9

In alpha -0.02030
alpha 0.97990 SE(alpha) = 0.06100
% = percent change in expected count for unit emean X

%StdX = percent change in expected count for Sbease in X
* Count Equation: Percentage Change in ExpectedtCfon Those Not Always 0
** Binary Equation: Factor Change in Odds of Alwdys
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An additional year of team age increases team ity by 1.1%, and its odds of being
in the non-productive teams by 4%, holding the otagiables constant.

An additional PhD member increases team’s expegiiglibgraphic production by 8%,
holding all other factors constant.

Each additional R&D project active increases teamxpected rate of bibliographic
products by 4.5% and decreases its odds of beittgeimalways-0 group by 6%, holding the other
factors constant.

Teams working in medical sciences have similar etquk rate of production of
comparable teams working in the natural sciencesveer, the former type of teams is 2.28
times more likely of being in the unproductive gooaf teams than those working in the natural
sciences, holding the other factors constant.

The expected rate of production of teams workingtia humanities is 17% lower
compared to similar teams working in the natur@rses.

As one would expect, teams affiliated with the hass sector as compared to teams
affiliated with the academic sector are less prtdecand more likely of not having the
opportunity to report bibliographic products byaatbr of 3.31, holding all other factors constant.

Teams affiliated with the government sector as ameg to teams affiliated with
institutions working in the academic sector do have different expected rate of production,
holding the other variables constant. However, ®wmrking at government institutions are 3.51
times more likely than comparable teams affiliatdgth the education sector of not having the
opportunity to report bibliographic products.

Teams affiliated with small institutions are 23.368s productive than teams affiliated
with big institutions, holding all other variablesnstant.

Finally, based on the model analyzed, the sizé®ltrban agglomerate where the team is
located seems to weakly affect its productive ciypance we hold the other variables constant.
Teams located in mid-size cities are less prodedtian comparable teams located in large cities.
This finding is statistically significant at thesdevel, however.

Wald Tests (not shown here) performed on the iifeicts of the discipline variables, the
variables related to the characteristics of th&tut®n of affiliation, and the sector variabldsosv
evidence that, at conventional statistical levedl9.4, 0.05, and 0.01, all these factors help to
explain team bibliographic production, holding titber variables constant. Based on these tests,
there is a 10%, 1% and 0.1% probability that tHeot$ observed of scientific discipline, size of
institution and sector on team productivity coulesspectively have occurred by chance. In
addition, this is consistent with the literatureiesved; therefore we can confidently keep these
variables in the model for further analyses.

A different conclusion is drawn regarding the jogffects of team location on team
productivity. Based on the Wald Test on these te® and holding all other variables constant,
there is a 20% probability that the observed restduld have occurred by chance (Prob > chi2 =
0.1972).

We are interested not only in understanding theeceffof international research
collaboration on team performance but also on tag @ther factors also explain team productive
capacity depending on their collaboration statusafs 2002). For example, it is possible that the
effect of team size or of number of PhD holderdemm productivity vary by collaboration status.
To allow this possibility, interaction terms wermdad to the model without the location variables.
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Thus, according to the results not shown hereabohating teams with their most basic
characteristics, that is, with two members, lesnth year old, with no PhD holders, and one
project active are more productive than non-collating teams of comparable characteristics.

Holding all other variables constant, as team simgeases by one, team scientific
productivity increases by 4.5% among non-collabogateams, and, interestingly, it increases
team productive capacity more among the non-colltbg teams than among collaborating
teams of comparable characteristics. This findiggests that there might be substitution effects
between team size and international research coliébn in place. That is, the effects of having a
small team can be compensated by the effects &bwohting internationally, and inversely, the
effects of no collaborating internationally candmenpensated by raising the size of teams.

Significant interacting effects were found betweépternational research collaboration
and size of home institution in the case of teaiffiiabed with small institutions. In fact,
collaborating teams affiliated with small institutis are more productive than comparable non-
collaborating teams affiliated with small institutis.

Similarly, interacting effects were found to betistically significant regarding scientific
discipline in the case of teams working in the idigtiplinary sciences. In fact, collaborating
teams working in the multidisciplinary sciences a@re productive than non-collaborating teams
working in the same science and with similar chieréstics. Moreover, the effects or
collaborating internationally are greater amongmn®avorking in the multidisciplinary sciences
than among teams working in the natural sciences.

The results show that there are no significantraatiing effects between international
research collaboration and sector.

The comparison of the models with and without thteraction terms using an LR Chi2
test shows that the improvement obtained by adtliegnteraction terms (33.16) is statistically
significant as it is greater than the critical valof the chi-square distribution for 12 degrees of
freedom at the 0.01 level (26.22).

But an even better method for assessing the ingfdnternational research collaboration
on research team performance is by comparing tednssmilar characteristics in all relevant
aspects and, in particular, on the probability @faborating internationally. In fact, collaboraiin
teams may be more productive for the same reasms dollaborate internationally. In other
words, foreign partners may prefer to collaboraith those teams and in those R&D projects that
are expected to generate hew knowledge and oufphits.is technically called ‘endogeneity’ or
reverse causality, and it may result from selecti@as. Hence, to estimate the “real” effect of
international research collaboration, it is necassa address the basic question: How would the
teams collaborating internationally have perfornmedi they not participated in a collaborative
experience with international partners? To the @tghknowledge, no study on the impact of
research collaboration (whether local or internalp has attempted to model this counterfactual
situation.

To solve this endogeneity problem, comparable gsdogth in terms of their internal
characteristics and particularly in their propensio collaborate internationally were used
following the Propensity Score Matching Approach.

Although the set of variables used in the modelyaea clearly satisfy the Conditional
Independence Assumption (CIA) required for the epph to be accurate (Caliendo and
Kopeining 2008) as the set of observable covariatesnot affected by treatment (international
collaboration), and therefore potential outcomes iadependent of treatment assignment, two
new variables are added to better account for thterchinants of international research
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collaboration: a) a dummy variable coded 1 if than leader writes well in a second language, 0
otherwise; and b) a dummy variable coded 1 if @t leader studied overseas, 0 otherwise.

To contrast the productivity of a collaborating reavith productivities of comparison
group teams, the kernel matching algorithm is used.

The STATA module developed by Leuven and Siane@032 is used to estimate the full
model and test the balancing hypothesis using exatite process to ensure that the estimated
model is consistent with this requirement (Leuved &ianesi 2003). Thus, the average treatment
effects on the treated yields a difference of diiographic products in favor of those teams of
similar characteristics and probabilities to cotledie internationally that did collaborated versus
those that did not. A difference of 4.24 is sigrafitly large even in the most conservative
scenario of a bandwidth of 0.01. If we increaselihedwidth to 0.05 and 0.1 (not shown here),
the difference in productivity between collaborgtend non-collaborating reaches 4.47 and 4.86
products respectively, a statistic far from thed78ported by a simple t-test model based on the
unmatched sample, but still an important differénce

To assess the matching quality Table 3 below shtwatwe significantly reduced the
differences between the characteristics on the deaith the matching procedure, turning the
treated and the control groups significantly simit@hich makes them comparable in all relevant
aspects. For example, the difference in the nundfePhD holders between teams that
collaborated versus those that did not falls sulbistéy from 1.55 to 0.05 once we used the
matched teams, reducing the bias 96.7%. A 98.9%ictixh of the bias is achieved by the
matching procedure regarding the difference in tesime between collaborating and non-
collaborating teams: the difference of 2.97 membmtveen unmatched teams falls to 0.03
between matched teams.

* After imposing the common support condition, 19 of the 736 teams that collaborated internationally fell
outside the common support region because their propensity score was higher than the maximum
propensity score of the non-collaborating teams. Hence, these 19 cases were discarded, and the analyses
of the average treatment effect (ATE) and of the average treatment effect of the untreated (ATU) are done
on 1,843 teams out of the 1,889 teams of the sample.
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Table 3: Assessment of the Matching Quality: PSM-Resear ch Team Productive Capacity

Mean %reduct
Variable Sample Treated Control %bias bias
Internat. Res. Coll. Unmatched 1 o .
Matched 1 O .
Team size in 2003 Unmatched 9.072 6.1006 50.7
Matched 8.5007 8.4679 0.6 98.9
Team Age in 2003 Unmatched 8.8478 5.6644 54
Matched 8.5635 8.8296 -4.5 91.6
Total PhDs in 2003 Unmatched 2.4035 0.84996 69.1
Matched 2.1841 2.1333 2.3 96.7
Leader Writes in Other Lang. Unmatched 0.70245 0.4484 53.2
Matched 0.70014 0.714 -2.9 94.5
Leader Studied Overseas Unmatched 0.66712 0.48222 38
Matched 0.66109 0.66497 -0.8 97.9
Tot. Proj. in 2003 Unmatched 8.2215 4.1752 59.6
Matched 7.4435 7.2547 2.8 95.3
Agrosciences Unmatched 0.06386 0.05898 2
Matched 0.06276 0.07111 -3.5 -71
Medical Sciences Unmatched 0.13315 0.12229 3.3
Matched 0.12971 0.11316 5 -52.3
Social Sciences Unmatched 0.11821 0.18907 -19.7
Matched 0.12134 0.11393 2.1 89.5
Humanities Unmatched 0.22283 0.25412 -7.3
Matched 0.22315 0.2115 2.7 62.8
Engineering Unmatched 0.11821 0.14397 -7.6
Matched 0.11994 0.13507 -4.5 41.3
Other Sciences Unmatched 0.04755 0.03903 4.2
Matched 0.04324 0.04067 1.3 70
Business Sector Unmatched 0.0394 0.03036 4.9
Matched 0.03626 0.05325 -9.3 -87.7
Government Unmatched 0.04348 0.03556 4.1
Matched 0.04324 0.0483 -2.6 36.1
Other Sector Unmatched 0.03261 0.01301 13.1
Matched 0.03208 0.02442 5.1 60.9
Mid. Home Inst. Unmatched 0.2894 0.43539 -30.7
Matched 0.29289 0.28148 2.4 92.2
Small Home Inst. Unmatched 0.1413 0.18474 -11.8
Matched 0.13947 0.13483 1.3 89.3
Small City Unmatched 0.00543 0.02515 -16.1
Matched 0.00558 0.00302 2.1 87
Midsize City Unmatched 0.1644 0.25412 -22.2
Matched 0.16318 0.1717 -2.1 90.5

A bootstrapping procedure was used to test thistital significance of treatment effects
and to compute their standard errors in case acalgstimates are biased or unavailable. Each
bootstrap draw consisted in the re-estimation efrésults, including the estimation of propensity
scores, common support, etc. The bootstrapping nepeated 999 times, which led to 999
bootstrap samples and 999 estimated average tneagffects. Based on the bootstrap results
obtained (observed coefficient = 4.24, z = 3.89|zP= 0.000), we confirm our finding and
confidently conclude thainternational research collaboration is a strongcfar affecting
research team productivity in Colombi#his finding supports our first hypothesis baseadtte
“more-is better argument.”

10
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To better understand the effect of internationakaech collaboration, similar analyses
were done regarding the effects of different typesollaboration and different types of partners.
The following are the findings obtained so far:

Type of collaboration affects team productivitydifferent ways, however. As shown in
Table 4, while hosting foreign researchers is matistically associated with team productivity,
leveraging foreign funding or co-authoring with fp@rs located overseas increase team
productivity by nearly 40%, and between 6.5 andbibdiographic products if the teams work in
projects with foreign funding, and by between 4d &.3 bibliographic products if someone from
the team co-authors with a colleague located itremaountry.

The effects of international research collaborationteam productivity also depend on
the type of partner the team collaborates with.sTheams collaborating with partners from the
south are 46% more productive than comparable teemnsollaborating with partners from the

south. In fact, teams collaborating with the soptbduce between 4.9 and 7 bibliographic
products.

The effects of collaborating with partners from therth are smaller. In fact, teams
collaborating with this type of partners are 18%renproductive than teams not collaborating
with partners from the north. They produce betwgéand 4.8 bibliographic products.

More interestingly, as the table shows, differesrhbinations of type of collaboration and
origin also yield different effects on team produetcapacity. Hence, funding form southern
countries appears contributing more on team praodtycthan funding from northern countries
and than hosting foreign researchers from soutbeumtries. Hosting researchers from northern
countries does not seem to be associated with peasiuctive capacity in Colombia.

Table 4: Impacts of Different Type of Collaboration and Partner on Team Productive
Capacity: ZINB and PSM

ZINB PSM
% Count P>|z A T-stat B T-stat C T-sfat
Internat. Res. Coll. 36 3.14 0.0Q0 4.24 5.28 447 695 4.86 6.34

Foreign Researchers 13 0.1 0.069 -0.79 -0.97 -1.130.16 0.85 1.11

Foreign Funding 41 3.93 0.000 6.48 6.31 6.93 6.89 4 7 752
Co-Authorship * 39 291 0.018 4.43 2.37 4.68 264 315 3.07
Int. Res. with North 18 2.13 0.012 4.03 4.28 431 724 4.78 5.41
Int. Res. with South 46 3.48 0.0qo 4.88 4.17 581 .065 7.05 6.20
People from North -7 -0.25 0.415 -1.07 -1.09 -0.28-0.29 0.87 0.96
People from South 31 1.96 0.002 0.82 0.82 2.06 2.1p.81 2.9
Funding from North 28 2.86 0.00p 6.07 5.56 6.28 55.9 6.85 6.62
Funding from South 53 530 0.0q0 10.98 482 1261 .605 14.35 6.40

Observations: 1889

* Analysis done on 672 Teams
A: ATT with bandwidth of 0.01
B: ATT with bandwidth of 0.05
C: ATT with bandwidth of 0.1
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Next section discusses on the effects of internatioesearch collaboration on team
orientation in Colombia.

2. International Resear ch Collaboration and Team Ability to Contributeto L ocal
Knowledge

Collaborating teams were more likely to use ‘Cold@hlin their projects and products
than non-collaborating teams: while 47% of the teaimat collaborated internationally used
Colombia in their projects or bibliographic prodsictonly 29% of the teams that did not
collaborate internationally used the country as thé& of analysis or object of their research
processes. This accounts for a difference of arduftd in the odds of involving ‘Colombia’
between collaborating and non-collaborating tealnistest shows that this finding is significant
at the 0.01 level. But, how much of that effectasised by the collaborative behavior alone? How
do other factors influence team probability of gsftolombia in their research?

To answer these questions, a logit model that tadtesaccount the characteristics of the
outcome variable investigated, the independentalsbes of interest, and the control variables
found in the literature to have a significant effea team performance was used. The overall
impact of international research collaboration @snt’s ability to contribute to local knowledge is
assessed using control groups based on the Prop8nere Matching approach.

The following are the results obtained so far rdijgy the determinants of research team
ability to contribute to local knowledge and théeefs of international research collaboration on
such ability:

Collaborating internationally, having many projeatdive, working in the social sciences,
or working in the NGOs’ sector increase team’s oolidaorking in projects or products that use
Colombia in their research as compared to thosenuifar characteristics that do not collaborate
internationally, have fewer projects active, wankttie natural sciences, or work in the academic
sector.

Teams working in the engineering or in small ingkitns are less likely of working in
projects or products that use ‘Colombia’ than corabke teams working in the natural sciences or
in large institutions.

These finding are statistically significant at centional levels. However, team size, team
age, team education, and team location do not sedmave a significant explanatory power of
team contribution to local knowledge, once we halldother variables constant. In fact, a Wald
Test of the joint effects of team localization ralethat there is a 30% probability that the
observed results could have occurred by chancd (Pahi2 = 0.2957).

Hence, based on the model without the locatioratsées shown in Table 5, and holding
all other variables constant, the odds of a teamkiwg in research involving ‘Colombia’ are 1.56
times larger for collaborating teams than for noflaborating teams. In fact, holding all other
variables constant at their means (not shown heoligborating internationally increases team’s
probability of contributing to local knowledge b.B3%.

For each additional project active, team’s oddscohtributing to local knowledge
increase by 9%, holding the other variables comstdre odds of working in research projects or
producing bibliographic products that use ‘Colomhbi 2.12 times larger among teams working
in the social sciences than among comparable teaigng in the natural sciences. By contrast,
the odds of involving Colombia in the research pescare 50% lower for teams working in the
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engineering areas than for those of comparablecteistics working in the natural sciences. The
odds of working on projects or products involvingl@nbia of a team affiliated with the NGO's
sector are 2.9 times larger compared to thosentifesiteams affiliated with the academic sector.
Finally, the odds of using ‘Colombia’ in the resdaprocess of a team affiliated with a small
institution are 37% lower compared to those of caraple teams affiliated with large institutions.

Table5: Team Contribution to Local Knowledge: Per centage Changein Odds

'‘Colombia’ in Prod or Proj

% %StdX
Internat. Res. Coll. 56.2 24.3
Team size in 2003 0.3 2
Team Age in 2003 -0.5 -2.8
Total PhDs in 2003 11 25
Tot. Proj. in 2003 8.9 75.7
Agrosciences 215 4.8
Medical Sciences 6.4 21
Social Sciences 112.5 32
Humanities 125 5.2
Engineering -49.8 -20.9
Other Sciences 30.3 55
Business Sector 0.7 0.1
Government 70.7 10.9
Other Sector 190.4 16.4
Mid. Home Inst. -10.3 -5.1
Small Home Inst. -36.5 -15.6

b = raw coefficient

z = z-score for test of b=0

P>|z| = p-value for z-test

% = percent change in odds for unit increase in X
%StdX = percent change in odds for SD increase in X
SDofX = standard deviation of X

To better assess the effects of international looti@ion on team’s research orientation,
control groups created using the Propensity Scoaéchng approach are used. The analysis is
done based on the full model including the locatiariables and the characteristics of the team'’s
leader as before.

Using a bandwidth of 0.01, the average treatmdatebn the treated yields a difference
of 9% in the odds of contributing to local knowledm favor of those teams that collaborate
internationally over those that do not. This diffiece in the odds is smaller to the one observed
comparing collaborating and non-collaborating teaisiag an unmatched sample (17.3%), but it
remains significant after the matching algorithmajplied.

A test of the accuracy of the matching procedumwshthe improvement of the model:
the differences in the characteristics becomessilly insignificant in the matched sample (not
shown here). Based on the bootstrapping perforimexigh the re-estimation of the results 999
times to test the statistical significance of thedings, we can confidently conclude that
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international research collaboration positively edfs team contribution to local knowleddéis
finding is significant at the 0.01 level (Observ@defficient = .0900353, z = 2.74, and P>|z| =
0.006). This finding does not support our eighthdthesis based on the “dependency argument.”

Similar analyses were done to observe the effdctifferent types of collaboration and
different types of partners on research team wbtlit contribute to local knowledge. The
following are the findings obtained so far:

Co-authoring with partners located overseas apatke type of collaboration with the
greatest impact on team’s ability to contributddral knowledge. In contrast, and similar to the
factors affecting research team productive capahibgting foreign researchers does not seem to
have a significant effect on team research oriemat

Contrary to the findings regarding the effects oflaborating with partners from the
South on research team productive capacity, indhge collaborating with such partners is not
significantly associated with team contributioridoal knowledge.

Finally, working with projects funded by northerauntries appears to have the greatest
effect on team contribution to local knowledge)daled by the effects of working with projects
funded by partners from southern countries. Taldarmarizes these findings.

Table6: International Resear ch Collaboration and Team Contribution to Local
Knowledge: Logit and PSM

Logit PSM (%)
% (1)  %(2) P>|z A T-stat B T-stat C T-stat
Internat. Res. Coll. 56.2 10.3 0.000 9.0 3.00 9.5 293 105 3.86
Foreign Researchers 16 150 0.902 -05 -0.17 04.150 2.2 0.78
Foreign Funding 89.8 0.3 0.0q0 16.6 496 16.2 5.197.0 5.65
Co-Authorship * 166.7 11.9 0.00p 155 3.09 155 13.316.3 3.58
Int. Res. with North 77.2 133 0.0q0 11.9 3.59 12.84.08 13.9 4.72
Int. Res. with South 19.9 4.2 0.203 4.2 1.28 6.7 092. 95 3.03
People from North 14.3 3.1 0.348 2.2 0.61 4.3 1.246.7 1.96
People from South 98 -23 0547 -24 -064 -0.10.04 1.2 0.32
Funding from North 85.3 14.6 0.0q0 16.1 459 169 .195 17.9 5.77
Funding from South 659 12.1 0.020 154 3.14 20.4 344 245 5.28

Observations: 1889

* Analysis done on 672 Teams

%(1): Percentage Change in Odds

%(2): Changes in Predicted Probabilities for 'Cdd@ahin Prod or Proj
A: bandwidth of 0.01; B: bandwidth of 0.05; and@ndwidth of 0.1

Next section identifies the factors that charazterithose teams that collaborate
internationally. Since collaborating internatiogalpositively affects team performance, by
knowing what factors affect collaboration decisiam#i help the design of policies oriented at
encouraging the internationalization of Colombia8Rteams, and by so doing, Colombian S&T
capabilities.
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3. Who Collaborates Internationally in Colombia?

As discussed earlier, among the 1889 teams stutiédcollaborated and 1153 did not.
What factors explain the collaborative behavior?

To answer to that question the following modekstéd using logistic regressions.

Pr(IRC05=1) = H§o + fCore03+ Page03+ Ptotphds03+ Ptotprojects03+ Pagroscst Pmedscst
Bsocial + Bhuman+ Pengi + Pothscs+ Pbussector+ Bgovsector+ Pothsector+
Bmedinst+ Bsmallinst+ Bsmallcity+ Pmedcity)

According to the results of the logit model used,team size, team age, number of
members with PhD and number of R&D projects inaeeasams’ probability of collaborating
internationally. Teams led by researchers ableritewvell in a second language, and teams led
by someone who studied overseas in the past, am likely to collaborate than teams of similar
characteristics. Teams working in the medical s@enthe social sciences or in the engineering
are less likely to collaborate internationally thaoamparable teams working in the natural
sciences. Teams affiliated with large institutiame more likely to collaborate than comparable
teams affiliated with small or mid-size institut®rFinally, teams located in small cities are less
likely to collaborate internationally than compdeateams located in big cities. All these statsstic
are significant at conventional levels.

In contrast, and as a Wald Test of joint effectsva) the sector where the teams work
does not appear to significantly affect the proliglof collaborating internationally. In fact, tres
is a 47% probability that the observed results @dslve occurred by chance. Therefore, we can
confidently conclude that the hypothesis that tifects of the sector variables are simultaneously
equal to zero cannot be rejected, hence we maythese variables from the model.

Hence, based on the new model without the sectoablas as shown in Table 7, the
number of PhDs appears to be the variables withgtieatest impact on the probability of
collaborating internationally. In fact, a one-ummtrease in the number of members with PhD
increases the odds of collaborating by 33%, holdimg other variables constant, and as the
number of team members with PhD increases from 2 (oot shown here), the probability of
collaborating internationally increases by 6.6%|dmy the other variables constant at their
means.

A one-unit increase in team size increases the ofldollaborating internationally by
3.1%, holding the other variables constant, anthasiumber of team members increases by one
unit from 6 to 7 the probability of collaboratingcreases by 0.7%, holding the other variables
constant at their means.

A one-year increase in teams’ age increases the ofidollaborating by 5.3%, holding
the other variables constant, and as team ageaseseby one year from 6 to 7 years old the
probability of collaborating increases by 1.2 petage points, holding the other variables
constant at their means.
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Table 7: Determinants of International Resear ch Collaboration: Percentage Changein

Odds
Internat. Res. Coll. b z P>z % %StdX ~ SDofX
Team size in 2003 0.03088 2.281 0.023 3.1 193 771
Team Age in 2003 0.05175 4.720 0.000 5.3 35.3 8837
Total PhDs in 2003 0.28115 6.933 0.000 32.5 86.2 2136
Leader Writes in Other Lang. 0.49352 4,208 0.000 .863 27.9 0.4979
Leader Studied Overseas 0.4748 4.187 0.000 60.8 6 260.4972
Tot. Proj. in 2003 0.07044 5.630 0.000 7.3 59.2 08®
Agrosciences -0.4299 -1.713 0.087 -34.9 -9.8 0.2392
Medical Sciences -0.49279 -2.530 0.011 -38.9 -15.1.3325
Social Sciences -0.4058 -2.212 0.027 -334 -13.9 36481
Humanities -0.17743 -1.124 0.261 -16.3 -7.3 0.4284
Engineering -0.62866 -3.327 0.001 -46.7 -19.3 07340
Other Sciences -0.13547 -0.466 0.642 -12.7 -2.7 01@.2
Mid. Home Inst. -0.31472 -2.516 0.012 -27.0 -14.2 .4861
Small Home Inst. -0.26188 -1.615 0.106 -23.0 -9.3 .3788
Small City -1.09116 -1.929 0.054 -66.4 -13.3 0.1310
Midsize City -0.23988 -1.726 0.084 -21.3 -9.4 0813

The odds that a team led by someone who writesiwell language other than Spanish
collaborates are 1.64 times as high as that ofgesith leaders who do not write well in a second
language, holding the other variables constant.ingaleaders who are able to write well in a
second language increases the probability of collting by 11.6%, holding the other variables
constant at their means.

Teams led by someone who studied overseas in tteapa more likely to collaborate
internationally than comparable teams led by somesimo did not studied overseas in the past.
Holding the other variables constant, the oddsdhatm led by someone who studied overseas in
the past collaborates are 1.61 as high as th&iaofig led by people who did not studied overseas
in the past, and holding the other variables conmsah their means, the former type of teams
increases the probability of collaborating inteimaally by 11.2%.

The odds that a team working in the medical scigntke social sciences, or the
engineering collaborate internationally are 39,aB8 19 percent lower than that of comparable
teams working in the natural sciences, respectiwgrking in the medical sciences, the social
sciences or the engineering rather than in theralatciences decreases the probability of
collaborating by 11, 9 and 14 percent respectivietyding the other variables constant at their
means.

The odds that a team affiliated with mid-size insibns collaborates internationally are
27% lower than that of the teams affiliated witly binstitutions, holding the other variables
constant. Being affiliated with mid-size institutrather than with big-size institutions decreases
the probability of collaborating internationally 4%, holding the other variables constant at
their means.

Finally, the odds that a team located in smalesittollaborates internationally are 66.4%
lower than that of comparable teams located ircliigs; and holding the other variables constant
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at their means, being located in small cities mathan in big cities decreases the probability of
collaborating by 21.3%.

If we add squared terms for team size, team at@, namber of PhDs, and total number
of projects active to see if there are curvilineffiects of these variables on the outcome variable,
we find that team size positively affects the phuliiy of collaborating but at decreasing rate. In
fact, holding the other variables constant, thebability of collaborating increases with every
additional team member but once the team reaclsigeaof about 24 members the probability
starts to fall at an increasing rate. Similarhyarteage increases the probability of collaborating
with every additional year until it is about 28 ygaf old, then it decreases the probability of
collaborating at an increasing rate, holding aheotvariables constant. The number of PhD
members also appears to have curvilinear effettsicteases the probability of collaborating
internationally, and then it decreases it oncediches a total of 28, holding the other variables
constant. Finally, the number of projects activeadhcreases team probability of collaborating,
but once it reaches a total of 45 projects, ittstdre decrease it at an increasing rate, holding a
other variables constant. All these top numbers\tien the data range.

These finding seem plausible. As more members associted with teams, more
collaboration with foreign partners is expectedt Binen the team is too large, international
collaboration may be unnecessary. Similarly, onteaan reaches a certain level of maturity, and
therefore works in a closed niche and benefits fetable institutional support, it may perceive
the international collaboration unnecessary. Saatifation’ effects may also explain the effects
of the number of PhDs a team has and the numbty rfojects active.

An LR test shows that the new model is better ti@nprevious one as the value we get
from the difference between the two LR chi2 testgtieater than the critical value for the chi-
squared distribution with 2 degrees of freedomhat@.01 level. That is, we find a statistically
significant improvement using the new model.

In sum, based on the results obtained, team &iae) ige, team composition, leadership,
discipline, institution of affiliation, and geogtaipal location seem to affect the probability of
collaborating internationally. In contrast, the teecwhere the team works is not significantly
associated with the collaborative behavior.

Finally, team size, team age, humber of PhDs amabeu of projects active increase the
probability of collaborating internationally at &ateasing rate. Once they reach a top level the
probability of collaborating decreases at an ingirgarate.

Similar analyses were done to account for the detemts of each type of collaboration
and partners. The following are the findings olediso far?

Based on the population data, and as Table 8 sheas) size, number of PhDs, the
characteristics of the team leader, the scierdicipline in which the team works, and the size of
the city in which the team is located affect the@ich of hosting foreign funding. On the other
hand, all the factors considered except team siddlse size of the city where the team is located
affect the choice of working with foreign fundinifpése are confirmed by a Wald Test of the joint
effects of the location variables not shown here).

More precisely, larger teams tend to host moreidareesearchers than smaller teams of
similar characteristics, but the size of the tedmss not seem to affect the probability of working
with foreign funding.

Older teams tend to prefer working with foreign dimg than younger teams, but team
age is not associated with the choice of hostingigm researchers.
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The number of PhDs is positively associated witthtigpes of collaboration. Teams led
by researchers able to write well in a second lagguor that studied overseas are more likely to
collaborate internationally both through hostingefgn researchers and working with foreign
funding than comparable teams.

The number of projects active a team has is adedcigith the probability of working
with foreign funding, but it is not significantlysaociated with hosting foreign researchers.

Teams working in the medical sciences or in theregging are less likely to host foreign
researchers than comparable teams working in theratasciences. Teams working in the
humanities are less likely to work with foreign fling than similar teams working in the natural
sciences.

Teams working in the government sector or in theOdGsector are more likely to work
with foreign funding than comparable teams affdahtwith the academic sector. However, the
sector where the team works does not seem to beiate] with the probability of hosting foreign
researchers.

Teams affiliated with large institutions are maikely to work with foreign funding than
comparable teams affiliated with small and mid siastitutions, but the size of the home
institution does not seem to be significantly atsed with the probability of hosting foreign
researchers.

Finally, the size of the city where the team isated also seems to affect the choice of
hosting foreign researcher as opposed to the chaficgorking with foreign funding. In fact,
teams located in mid-size cities are less likelyost foreign researchers than comparable teams
located in large cities.

Table 8: Factors Explaining the Choice of Hosting Foreign Resear chers and Working with
Foreign Funding

Foreign Foreign
Researchers Funding
Team Size in 2003 0.048** -0.004
(3.67) (0.28)
Team Age in 2003 0.007 0.052**
(0.61) (4.73)
Total PhDs in 2003 0.189** 0.208**
(5.28) (5.57)
Leader Writes Oth Langua 0.468** 0.486**
(3.47) (3.57)
Leader Studied Overseas 0.344** 0.433**
(2.69) (3.33)
Tot. Proj. in 2003 -0.017 0.085**
(1.64) (6.97)
Agrosciences -0.487 -0.303
(2.70) (1.10)
Medical Sciences -0.788** -0.002
(3.47) (0.01)
Social Sciences -0.413* -0.224
(2.99) (1.08)
Humanities 0.076 -0.433*
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(0.45) (2.39)
Engineering -0.714* -0.306
(3.29) (1.50)
Other Sciences -0.284 0.337
(0.91) (1.10)
Business Sector 0.177 0.215
(0.47) (0.52)
Government -0.322 0.693*
(0.89) (2.22)
Other Sector -0.100 1.740**
(0.22) (3.92)
Mid. Home Inst. -0.266 -0.503**
(1.85) (3.48)
Small Home Inst. -0.084 -0.847**
(0.39) (3.42)
Small City -1.865 -0.121
(1.82) (0.21)
Midsize City -0.391* -0.021
(2.34) (0.13)
Constant -1.959** -2.453**
(9.30) (11.24)
Observations 1889 1889

Absolute value of z statistics in parentheses
* significant at 5%; ** significant at 1%

The analysis of the factors affecting the choicecofauthoring with partners located
overseas is done using the sample. In this casejnternal characteristics of the teams are
excluded as they were observed after the co-autipoisok place.

Hence, as shown in Table 9, teams working in thie@lgural sciences or the engineering
appear less likely to co-author with colleaguested overseas than comparable teams working in
the natural sciences.

Interestingly, teams working in the academic seeta less likely to co-author with
colleagues located in foreign countries than comdparteams working in the business sector or in
the government sector. This may suggest an impoktael of endogamy characteristic of the
Colombian academic sector.

Finally, teams affiliated with large institutionseamore likely to co-author with partners
located overseas than comparable teams affiliatéidl tive small and midsize institutions. No
significant effect of location is found. This isrdsmed by a Wald Test of the joint effect of these
variables not shown here.
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Table 9: Factors Explaining the Choice of Co-authoring with Partners L ocated Over seas

Int. Co-Authorship in 2001-2

Agrosciences -1.050%**
(2.69)
Medical Sciences -0.322
(1.25)
Engineering -0.679*
(2.59)
Other Sciences -1.464
(1.93)
Business Sector 2.325**
(3.78)
Government 2.154**
(4.66)
Other Sector 2.366*
(2.40)
Mid. Home Inst. -0.921*
(3.82)
Small Home Inst. -2.917*
(5.19)
Small City -0.468
(0.59)
Midsize City -0.403
(1.54)
Constant -0.392*
(2.49)
Observations 672

Absolute value of z statistics in parentheses
* significant at 5%; ** significant at 1%

Based on the population data, and as shown in Tli@hlall the factors considered, except
team size and team location, significantly affeztnh choice of collaborating with partners from
the north. However, if we take a 0.1 confidenceelewe reject the null that team location is not
associated with collaborating with partners from tlorth.

On the other hand, the choice of collaborating wigitners from the south seems to be
associated with the number of PhDs and the extenthich the team leader writes well in a
second language only. The z-tests of the effeciisddfidual variables and the Wald Tests of joint
effects of the categorical variables confirm thigsgings.
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Table 10: Factor s Explaining the Choice of Collaborating with Partnersfrom Northern
and Southern Countries

Int. Res. w/ Int. Res. w/

North South
Team Size in 2003 0.016 0.026
(1.14) (1.88)
Team Age in 2003 0.052** 0.012
(4.66) (1.10)
Total PhDs in 2003 0.294* 0.133*
(7.33) (3.70)
Leader Writes Oth Langua 0.353** 0.506**
(2.76) (3.36)
Leader Studied Overseas 0.508** 0.130
(4.12) (0.92)
Tot. Proj. in 2003 0.082** 0.020
(6.48) (2.93)
Agrosciences -0.594* -0.065
(2.19) (0.22)
Medical Sciences -0.429* -0.390
(2.09) (1.64)
Social Sciences -0.395* -0.162
(2.00) (0.72)
Humanities -0.217 -0.081
(1.29) (0.42)
Engineering -0.821* -0.326
(3.98) (1.42)
Other Sciences 0.016 0.113
(0.05) (0.35)
Business Sector 0.204 0.224
(0.54) (0.55)
Government 0.338 0.020
(1.10) (0.06)
Other Sector 1.096** 0.340
(2.58) (0.72)
Mid. Home Inst. -0.467** -0.225
(3.39) (1.42)
Small Home Inst. -0.453* -0.303
(2.11) (2.19)
Small City -0.627 -1.364
(1.10) (1.33)
Midsize City -0.255 -0.141
(1.66) (0.79)
Constant -2.181** -2.422**
(10.42) (10.48)
Observations 1889 1889

Absolute value of z statistics in parentheses
* significant at 5%; ** significant at 1%
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Based on the population data, and as shown in THbkend discussed before, team size
positively affect the choice of hosting foreign easchers. However, it is more important for
explaining the choice of hosting researchers from south than for explaining the choice of
hosting researchers from the north. In fact, astaedard deviation increase in team size increases
team’s odds of hosting researchers from north factor of 1.26 (not shown here), but increases
team’s odds of hosting researchers from south fgctor of 1.30, holding all other variables
constant. The difference of the effects of eachabée can also be seen by comparing the z-
statistics in each model.

The opposite is true regarding the effects of jp®hDs in teams. As the nhumber of PhD
holders increase, the probability of hosting fonergsearchers increases, but it raises more for
hosting researchers from the north than for hodtingign researchers from the south, holding the
other variables constant.

Teams led by someone who writes well a second kgeupositively affects the
probability of hosting foreign researchers, bubd@reases it more for hosting researchers from the
south than from the north, holding the other vdealtonstant.

Teams led by someone who studied overseas appees likely to host foreign
researchers than teams not led by someone whadtoderseas, but this is mostly because this
factor affects the choice of hosting researchenms fthe north and not from the south.

While teams working in the natural sciences areeniieely to host foreign researchers
than comparable teams working in the agriculturalerses, the social sciences and the
engineering. However, this is mostly due to itshieigprobability of engaging researchers from the
north than for its probability of engaging researshfrom the south, which is not statistically
significant. By contrast, the odds of hosting fgreiresearchers are higher among the teams
working in the natural sciences than among the seamrking in the medical science. These
differences are statistically significant regardbajh types of partners. In this case, the diffegen
in the odds is also higher regarding the choicénating researchers from the north than of
hosting foreign researchers from the south.

Finally, the higher probability of hosting foreigasearchers among teams affiliated with
big institutions or located in large cities comphr® that of teams affiliated with mid-size
institutions or being located in mid-size citiesgends mostly to the higher probabilities of the
former types of teams to host researchers fronmainih.

As for the factors affecting the choice of workiwgh foreign funding is concerned, team
age appears to affect positively the choice of waykvith foreign funding, but it affects more the
choice of working with funding from the north thah working with funding from the south,
holding the other variables constant.

By contrast, although the effects of having PhDteams positively affects the choice of
working with foreign funding, it seems to affectsiiovely more the choice of funding from the
north than from the south, holding the other vddaltonstant.

The extent to which a team has a leader who istabiite well in a second language or
studied overseas in the past is more importanéfpiaining the choice of working with foreign
funding from the north than for explaining the aw®iof working with funding from the south
(whose effects are not statistically significant).

The number of projects active a team has is impoifta explaining the choice of both
types of funding. However, the effect is greaterdrplaining the choice of working with funding
from the north.
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Teams working in the other sciences or in the miigitiplinary sciences are more likely to
work with projects funded by southern countriemtteams working in the natural sciences. They
are also more likely to work with funding from teeuth than with funding from the north.

Teams affiliated with the government or the NGQ€ more likely to work with foreign
funding than comparable teams affiliated with tbademy, mostly because the former are more
likely to work with funding from the north.

Finally, teams affiliated with large institutiongeamore likely to work with foreign
funding than comparable teams affiliated with sraalll midsize institutions. However, the main
difference is due to their likelihood of workingtiifunding from northern countries.

No significant effects were found regarding theakion variables on the probability of
working with funding of any origin.

Table 11: Factors Explaining the Choice of Different of Combinations of Types of Partners
and Types of Collaboration

Researchers  Researchers  Funding Fyindin
frm North frm South frm North  frnSouth
Team Size in 2003 0.040** 0.045** -0.004 -0.027
(2.74) (3.04) (0.27) (1.44)
Team Age in 2003 0.015 -0.019 0.050** 0.035*
(1.28) (1.27) (4.53) (2.54)
Total PhDs in 2003 0.201** 0.113* 0.230** 0.083*
(5.13) (2.80) (6.07) (2.09)
Leader Writes Oth Langua  0.385* 0.524** 0.481** B3
(2.29) (2.93) (3.40) (1.51)
Leader Studied Overseas 0.371* 0.155 0.478** 0.192
(2.35) (0.94) (3.54) (0.89)
Tot. Proj. in 2003 -0.011 -0.009 0.084* 0.052**
(0.97) (0.69) (6.81) (4.00)
Agrosciences -0.864* -0.304 -0.294 -0.030
(2.28) (0.85) (1.03) (0.07)
Medical Sciences -0.886** -0.780** 0.023 0.154
(3.23) (2.61) (0.12) (0.48)
Social Sciences -0.540* -0.400 -0.183 0.096
(2.10) (1.50) (0.85) (0.28)
Humanities 0.088 -0.104 -0.359 -0.504
(0.46) (0.49) (1.92) (1.52)
Engineering -1.261* -0.363 -0.291 -0.299
(4.15) (1.39) (1.37) (0.83)
Other Sciences -0.085 -0.634 0.279 0.907*
(0.24) (1.42) (0.88) (2.30)
Business Sector 0.275 0.303 0.160 0.554
(0.61) (0.64) (0.38) (0.90)
Government -0.106 -0.380 0.672* 0.882
(0.25) (0.79) (2.10) (1.79)
Other Sector 0.244 -0.217 1.812** 1.385*
(0.50) (0.35) (4.06) (2.15)
Mid. Home Inst. -0.454* -0.088 -0.499** -0.551*
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(2.50) (0.48) (3.31) (2.15)
Small Home Inst. -0.086 -0.134 -0.734* -0.933*
(0.32) (0.46) (2.89) (2.08)
Small City -1.232 0.019 -0.063
(1.20) (0.03) (0.06)
Midsize City -0.518* -0.197 -0.084 0.035
(2.34) (0.95) (0.50) (0.13)
Constant -2.499** -2.545** -2.667** -3.415*
(9.89) (9.46) (11.75) (10.08)
Observations 1889 1856 1889 1889

Absolute value of z statistics in parentheses
* significant at 5%; ** significant at 1%

D. Conclusion and Policy | mplications

Research team productive capacity and team alditgontribute to local knowledge
depend in part on team internal characteristickudtiog its size, its age, the level of education of
its members, and their R&D activities. Team perfance also depend on the field it specializes
in, the sector where it performs its activitiesg ttharacteristics of its home institution and the
characteristics of its location, among other factor

The research presented here attempts to proviighieson the policy discussion on the
effects of the internationalization process on IG®&T capabilities in developing countries. We
have seen that research collaboration in generdl iaternational research collaboration in
particular have great potential for positively atfeg local scientific and technological
capabilities. Considering the increasing gap betwea the one hand, countries with access to
global knowledge and technologies holding leadiagifons in the race for markets, and, on the
other hand, countries that lack the means to nfest tocal needs, compete, and protect the
environment, international research collaboratippears as an effective way to narrow the
development distances between the two worlds anate nmportantly, provide developing
countries better ways to facing their day-to-dagliemges. In fact, contrary to development based
on aid, monitoring, import, or copy as means ta@ase local capabilities, international research
collaboration can help in building local and lormgsting S&T strengths in developing countries
while assuring their autonomy, reciprocity and nalitgains for those involved in cooperative
activities.

There are some risks associated with internatioeakarch collaboration, however.
Although these negative effects can be hard todaymilicy tools should be developed to identify
their causes, minimize their impact, and prevaminfhappening if possible.

We found here that international research collaimra significantly affects the
Colombian S&T system in a positive way, but we alsticed that its effects depend on the type
of collaboration chosen and the type of partneolved. In this sense, we found that although
working with foreign funded projects and co-authgriwith partners located overseas positively
affect team S&T capabilities, hosting foreign reskars does not seem to significantly affect
team performance. In this sense, while the lineadehargument is supported by the data, the
dependency and the outsourcing arguments areedject

We also found that although collaborating with pars from the south yields greater
impact on team productive capacity than collabogativith the north, it is collaborating with
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northern countries that contribute the most to teaability to add to local knowledge. These
finding reject both research hypotheses regardigg diversity and the similarity arguments
respectively, however.

Interestingly, working with projects funded mstitutions from the south appears to
have the greatest positive impact on team’s prageiotapacity. On average, it contributes
between 11 and 14 bibliographic products alonecdntrast, working with projects funded by
institutions from the north appears to have theamgst positive impact on team’s ability to
contribute to local knowledge. On average, it mi@am’s probability of involving Colombia in
the research process by between 16% and 18%.

To understand the reasons why a specific combimadib collaboration activity and
partner would be preferred over another requirgthdu investigation, however. The patterns
found here are illustrative of the challenges potitakers would face if they were interested on
implementing tools strategically oriented at gettthe most benefits possible from their support
to team performance and their process of internalization. The findings reported here are the
first steps in that direction. In addition, a mdltastrated decision-making process would help
teams in gaining from collaborating internationaiynd by that means, positively affecting the
society as a whole.

In Colombia very few research teams actually caltate internationally, however. The
understanding of what explains international caltalion is an important input for the design of
policies in S&T. In this sense, we found that tesime, team age, the level of education of its
members, the characteristics of the team leader tla dynamism of the teams help to explain
collaborative behavior. We also found that theeedifferences in the probability of collaborating
internationally responding to scientific discipl&evere the teams working in the natural sciences
tent to be more cosmopolitan than teams workinpénmedical sciences, the social sciences and
the engineering, but equally cosmopolitan than teararking in the agricultural sciences, the
humanities and the multidisciplinary sciences. Wso &ound that teams working in large
institutions or located in large cities tend torbere collaborative than comparable teams. Finally,
we found that there is no difference associatet thi¢é sector the team works in.

However, we also saw that these differences vapgiiding on the type of collaborative
activity and partner. Thus, whereas team size, tedotation, the characteristics of the team
leader, and team location help to explain the @hofchosting foreign researchers; team age, team
education, team leader characteristics, team dwmpscientific field, sector, and characteristics
of the home institution help to explain the chadéeveraging foreign funding.

The choice of collaborating with partners from therth seem to be affected by the
experience of the team, the education of its mesylibe characteristics of the team leader, the
discipline, the sector, and the characteristicsh&f home institution. In contrast, the factor
explaining the choice of collaborating with parthérom the south depends only on the level of
education of the research team and the charaatsridtthe team leader.

Probably the main reason why teams do not collaboisa because they lack public
support. In fact, there is plenty of room for gaweent intervention and, as we showed, it is
largely justified. Public policies could includeote to encourage physical interaction among
scientists, network creation, network membershig aperation, access to external information,
and diplomatic support among other alternativesve&d ways governments can foster
international research collaboration include:

1. Promoting the participation of local teams in int&ional projects,

2. Supporting workshop participation by local scietstiswhen they are held
overseas,
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3. Supporting international scientific workshops origad by local research
institutions,

4. Funding international dissemination of informatioglated to local scientific
activities and communities (through the web, therimationalization of local
scientific journals, or the countries’ diplomateépresentations overseas),

5. Funding local dissemination of information relatem international scientific
activities (including translation of relevant wotkto local language) and
communities,

Sponsoring courses of foreign languages for loesgarchers,
Supporting the negotiation of collaborative agrestsi®etween institutions

Sponsoring international education at the gradieats

© © N o

Supporting international research internships

10. Sponsoring local access to international databdketh Journal and Patent
databases),

11. Supporting programs oriented at attracting foreigisearchers and national
researchers living overseas to work in or with lagstitutions,

For this goal, public funding for these activit&sould dramatically increase. There is no
information on government expenditure on the irdéomalization of local S&T available, but it
is easy to guess that the budget assigned totéaeilinternational research collaboration is
meager.
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