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Abstract We investigated the extent to which different selection mechanisms for

awarding scholarships varied in their short- and longer-term consequences in the perfor-

mance of awardees in terms of scientific production. We conducted an impact evaluation

study on undergraduate, master’s, and PhD research scholarships and compared two dif-

ferent financial sources in Brazil: in one, the selection mechanism was based on a peer

review system; the other was based on an institutional system other than peer review. Over

8,500 questionnaires were successfully completed, covering the period 1995–2009. The

two groups were compared in terms of their scientific performance using a propensity score

approach. We found that the peer-reviewed scholarship awardees showed better perfor-

mance: they published more often and in journals with higher impact factors than schol-

arship awardees from the other group. However, two other results indicate a different

situation. First, over the long-term, awardees under the peer review system continued to

increase their publication rate and published in higher-quality journals; however, the dif-

ferences with the control group tended to diminish after PhD graduation. Second, the better

performance of peer-reviewed scholarships was not observed in all subject areas. The main

policy implications of this study relate to a better understanding of selection mechanisms
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MG 36036-330, Brazil

123

Scientometrics (2015) 102:1167–1188
DOI 10.1007/s11192-014-1462-9



and the heterogeneity regarding the relation between selection processes and scientific and

academic output.
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Introduction

Scholarships to support research activities and the training of qualified research personnel

began after the Second World War at a time of a massive increase in the state’s role in

research, associated with growing investment in science and technology (Bernal 1954;

Bush 1945; Mowery and Rosenberg 1998). The awarding of scholarships to undergraduate

and graduate students became one of the key functions of such newly created research

funding agencies as the National Science Foundation (NSF) in the United States and the

Research Councils in the United Kingdom. The postwar model, which was founded on

positive estimates of the return on substantial investment in basic research and expansion

of scientific capital, has been questioned since the 1980s; however, financial support for

students and researchers via scholarships has continued and is still a central element of

research funding agencies around the world. In Brazil, the story was no different.

According to Feller (2013), the main mechanism used in the past and still used to award

these scholarships is based on peer review processes, which is commonly employed with

other categories of research support.

This continuous fostering of a highly qualified research workforce did not occur without

greater efforts to measure its general impact on scientific progress (Jarvey et al. 2012;

Kostoff et al. 1994; Price 1963; Van Raan 1996) as well as on social and economic

development and growth (Halse and Mowbray 2011; Neumann and Tan 2011). Though not

yet highly systematic, research-evaluation practices are increasingly recommended as a

policy tool in fields of science, technology, and innovation—as evident in the literature

(Arnold 2012; Bach 2012; Edler et al. 2012; Pavitt 1991; Salter and Martin 2001).

The purpose of this paper is to analyze the impact of scholarships awarded through

particular selection mechanisms on scientific progress. This study is based on data from a

comprehensive evaluation exercise that was conducted in Brazil. We evaluated three kinds

of scholarship: research scholarships at the undergraduate level and master’s and PhD

scholarships at the graduate level. We assessed these in terms of two different Brazilian

scholarship-awarding systems: the state system, as represented by the São Paulo Research

Foundation (FAPESP), which uses peer reviews; and the federal system, which allocates

scholarships without peer review, being based instead on institutional mechanisms. Since a

comprehensive analysis would have been excessively complex with respect to the indi-

cators used and their various types of impact, the present study focuses on scientific

indicators.

In general terms, the question examined in this investigation is whether peer review—

conventionally regarded as a mechanism guaranteeing autonomy and meritocracy in

research funding (Feller 2013)—as a basis for scholarships awarding has a more significant

1168 Scientometrics (2015) 102:1167–1188

123



impact with respect to publication output than other awarding systems, which do not use

this selection mechanism. More specifically, this paper assesses whether peer review is a

superior selecting method to alternative methods based on institutional criteria.

The ‘‘Previous studies’’ section presents a review of the literature related to scholarship

evaluation; it highlights the use of bibliometric indicators and presents an analysis of the

peer review factor. The ‘‘Study background’’ section presents details of the processes used

to award scholarships in Brazil toward an understanding of the treatment and control

groups covered in this study. The ‘‘Methods’’ section outlines the methodology employed

in this study. This study’s main findings are expounded in ‘‘Results and discussion’’

section. Finally, the last section presents the conclusions of this study together with the

policy implications.

Previous studies

Many studies have been published on scholarship evaluation. The investigations used a

wide array of methodologies and varied considerably in terms of the measured outputs and

impacts; that is a reflection of the different objectives of the programs as well as other

important features, such as level (undergraduate or graduate students, early-career

researchers, outstanding researchers), subject area, scholarship duration and value, and

manner of scholarship selection. In some comprehensive studies, scholarships were

examined as one of many elements in an analysis of publication output and career tra-

jectories of graduates of higher education and with master’s and PhD degrees.

Over the past 10 years, most studies in this area have focused on the influence of

scholarships with respect to the following aspects: supporting awardees to achieve their

degree (ADB 2007; Amos et al. 2009; Goldsmith et al. 2002; Navarra-Madsen et al. 2010);

future employment, earnings, and mobility of awardees (ADB 2007; Auriol et al. 2012;

BBSRC 2011; Colugnati et al. 2011; Goldsmith et al. 2002; Moral and Pombo 2011;

Neumann and Tan 2011; Salazar 2010; STATCOM 2007; Vitae 2010); social and eco-

nomic development of countries and regions as a consequence of funded research and

mobility (ADB 2007; BBSRC 2011; CIDA 2005; Moral and Pombo 2011); and scientific

production of awardees. Although less explored than others, the latter aspect is particularly

important for the purposes of the present study. According to Kamler (2008) and Pinheiro

et al. (2012), publication pressure has increased in recent years: it is an important feature of

research activities and a major component in a progressively more competitive academic

labor market. The ability of graduate programs to promote scientific production has

become a matter of greater concern. These changes have spurred doctoral programs toward

enhancing student productivity in this regard and also led to greater scholarly interest in

understanding the publication patterns of PhD graduates and the influence of such patterns

on the graduates’ subsequent careers.

Studies dealing with the publication output of scholarship recipients—or more broadly

of graduate students and early-career researchers—have generally emphasized the use of

conventional bibliometric indicators, such as publication and citation counts (Hicks and

Melkers 2013). As noted by Thompson et al. (2009), newer measures have recently been

included in this kind of study, such as journal impact factors, the type of publication

(original work resulting from research or reviews), the order of authorship (identifying

whether the awardees were lead researchers or developed their research independently),

and combinations of the number of publications and number of citations, such as the H

index.
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Some studies have also considered coauthorship analysis by measuring collaboration

among different subject areas and countries (Böhmer and von Ins 2009; Jacob and Lefgren

2011) and also between doctoral students and their supervisors: this kind of collaboration

appears to positively influence the publication output of PhD students before and after

graduation (Kamler 2008; Netting and Nichols-Casebolt 1997; Pinheiro et al. 2012). It is

also noteworthy that a number of studies have included indicators designed to verify the

long-term impact of scholarships by assessing the levels of publication after the scholar-

ships expire, i.e. establishing the relationship between publications rates before and after

PhD graduation (Goldsmith et al. 2002; Jacob and Lefgren 2011). Broadly speaking, these

‘‘new’’ indicators help provide an understanding of the extent to which scholarship pro-

grams contribute to research independence for former awardees and to the transition from

PhD student to career researcher. Examples of studies that examine the influence of

scholarships on scientific production using some of these indicators are given below.

An evaluation of graduate scholarship programs from the NSF (Goldsmith et al. 2002)

and from Chile’s National Science & Technology Council (STATCOM 2007) has shown

the positive impact of scholarships on the scientific production of awardees. In both cases,

the scholarships were extended by means of competitive processes, including peer review;

also, the evaluation was conducted using secondary data and surveys sent to awardees,

applicants who were not awarded scholarships, and their peers who did their graduate

studies without such support. In the case of the NSF, no significant difference was found

among the groups of students while they were still in graduate school. However, awardees

displayed better performance in terms of scientific production after they had completed

their graduate studies, especially in certain subject areas, such as mathematics and eco-

nomics; this was probably due to the fact that a significant proportion of these awardees

ended up teaching at university. In the case of economics, 64 % of the awardees published

more than two indexed articles compared with 23 % for the control group. In the Chilean

study, differences were found in publication output during graduate education: the treat-

ment group produced 60–120 % more than the control group after accounting for demo-

graphic bias.1

Jacob and Lefgren (2011) obtained similar findings for postdoctoral fellowships

extended by the National Institutes of Health in the United States using peer review and

integrated-review groups. Comparing successful and unsuccessful applicants using sec-

ondary data, the authors found a difference of 0.65 publications more for the treatment

group of awardees in the first 5 years after application and 0.47 in the following 5 years.

Conversely, using secondary data, an online survey, interviews, and bibliometric analysis,

Böhmer and von Ins (2009) concluded that there was no significant difference in the

publication output of awardees of a program supporting young researchers in Germany

compared with non-awardees. However, the financial support did help the young

researchers achieve independence in some areas, such as medical sciences. Böhmer and

von Ins reached this conclusion by analyzing the position of awardees in the order of

authorship for articles published before and after the grants were awarded.

Salazar (2010) and Moral and Pombo (2011) examined secondary data and surveys

from Colombian and Spanish graduate scholarship programs, respectively, performed

without control groups. These studies provided additional evidence for the impact of such

programs on awardees’ scientific productivity. In Colombia, there was an over twofold rise

1 In that study, the difference observed between the groups needs to be regarded with care: the control group
comprised both non-awardees who applied the same year as awardees and awardees in the same program but
selected at a later stage than the treatment group.
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in the publication output of awardees in international journals during the doctoral study

period. In Spain, the average publication of awardees in academic journals before PhD

graduation was 3.1, and the overall publication count was 47 % higher for awardees who

pursued an academic career after graduation than for those who followed a different career.

Other studies have measured the publication output of early-career researchers awarded

scholarships in Brazil (Colugnati et al. 2011) and the United Kingdom (BBSRC 2011)

without using control groups; they also found a positive impact. In both cases, there was an

average of 7.5 articles published in international journals as a result of research funded by

the scholarship programs in 1996–2006 (Brazil) and 1995–1998 (United Kingdom); the

results were based on data collected in surveys from awardees. With more recent cohorts,

the UK study, which was oriented to biological sciences, found a lower figure: five pub-

lications for the period 1999–2003 and two publications for 2004–2007, based on data

collected in 2009. Regarding the publications’ impact, the UK study found that 89 % were

in journals with an impact factor of eight or higher.

The data collection methods in the above studies consisted of the following: secondary

information in the form of institutional documents from scholarship programs or other

pertinent sources, generally on a national scale; surveys; interviews; institutional visits; and

bibliographic data. Some of those studies also recognized the importance of analyzing the

publication output of awardees and non-awardees (generally those whose applications were

rejected) to measure the impact of scholarships on scientific production. Except for

Goldsmith et al. 2002 and investigations that did not employ control groups, the studies

used regression adjustment (Jacob and Lefgren 2011) and stratified analysis (STATCOM

2007; Böhmer and von Ins 2009): they considered demographic variables from both groups

and previous productivity levels or peer review information from the scholarship-appli-

cation process so as to reduce sample bias, thereby allowing a better comparison of the

behavior of the groups.

However, those evaluation studies did not directly address the relationship between

whether selection is based on peer review and the subsequent impact on publication output,

which is examined in the present investigation. Comparisons were typically made between

awardees and non-awardees, with no control being employed in terms of successful

applications for other types of scholarship by the rejected group. Therefore, in the present

study, we attempted to expand the understanding of this issue by analyzing the relationship

between research funding (beyond graduate scholarships) and publication output (Neufeld

and von Ins 2011; Rigby 2011, 2013).

According to Rigby (2013), although research funding data have been increasingly used

in recent years to evaluate publication output, such links are difficult to prove. This is

essentially because there is no guarantee of a cause and-effect relationship between

research funding and scientific production: ‘‘Funding sources are not simply an input to a

paper but to a process which is managed by researchers. And this research process can

produce its output in a large number of ways depending upon a range of academic con-

ventions and priorities’’ (p. 374).

According to Neufeld and von Ins (2011), studies of the correlation between research

funding resulting from peer review and the bibliometric performance of grantees have

produced widely varying conclusions. This is largely because of the methodological dif-

ficulties discussed by Rigby (2013); but it also due to the varying profiles of applicants

(with the corresponding self-selection bias) and the heterogeneity of the work conducted

by peers (Neufeld and von Ins 2011). In terms of researcher profiles, the most critical

aspect in this type of analysis is the distinction between approved applicants and the most

highly qualified rejected applicants (Bornmann et al. 2010; Melin and Danell 2006). This
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heterogeneity can be seen, for example, in the debate between Opthof and Leydesdorff

(2011) and Waltman et al. (2011) on the correlation between bibliometric indicators and

the quality judgments of a peer review committee in the case of Dutch research groups in

the field of chemistry. Their papers present different findings based on different treatments

of the same data.

Bornmann et al. (2010) set out to determine the ability of agencies to select individuals

with the best future performance via peer review; the authors analyzed levels of scientific

production before and after application for grants in four particular cases. Their findings

pointed to higher average productivity and citation impact for successful applicants than

for rejected applicants—both before and after the award of funding; there was a statisti-

cally significant correlation between the decisions resulting from peer review and publi-

cation output. However, the comparison of Bornmann et al. between successful applicants

and the best-rejected applicants produced uneven results: funding agencies do not always

succeed in ‘‘picking winners’’ where bibliometric performance indicators are concerned.

This debate highlights a basic critique of scientific practice: the award of research

funding by means of a competitive process based on peer review is expected to entail

selection of the best researchers; this in turn should theoretically lead to scientific pro-

duction with the highest impact. According to Heinze (2008), this is precisely the logic that

has guided research funding agencies in recent decades. However, as well stated by

Waltman et al. (2011), given the limitations of both bibliometric analysis and peer review,

the discrepancies between these two elements demand closer study.

The above discussion shows that as well as general research funding, graduate schol-

arship awards are generally expected to lead to positive publication outputs. The changing

of the academic labor market toward a more competitive character increases such

expectations. This underlines the importance of measuring the publication output of

doctoral students both before graduation and afterward—as a long-term impact that

influences the careers of those young researchers. However, the correlation between

scholarship-awarding mechanisms and scientific production is not homogenous: there is

room for new studies to determine the cause and effect between these elements, taking into

account the differences among subject areas as well as other features. Examining the role

of peer review as an effective selection mechanism is of particular interest.

The research question posed in the present study is based on the above discussion: what

differences can be measured in the impact on scientific production resulting from schol-

arships to undergraduate and graduate students awarded by agencies using different

selection mechanisms?

Study background

Brazil’s research funding system is organized at both federal and state levels. At the federal

level, research undergraduate scholarships—also known as the Scientific Initiation Pro-

gram (ScI)—and graduate scholarships (for master’s and PhD degrees) are awarded by the

Coordination for the Improvement of the Higher Education Personnel (CAPES) and the

National Council for Scientific and Technological Development (CNPq). At the state level,

these scholarships are awarded by research funding agencies, among which FAPESP is by

far the largest.2

2 FAPESP is the largest state research agency in Brazil. It accounts for almost 40 % of the total financial
support given annually to research activities in the state of São Paulo. São Paulo State accounts for one-third
of Brazil’s GDP, one-fifth of the country’s population, and 45 % of its annual PhD graduates.
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The federal agencies CNPq and CAPES use a decentralized institution-based system to

award scholarships. These agencies allocate quotas to universities and other research

organizations based on established criteria of their institutional performance in a national

ranking of graduate programs: institutions with better-ranked programs receive more

scholarships. The institutions themselves then follow non-standardized internal awardee-

selection processes. In this study, we refer to such selection methods as ‘‘institutional’’

since they are predominantly based on institutional criteria.

As already noted, FAPESP uses peer review, not the institutional system, to award

scholarships based on proposals presented by applicants regularly enrolled at institutions in

São Paulo State. The criteria employed in the peer review are the student’s academic

excellence, the supervisor’s experience and expertise, and the quality of the project

(objectives, theoretical base, methodology, and feasibility).

Table 1 shows the number of scholarships awarded by all three agencies in 2009, the

last year in the evaluation interval used in the present study.

Undergraduate and graduate students from São Paulo State can apply for a scholarship

under the institutional quota or directly to FAPESP. The student’s decision here normally

depends on the circumstances: a student may receive a scholarship under the institutional

quota and then decide to apply to FAPESP; alternatively, the student may apply to FA-

PESP and then receive a scholarship under the institutional quota. There are no general

rules in this regard: the decision depends on the preferences of the student and of their

supervisor as well as on the opportunities they will face. Though differences exist between

the scholarships, there are no clear advantages or disadvantages as to make one type

superior to another. FAPESP’s approval rate is notably high. In 2009 the proportions of

approved applications were 73 % for ScI, 43 % for MSc, and 60 % for PhD students.

Methods

The methodology in this study consisted mainly of an online questionnaire completed by

individuals who applied for ScI, MSc, or PhD scholarships from FAPESP during the period

1995–2009. All the questions reflected the results of discussions on evaluation indicators

during a one-day workshop attended by some 60 people, including representatives of

FAPESP, professionals involved with evaluation of science, technology and innovation,

and former scholarship awardees in a range of subject areas. The purpose of the workshop

was to validate the structure of the present study before data collection began.

The data on applications for FAPESP scholarships were taken from FAPESP’s database.

Those data basically consisted of applicant contact details, supervisor details, and project

details (title, abstract, and subject area).

Data collection

The questionnaire prepared for online completion was extensive; however, the items most

pertinent to the present study were socioeconomic details of the respondents, information

about the respondents’ undergraduate and graduate studies, and details of scientific pro-

duction throughout their careers. The questionnaire was partially completed using infor-

mation from each respondent’s Lattes Curriculum to facilitate the process and boost the

response rate. The Lattes platform is a government-maintained database of résumés and

other information on researchers throughout Brazil. It has a web interface, which is used

for almost all research grant applications nationwide.
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The questionnaire was accessible on the Internet for 45 days from February to March

2012. Individuals were invited to complete the personalized questionnaire by e-mail. In all,

57,490 e-mails were sent to individuals whose applications to FAPESP had been approved

or rejected. Of those, 39,765 e-mails successfully reached the individuals in question; the

failures were due to the e-mail addresses in the initial database not having been updated.

Sample

The response rate based on successfully sent invitations was 31 %. Responses from

individuals with more than one ScI, master’s, or PhD application in the period were

excluded, as were individuals with rejected applications who had not received any

scholarships throughout their academic careers. This procedure was necessary to maintain

the proximity of the treatment and control groups, thereby allowing a quasi-experimental

design. The number of satisfactorily completed questionnaires remaining after this process

was 8,682 (21 % of the response rate). Here, ‘‘satisfactorily completed’’ refers to those

questionnaires that contained all the information about the variables used in the matching

method. We also used the full sample for other purposes within the evaluation study.

Although the response rate was low as a percentage, it allowed a significant number of

equivalent observations of awardees and non-awardees.

The control group in this evaluation study comprised former CAPES/CNPq awardees

whose applications were rejected by FAPESP for a range of reasons, as outlined in the

previous section. Using non-awardees as a control group, with regression adjustment or

stratified analysis approaches to control for bias, has been widely reported (Böhmer and

von Ins 2009; Bornmann et al. 2010; Goldsmith et al. 2002; Jacob and Lefgren 2011).

Nevertheless, as argued by Rosenbaum and Rubin (1983) and Mutz and Daniel (2012), this

approach does not control for all possible bias—mainly if there are variables that could

affect the treatment (scholarship) selection. A propensity score (PS) was used in this study

to match individuals from the two cohorts so as to overcome this constraint. The PS allows

for a statistically intuitive method (Rosenbaum and Rubin 1983) of reproducing the

probability structure for allocating units to a group on the basis of observable character-

istics, thereby minimizing the selection biases that can be measured and observed. The PS

is the probability that a given individual belongs to the treatment group.

If Ti = 1 and Ti = 0 refer to members of the treatment and control groups, respec-

tively, for a set of variables, Xi, representing observable characteristics (where i is the

index that places an individual in the sample i = 1,…,N), then mathematically the PS for

individual i is given as p(x)i = Prob(Ti = 1/Xi). In a simple randomized experiment,

pi = 0.5 regardless of the vector Xi, but this cannot be the case when the dataset used is

observational.

Table 1 Scholarships awarded
by FAPESP, CNPq, and CAPES
in 2009 in the state of São Paulo
(number and percentage by type)

The authors, using available data
from FAPESP, CNPq, and
CAPES

Type FAPESP CNPq CAPES

ScI 2,618 5,308 –

33 % 67 % –

MSc 1,528 3,085 6,093

14 % 29 % 57 %

PhD 943 3,140 5,687

10 % 32 % 58 %
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The PSs were the basis for calculating the weights used in the models to estimate the

effects of FAPESP scholarships. Weights were given for the control group as (1 - p(x))/

p(x) and as a constant 1 for the awarded group. This led us to the estimations of average

treatment effects on treated subjects (ATT), which is suitable for this kind of quasi-

experiment, where the strong ignorability assumption is not guaranteed (Rosenbaum and

Rubin 1983). An explanation about estimating PS probabilities and the models to assess the

effects of FAPESP scholarships appears below in the ‘‘Statistical analysis’’ section.

With the dataset compiled, the next step was to define the three quasi-experiments. This

was done without any previous knowledge of bibliometric indicators—the main outcome

of this study. For each kind of scholarship (ScI, MSc, and PhD), we chose a set of control

and treated individuals, with the inclusion criteria being conclusion of the respective

scholarship and complete information about the variables used in the PS estimation.

Those variables appear in Table 2. It is important to note that there was a common base

for the quasi-experiments involving all three types of scholarships and specific variables

for each type of scholarship; this was done so as to make adjustments according to the

academic stage immediately prior to the scholarship being awarded, thereby attempting to

cover the whole academic trajectory. We performed unreported analyses using, for

example, socioeconomic indicators in ScI, MSc, and PhD; however, these did not

improved the estimates, and so they were not included in the final model. Sample size is a

big concern in any statistical modeling, and in the present study we decided to use a

smaller set of variables to create a parsimonious model of PS.

In this study, it was particularly challenging to set up a quasi-experiment because many

former PhD awardees had unsuccessfully applied for an MSc scholarship, and we had to

take that into account when estimating PSs. Similar patterns occurred with all three types

of scholarships.

It is important to consider data shortcomings through the possibility of a higher response

rate among individuals who chose some sort of academic or research career after finishing

undergraduate and graduate studies. This choice would suggest their interest in partici-

pating in a study supported by an important funding agency and also increase the chance of

their e-mail address being updated to that agency’s database. However, we believe that this

is the more interesting group to investigate because publication output is more important to

individuals who decided to pursue a master’s or PhD education. These people will also

have a greater chance of gaining employment in the academic and research sectors.

Measuring scientific production

The comparative analysis of former awardees’ scientific production was facilitated by the

partial completion of all questionnaires with the full list of each individual’s publications

mined from the Lattes platform. Respondents were required to check and update their list

of publications and also to link each publication to the respective stage in their academic

careers, thereby restricting the analysis to research funded by one of the scholarships

concerned. We also linked the journal in which each publication appeared to its impact

factor (IF) according to Journal Citation Reports by Thomson Reuters.

The first block of analysis referred to the impact on scientific production directly related

to specific academic stages (ScI, MSc, and PhD), both for all applicants and for each

subject area, based on the publications self-declared as pertaining to these stages. This

analysis was based on the average number of articles related to each academic stage for the

groups as well as the average IF of those publications. Although the use of IFs as an

indicator is highly controversial because of bias and technical issues regarding IF
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calculation (Leydesdorff 2012; Van Raan 2005), the benefits include the relative ease of

obtaining IFs for journals compared with citation data and the production of simple and

robust results when used (Abramo et al. 2010; Brody 2013; Garfield 1999; Mutz and

Daniel 2012). Among other methods, some of the evaluation studies discussed in the

‘‘Previous studies’’ section used IFs to measure the impact of research funding on scientific

production, (Melin and Danell 2006; Neufeld and von Ins 2011).

Using IFs was the most feasible methodological option in the present study, given the

volume of publication data obtained from the questionnaire respondents. We addressed

some of the criticisms about using IFs by also analyzing the data relating to subject area.

This type of segmentation can lead to more accurate findings since it takes into account the

intrinsic dynamics of subject areas and the differences among them. In the case of ScI

scholarships, the volume of data was insufficient for segmentation by subject area: ScI

scholarships are awarded to undergraduates who are involved in research for the first time

and have little experience. This insufficiency also occurred with some subject areas in the

analysis of publications related to master’s scholarships.

The second block of analysis focused entirely on PhD students, considering their

behavior based on an 11-year analysis structured as follows: 5 years before the year of PhD

graduation; the year of PhD graduation; and 5 years after graduation. The objective here

was to obtain a longer-term perspective of all applicants. The basis for this analysis was the

average number of publications by each PhD student irrespective of academic stage. Here,

too, the analysis considered the average IF; however, in this case, the impact was adjusted

for the year of PhD graduation (year 0) to control for the effect of this time lag in

association with the number of articles published.

Statistical analysis

The approach used in this study to estimate PS probabilities was based on Ridgeway

(2006), who presented an application of PS estimation using the general boosting method;

Table 2 Variables used for propensity scoring

Common ScI MSc PhD

Start of academic life Secondary school
region

Undergraduate course
region

Master’s course
region

Type of school

Type of secondary
education

Paid job during
secondary school

Participation in ScI
program

Participation in MSc
program

No. of people in household ScI scholarship MSc scholarship

No. of rooms in home

Status of home Paid job during
undergraduate program

Participation in ScI
program

ScI scholarship

Financial support in
undergraduate studies

Region of origin

Father’s schooling Paid job during
master’s program

Mother’s schooling

Knowledge area
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that method is frequently employed to analyze classification and machine learning prob-

lems (Ridgeway 2013). The method is a computationally intensive non-parametric mul-

tivariate regression technique. It uses a data-adaptive algorithm and can therefore be

generalized for a range of situations in which there is a large number of mixed variables

and the relations between those variables and the response variable may be non-linear

(Friedman 2001; Ridgeway 1999); it thus generates more reliable probability estimates.

The technique used to estimate the effects of FAPESP scholarships was a generalized

linear model (GLM; Nelder and Wedderburn 1972). The GLM used had the following

form:

YðtÞi ¼ gðb1Wj þ eijÞ;

where Y(t)i is the value of the indicator relating to the i-th student at time t after the start of

scholarship; b1 is the parameter of interest that will estimate the effect of the group Wj

(1 = awarded, 0 = rejected) to which the student belongs; and eij are random errors

assuming a probability distribution best suited to the type of data, which will therefore

indicate the most suitable link function g(.).

The indicators analyzed are all count indicators for the number of articles and interval

scales in the case of IF. Poisson modeling was chosen for counting indicators because it

uses distribution for errors (adequate for counting data) with a log link function. The IF

modeling used a gamma distribution (adequate for positive and very skewed variables) also

with a log link function.

The effect estimated for both models was the ratio of the average number of occurrences

(for number of articles) and the average IF in each group, with 1 representing no effect.

Using the log function, whose inverse is an exponential function (exp), the model can be

expressed as follows:

YðtÞi ¼ expðb1Wj þ eijÞ:

In the case of PhDs, the year of beginning the PhD was also adjusted to reduce a

possible temporal bias that could not be caught by the PS, as recommended by Ridgeway

(2006).

For the model employed in the long-term analysis, which used the same GLM approach,

the parameters of interest and required variables are as follows. Ti is the variable time (in

years) centering on the year of PhD graduation of student i, and so Ti = 0 is the year of

student i’s PhD graduation, Ti \ 0 represents the years before graduation and Ti [ 0 the

subsequent years. Defining Zi = 1, if Ti [ 0 and 0 otherwise, gives a dummy variable,

which can be used to test any difference between the variable Y trend before and after PhD

graduation. The model can therefore be written as follows:

Yijt ¼ exp b0 þ b1Tt þ b2Wj þ b3Zi þ d1 Tt � Wjð Þ þ d2 Zi �Wjð Þ þ d3 Zi � Ttð Þf
þ d4 Zi � Tt �Wjð Þ þ eijtg

where the symbol * indicates interaction among variables. The coefficients b1, b3, and d3

relate to the control group (W = 0) and can be interpreted, respectively, as the trend for the

average number of publications and average IF before PhD graduation, the change in the

average number of publications and average IF in the year of PhD graduation (shift) and

the trend after graduation. Thus for the treatment group (W = 1), the parameters d1, d2,

and d4 indicate the differences in the averages and trends compared with the control group.
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We used weighted Horvitz–Thompson estimators, with the weights being based on PS,

defined before as 1 - p(x)/p(x). To control for a possible overestimation of the variance–

covariance structure that weights might artificially introduce for the regular GLM maximum

likelihood estimators, we used the robust type known as sandwich estimators (White 1980).

Results and discussion

The main findings of this study are presented in the two blocks of analyses described

above. Table 3 shows the group sizes, with nominal values and percentages after

weighting, i.e. effective sample size. It is evident that the sample was much better balanced

after weighting. Table 4 shows the number of publications considered in the analyses.

Impact on scientific production directly related to specific academic stages

The ratio effects comparing the awarded and rejected applicants showed a positive impact

for FAPESP scholarships—both for the publication average and IF publication average—

Table 3 Description of quasi-
experiments for scholarship
programs

Freq. % % with PS
weighting

ScI Awarded 3,467 55.3 51.1

Rejected 2,806 44.7 48.9

Total 6,273 100.0

MSc Awarded 3,326 47.9 50.1

Rejected 3,617 52.1 49.9

Total 6,943 100.0

PhD Awarded 2,014 57.3 51.5

Rejected 1,500 42.7 48.5

Total 3,514 100.0

Table 4 Total numbers of publications used in the analyses

Total of
publications
related to the
academic
stage

Total of
publications
related to the
academic stage
with IF

Total of publications
from Tc - 5 to Tc ? 5,
where Tc is the year of
PhD conclusion

Total of publications with
IF from Tc - 5 to Tc ? 5,
where Tc is the year of
PhD conclusion

ScI Awarded 3,737 821 – –

Rejected 2,953 519 – –

Total 6,690 1,340 – –

MSc Awarded 4,750 1,939 – –

Rejected 5,031 1,88 – –

Total 9,781 3,819 – –

PhD Awarded 8,125 3,481 24,414 9,434

Rejected 12,272 1,674 14,621 5,022

Total 12,272 5,155 39,035 14,456
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when considering articles directly related to specific academic stages. Thus, the peer

review selection process used by that institution does indeed have an effect.

PhD applicants awarded an FAPESP scholarship published on average 37 % more

articles than the rejected applicants who received other kinds of scholarships during the

same period. The IF publication average of FAPESP-awarded applicants was 22 % higher

for ScI, 13 % higher for MSc, and 7 % higher for PhD than the control group (Table 5).

These results are consistent with the conclusions of STATCOM (2007) and Jacob and

Lefgren (2011) about the best performance of scholarship awardees compared with non-

awardees related to publication performance during a funding period; they are also in line

with the findings of Bornmann et al. (2010) in a broader study of research grants.

There was one important variation in the pattern of effects among the different subject

areas. As noted above, this segmentation can lead to more accurate findings since it takes

into account the intrinsic dynamics of these areas and the differences among them. The

analysis of the effect of FAPESP scholarships on scientific production related to the

master’s academic stage was notably positive in some subject areas, such as engineering

and agricultural sciences—25 and 24 %, respectively, more publications (Fig. 1). For other

areas, although visually positive or even negative effects are evident in Fig. 1, they are not

statistically significant. This means that in terms of publications, the results between the

awarded and rejected applicants were quite similar.

Table 5 Effects of FAPESP
scholarships on scientific pro-
duction related to ScI, MSc, and
PhD students

Ratio effects p CI 95 %

ScI Publ. Average 0.99 0.880 0.85 1.15

IF Publ. Average 1.22 \0.001 1.09 1.36

MSc Publ. Average 1.04 0.310 0.97 1.11

IF Publ. Average 1.13 \0.001 1.07 1.20

PhD Publ. Average 1.37 \0.001 1.24 1.51

IF Publ. Average 1.07 0.022 1.01 1.14
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Fig. 1 Effects of FAPESP master’s scholarships on publication average among different subject areas
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Figure 2 shows the case of articles related to the master’s academic stage, taking into

account the average IF of the publications. The positive impacts of FAPESP are clear in

agricultural sciences, biology, and sciences: 24, 16, and 11 %, respectively, more publi-

cations. Considering both analyses (number of publications and IF), agricultural sciences

was the area in which the differences between the groups were higher in favor of FAPESP

recipients.

For publications related to PhD results, the publication average was higher for FAPESP-

awarded applicants in almost all subject areas. The exception was social sciences, where

the behavior between the groups was rather similar (Fig. 3). There was also different

behavior when considering the effects of FAPESP scholarships on publications’ average IF

in this area: the average IF was almost 70 % lower than in the control group (Fig. 4). Other

data gathered and analyzed in the more comprehensive evaluation exercise on which the

present study is based indicate that doctorate holders in social sciences from the FAPESP
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Fig. 2 Effects of FAPESP master’s scholarships on IF publication average among different subject areas
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Fig. 3 Effects of FAPESP PhD scholarships on publication average among different subject areas
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cohort showed different behavior in terms of the professional trajectory after PhD grad-

uation: they displayed less inclination to achieve postdoctoral positions; their employment

rate was higher than other fields of study, with lower involvement in the academic and

research sectors. According to Schulz and Manganote (2012), the field of social sciences

accounts for fewer than 2 % of the total number of publications in continental European

countries and also in other non-english-speaking countries, such as Brazil. This finding

underlines the singular pattern of researchers in this field with respect to publication output.

Although this matter demands further exploration, particularly through the differences

between the treatment and control groups, an integrated analysis of this result show that

PhD students in the social sciences have less of a ‘‘taste for science’’—to use the

expression of Roach and Sauermann (2010)—than those in other fields.

Biology and the health sciences presented positive effects in terms of average IF: both

were 13 % higher for FAPESP-awarded applicants than rejected applicants. Considering

both average number of publications and average publication IF, the humanities, biology,

and health sciences seem to be the areas in which FAPESP-awarded applicants presented

the best performances in terms of scientific production compared with the control group.

Again, complementary data from the evaluation exercise on which the present study is

based indicate that the vast majority of PhD students from the FAPESP cohort in biology

and health sciences assumed postdoctoral positions after graduation. This thus contradicts

the hypothesis used to explain the behavior in social sciences, whereby PhD graduates in

those two fields have a stronger taste for science than those in other areas.

It is import to note that the confidence intervals represented in Figs. 1–4 are quite large

for the multidisciplinary area. This is a relatively new area in Brazil considering the

traditional classification of disciplinary areas. Thus, the criteria and peer review procedures

for allocating research grants or scholarships in this subject area are not completely con-

solidated, which results in heterogeneous publication dynamics in this group, both for

master’s and PhD students.

The data collected and analyzed in the present study do not allow any general con-

clusion about the extent to which the differences found are due to particular features of the
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diverse subject areas. However, they do allow some hypotheses to be raised to explain such

behavior. The conclusions addressed here are oriented toward the efficiency of the FA-

PESP peer review system in all subject areas.

Another important aspect that demands further examination is the extent to which the

differences among the groups are due to the higher involvement of those with FAPESP

scholarships in other research projects beyond their own PhD research during their doctoral

education or a higher rate of coauthorship with their advisors. The influence here could be

either because the advisors of students awarded with FAPESP scholarships are more

productive or because they chose more productive (or potentially more productive) stu-

dents with whom to work. The influence of coauthorship between PhD students and their

advisors on publication output has been well investigated by Pinheiro et al. (2012) and

some complementary works, such as Kamler (2008). However, we recognize that our data

do not address this particular, important issue.

Long-term impacts of PhDs

The analysis for publications of PhD students over an 11-year period (5 years before the

year of graduation, the year of graduation, and 5 years after graduation) is presented in

Fig. 5. First, this shows that doctorate students did publish during their doctoral study

period; this is in accordance with the findings of a literature review (Moral and Pombo

2011; Salazar 2010; STATCOM 2007) and with the growing requirements for the

development of publications among such students (Burgoine et al. 2011; Kamler 2008).

Figure 5 also indicates that FAPESP-awarded applicants displayed increased publishing

rates after PhD graduation, which is consistent with their behavior before graduation. In the

5 years after PhD graduation, the publication average increased to five papers per year per

researcher—more than twice the rate in the 1st year of their PhD studies.

Fig. 5 Long-term performance of PhD student publications (publication average)
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The rejected applicants presented very similar behavior in terms of publication rate

before PhD graduation, and they also showed increased rates after graduation. However, as

evident in Fig. 5, there was a significant discontinuity in their curve in the year of grad-

uation, though subsequently their trend tended to approximate that of FAPESP-awarded

applicants (at 5 years).

The overall trend with both groups in increasing their publication output after PhD

graduation was to be expected since the vast majority of early-career doctorate holders

engage in postdoctoral research or assume faculty positions within the academic sector

(Auriol et al. 2012; Lee et al. 2010; Neumann and Tan 2011; Vitae 2010); there, they are

expected to continue publishing. The above-mentioned need for doctorate students to

publish involves establishing a publishing track record, which helps PhD graduates when

applying to different jobs and also positively influences their productivity in the early

phase of their careers (Pinheiro et al. 2012). However, there is no evidence of an increase

in publication output before and after PhD graduation in the specialized literature.

The slightly better performance in publication output between FAPESP awardees and

the control group after PhD graduation is consistent with the findings of Goldsmith et al.

(2002) regarding awardees and non-awardees of an NSF scholarship program. It is also in

keeping with the positive long-term impact of publication output of early-career

researchers supported with scholarships (Jacob and Lefgren 2011).

Though yet to be verified, a hypothesis for the behavior found in the present study is that

FAPESP-awarded applicants engage more quickly in research activities after PhD grad-

uation. They do so mainly by attaining postdoctoral positions, obtaining tenures in uni-

versities, or becoming researchers in other sectors, where they are able to receive

institutional support to develop their research and publish the results. That hypothesis and

also the effect of the engagement of PhD graduates in research projects beyond the area of

their PhD research and coauthorship with their advisor need to be further examined to

determine the associated long-term impacts.

Fig. 6 Long-term performance of PhD student publications (IF publication average)
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Considering the long-term analysis of average IF (Fig. 6), it is possible to state that the

performance of both groups showed a slightly ascendant trajectory. It is interesting that the

differences between the group receiving FAPESP scholarships and the other group tended

to diminish after the students concluded their theses and began publishing as PhD

graduates.

Among the many studies that have examined research funding evaluated by peer review

and the impact on the quality of scientific production, the results are heterogeneous. There

are some positive results in Bornmann et al. (2010), which corroborate our main findings;

however, other studies, such as that of Rigby (2013), found that peer review had little

effect on the quality of publications. Although not oriented to scholarship programs, this

heterogeneity is an important feature and needs to be considered in our analysis of the peer

review effect.

One interesting point is that Bornmann et al. (2010) found no difference in scientific

production between approved applicants and the most highly qualified rejected applicants.

Similar findings were reported by Böhmer and von Ins (2009) when comparing awardees

and best-rejected applicants in an early-career support program.

What our results and their correspondence with other findings in the literature suggest is

that there is still considerable room to advance the debate regarding scholarships, peer

review, and scientific production. The present study attempted to make a contribution in

this area.

Conclusions

The purpose of this study was to identify whether peer review as a basis for awarding

scholarships (as occurs with FAPESP) effectively has a more significant impact in terms of

publication compared with other awarding systems that do not use such reviews (as with

CAPES and CNPq). Our analysis was based on data extracted from circa 8,500 ques-

tionnaires, which covered over 55,000 publications and was organized in two blocks: the

impact on scientific production directly related to specific academic stages (ScI, MSc, and

PhD) and the long-term impact on PhD graduates’ scientific production.

We found that the FAPESP peer review system does indeed make a difference. FA-

PESP-awarded applicants published in more qualified journals: 22, 13, and 7 % higher

publication IFs for ScI, MSc, and PhD students, respectively. In terms of number of

publications, FAPESP-awarded students showed more publications only for PhDs (about

37 % more), with no significant differences being found between ScI and MSc students.

However, it is notable that there were some important differences among subject areas.

There were intrinsic dynamics related to publication patterns in this regard, and it is

essential to understand these with respect to the applicants’ behavior.

FAPESP-awarded applicants published before PhD graduation, and in the long-term

they continued to increase their publication rate and publish in quality journals. However,

the differences from the other group tended to diminish after PhD graduation.

The implications of our results for FAPESP are twofold. First, it is necessary to examine

more deeply the behavior patterns related to different subject areas to establish appropriate

mechanisms for modulating the peer review process. Understanding the dynamics of sci-

entific production in different areas is the first step toward achieving better research.

Second, it is important for FAPESP to examine potential reasons why the differences

between the two systems (peer review and institutional) decrease over time. These

implications are important both for FAPESP and the federal system (CAPES, CNPq).
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On one hand, the conclusions of the present study reinforce the conventional path taken

by research foundations the world over in selecting the most prominent proposals. On the

other, they indicate—albeit subject to further studies—that other selection mechanisms,

such as the institutional ones presented here, can be enhanced to obtain performance as

good as that achieved with the peer review system. The differences among subject areas

and the long-term trend in scientific production output of the two groups examined here

underscore the latter conclusion.

From a methodological point of view, the main contributions presented here relate to

controlling for the effect of the peer review process. Our evaluation was based on a

comparison of the impact on scientific production of the two groups for similar kinds of

scholarships, and we controlled for variables related to socioeconomic characterization and

academic trajectories. Though this kind of study is becoming increasingly common in the

domain of research funding—as evident in the growing availability of publication data—

there is a lack of such research relating to graduate scholarships. This field demands further

study since there is growing interest in the publication patterns of doctorate students and

doctorate holders, as the publication quality and frequency of researchers strongly affects

their performance in the academic labor market.

The main limitations of the study are as follows: (1) The use of IFs as a proxy of quality

for scientific production is highly controversial. However, given the large number of

publications that have analyzed the development of IFs, using them was the most feasible

procedure in this study. (2) There was no information about peer review reports. They

could have helped in understanding the patterns of awarding mechanisms in different

subject areas and also in creating more comparable groups, such as selecting just the best-

rejected applicants, as proposed by Bornmann et al. (2010) and Melin and Danell (2006).

(3) Information was lacking about coauthorship, the order of authors in publications, and

the participation of FAPESP awardees and non-awardees PhD graduates in other research

projects. That would have assisted in developing further hypotheses about publication

patterns. We hope to address these limitations in the future.

It is also necessary to address concerns related to the use of bibliometric indicators—

especially in light of their inability to measure every type of impact of research activities

(Jarvey et al. 2012; Van Raan 2005). Though these concerns do not invalidate the use of

bibliometric indicators, they demonstrate that care must be taken when making compari-

sons and drawing conclusions since the impact on scientific production should be seen in a

broader context.

Finally, despite the evidence presented here about the association between scholarships

awarded through peer review processes and scientific production (and also their policy

implications), further investigation on this subject is still needed. It should integrate the

growing efforts to evaluate science, technology and innovation programs, and policies in

multiple dimensions.
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