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Abstract. Identifying gender discrimination in the allocations of public
grants is a matter of key importance. The objective of this article is
to explore the presence of gender bias in the allocation of public funds
to support scientific activity by studying the Fund for Scientific and
Technological Research (FONCYT) in Argentina.

In order to identifying gender discrimination in the allocations of grants,
we test the presence of Matthew and Matilda effects. The former is related
to the positive feedbacks between previous access to public funds and
present possibilities of accessing. The latter, in turn, refers to lower level
of probabilities of accessing and remaining for women. Research questions
are about the existence and verification of Matthew and Matilda effects.
The database consist of all the researchers that applied to FONCYT
between 2003 and 2015, whether they were granted or not. Available
information includes participation into the program together with their
scientific production, academic achievements, and demographic informa-
tion -such as date of birth, gender, place of residence, academic affiliation,
years of experience, and other relevant data is considered. The period
under analysis coincides with a period of significant expansion of the
fund given by an increase in the level of financial resources. Additionally,
the information related to academic productivity was validated with
bibliometric information retrieved from SCOPUS database. Results pro-
vide evidence that confirms multiple forms of the Matilda effect, and
verifies the Matthew one in the scientific research subsidy program. This
seems to verify that female researchers suffer a strong disadvantage in
the allocation of public funds to finance their research projects.
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1 Introduction

The objective of this article is to explore the presence of gender bias in the
allocation of public funds to support scientific activity. We study the Fund for
Scientific and Technological Research (FONCYT) in Argentina, dedicated to
grant non-reimbursable subsidies to scientific and technological projects that
are considered of priority for national development*. Researchers from public or
private non-profit organizations can apply to the fund by submitting a detailed
project proposal once a year.

To identify gender discrimination in the allocations of grants we test the
presence of Matthew and Matilda effects. The former is related to the positive
feedbacks between previous access to public funds and present possibilities of
accessing. The latter, in turn, refers to less level of probabilities of accessing and
remaining for women®. Hence, research questions are about the existence and
verification of Matthew and Matilda effects.

The empirical exercise is based on a database that integrates two primary
sources of information: i) FONCYT’s administrative register with the population
of researchers that applied to the fund, whether they were granted or not, and
ii) the national online CV data system of Argentina (CVar). The result of the
integration of these two databases is an unbalanced dynamic panel database at
the level of researcher and year -5234 observations with an average 2 observation
per case-, that includes information of the researcher’ participation into the
program together with their scientific production, academic achievements, and
demographic information -such as date of birth, gender, place of residence,
academic affiliation, years of experience, and other relevant data. The period
under analysis is 2003-2015, which coincides with a period of significant expansion
of the fund given by an increase in the level of financial resources. Additionally,
the information related to academic productivity was validated with bibliometric
information retrieved from SCOPUS database®.

Results provide evidence that confirms multiple forms of the Matilda effect,
and verifies the Matthew one in the scientific research subsidy program. Firstly,
we found that female researchers have 2.6 percentage points lower probability of
being selected for the first time than males (Matilda effect). Considering that
the unconditional probability of receive a subsidy for the first time is 35%, this
negative female marginal effect represents 7%. Secondly, we found that women’s
probability of being a supported researcher is on average 8 percentage points
lower than men’s probability, regardless the number of times she or he was
selected (another type of Matilda effect). Regarding the persistence rate within

4Tt is important to notice that, in contrast to typical subsidy programs in developed
countries, FONCYT’s funds cannot be used to pay researcher’s salaries.

5Even though binary gender determination is a hegemonic social construction which
must be destructed, this discussion is beyond the objective of the present work (see
Hernando Gonzalo, 2007[8] for a deeper discussion).

5We are still working on the integration of information, then results presented in
this paper are preliminary and based on a sample from the population with information
available from the different sources.
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FONCYT, past accessing to the program increases the probability of accessing in
the present for the whole sample (Matthew effect). However, state dependence is
more intense among male than among women researchers (45.5 p.p. versus +2.5
p.p.) (a third type of Matilda effect). From an aggregated view, these results seem
to point that female researchers suffer a strong disadvantage in the allocation
of public funds to finance their research projects. Additionally, results would
show that although FONCYT seems a gender unbiased fund given the equal
participation of women and men in each call, a deeper look at the determinants
and evolution of applications reveals the presence of gender discrimination against
women, partially explained by the different sources of gender bias in the academic
career (D’Onofrio & Tignino, 2018[5]).

The rest of this paper is organized as follows. After this introduction, the
theoretical framework is presented in section 2. Data and methodology are
described in section 3, presentation and discussion of results, in section 4. Finally,
some conclusions are provided in section 5.

2 Theoretical framework

Studies framed on evaluation of funds for scientific and technological research are
mostly focused on their effects on beneficiaries’ quality and/or productivity (e.g.,
Benavente, Crespi, Figal Garone, & Maffioli, 2012[1]; Chudnovsky, Lépez, Rossi,
& Ubfal, 2008[3]; Godin, 2003][6]; Inglesi-Lotz & Pouris, 2011[9], among others).
Nevertheless, a less explored effect refers to recurrence in accessing to public
funds, known as Matthew effect in the literature. The origin of this concept is
Merton’s (1968)[14] work, and highlights three sources of recurrence: reputation,
capabilities and “halo effect”. Reputation source refers to the selection of the “best”
candidates due to their prominent prestige. Policy makers select them because a
priori assume these researchers will arise better results, then avoiding fail in the
process of fund allocation. Capability source refers to knowledge processes and
capabilities accumulation which beneficiary researchers go through when they
develop research projects. Hence, they are able to present prominent projects
in terms of design and quality. Lastly, “halo effect” is a less explored — and
potentially more perverse — source and refers to the appropriation of works of
highlighted researchers that scarcely participate in the project, and even did not
participate at all. This source is most likely to be verified in gender analyses.
In this line, and to honor the feminist defender Matilda Joslyn Gage, Rossiter
(1993)[17] defines the existence of the Matilda effect. This effect refers to the
systematically less recognition of women in the scientific community. Less relative
recognition is induced by a set of macro-social believes which relate female gender,
which include the assumption of some sort of lack of “special” capabilities to
occupy higher hierarchical positions, such as team and project direction (Linkové,
2017)[12]. As a result, women are less likely to ascend in the career, which in
academy is manifested by lower rates of women project directions. This is related
to another key concept within gender studies known as glass ceiling. It names
the socially accepted consensus about implicit limits to women profession success
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(Cislak, Formanowicz, & Saguy, 2018)[4]. Of course, women’s maternity and
their higher levels of relative dedication to (unpaid) house work, given the social
division of labor, also play a key role in women performance in science (Sotudeh
& Khoshian, 2014)[18].

Both Matthew and Matilda effects have been verified in previous studies, but
methodologies do not allow the generalization and extrapolation of results beyond
the studied cases. For instance, a higher level of male authors in neuroscience
is verified (Gonzélez-Alvarez & Cervera-Crespo, 2017)[7]. Similarly, abstracts
done by men or about male subjects in communication sciences are highly scored
(Knobloch-Westerwick, Glynn, & Huge, 2013)[10], and to be awarded due to
their academic work (Lincoln, Pincus, Koster, & Leboy, 2012)[11].

Considering the above, we postulate two research questions about the alloca-
tion of public funds for research projects, with a gender perspective:

— RQ1: Are women less likely to obtain research grants for the first time? This
question aims at testing whether women face more difficulties in “participat-
ing” in the funding system as compared to their male counterparts.

— RQ2: Are women less likely to recurrently be benefited with research grants?
This question aims at testing whether women face more difficulties in “repeat-
edly participate” in the funding system compared to their male counterparts
(i-e. less likely to be benefited again with new research grants).

3 Data and methodology

To address these research questions, we built a database integrating two primary
sources of information: i) FONCYT’s administrative register, with the population
of researchers that applied to the fund, whether they were granted or not, and ii)
the national online CV data system of Argentina (CVar), with information about
the scientific career of researchers. The result of the integration of these two
registers is an unbalanced dynamic panel database at the level of researcher and
year, that includes information of the researcher’ participation in the program
together with their scientific production, academic achievements, and demographic
information -such as date of birth, gender, place of residence, academic affiliation,
years of experience, and other relevant data. Additionally, the information related
to academic productivity was validated with an external source of information
of bibliometric information such as SCOPUS database. The final database is
compound by 5042 observations, with an average of 2 observation per research,
for the period 2003-2015 (see a detailed explanation and treatment of each
variable in Table 1.

To answer the first research question -the presence of gender bias in the
probability of being granted with research public funds for the first time-, the
basic setup is a discrete-choice model like that used by McDowell, Singell, Ziliak,
& Ziliak (2001)[13] to model gender bias in promotion within the economics
profession. Under this model, we assume an aggregate measure of productivity
(P;j¢) for researcher ¢ working on the j-fields during year ¢, that depends linearly on
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Table 1: Summary of the main variables

Variables

‘ Description

‘ Values

Researcher Characteristics

Academic Achievement;

Classification of researcher within
the National Fund for Teacher’s In-
centive.

1(high) to 5 (low)

Binary variable that indicates if the

1 if researcher that request

Female; researcher that request for a public | for a public subsidy is a
support is a female. woman, and 0 otherwise
Ageit, Researcher’s age. 1to oo
Solicitation Variables
FONCYT Presenteds, Amount of research project pre- 0 to co

sented

FONCYT Typeit

Set of binary variables that indicates
the category of FONCYT

0: Young Researcher / 1:
Newly Research Group /
2: Consolidated Research
Group

Longitudinal-averaged research’s structural characteristics

Academic Achievement;

Average of researcher’ classification

0 to oo

Ageit

Average of researcher’s age

0 to oo

Time, Institutional and Regional Fixed Effects

Regionit

Set of binary variables that indicates
geographical location of researchers.

1: north-west / 2: north-east
/ 3: centre / 4: south

Institution;;

Set of binary variables that indicates
the institution of researchers

1: University / 2: National
Scientific and Technical Re-
search Council (CONICET)
/ 3: Research Center linked
to CONICET

Set of binary variables that indicates

Year time-fixed effects. 2003-2015
Adjudication Variables
FONCYT t-1,, Lag of 1'nnov.at10n subsidy in t. An-| 1 if resea.rch receipt a Pubhc
nual estimation. support in t; 0 otherwise
. . N 1 if research receipt a public
FONCYT t=Ly Innovation subsidy at the initial pe- support in initial period; 0

riod. Annual estimation.

otherwise
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a vector of attributes (Xjj¢): P;jt = X;;t + €5+ where €;;; measures unobserved
individual productivity. Each area (j) evaluation committee has a threshold
productivity level in mind, and potentially it could apply different threshold for
different researchers and moments in time (P;;;), which represents the minimum
necessary productivity to achieve promotion. This threshold is a function of the
field and individuals (Z;;¢) and measurement errors in assessing productivity
(vit): Pjt = Z,;j1y+ vy An individual is selected into the scientific research subsidy
program if the productivity level exceeds the required threshold: X;;;8 + €;;: >
Zijy + vit. According to that, gender differences can be modeled by including a
gender dummy variable in Zj. If €;;; and v;; are normally distributed we can use
a PROBIT model to estimate the probability of being a supported researcher
by the very first time: P(y;j; = 1|Z;j) = Z; j 18 + a; + u;j; where unobserved
researchers heterogeneity is characterized by a fixed specific component («;) and
a white noise error component (u;;;). This last error term is uncorrelated to both
the fixed-in-time component and the set of explanatory variables included in
Z”t

To allow for correlation between o; and Z;;; we follow the proposition of
Mundlak (1978)[15] and Chamberlain (1984)[2]:c; = £'Z] + u; where u; is
assumed independent from Z;;; and wu;; for all the researchers and time periods.
We define Z] as the longitudinal average of researcher structural characteristics.
The assumption is that differences in longitudinal averaged characteristics are
informative about the underlying researcher-specific characteristics, so that the
individual differences that are left (u;) may be more plausibly supposed to be
independent of observed characteristics. Formally, we propose the estimation of
the following equation:

P(yije = 1Ziji) = Zi j 18 + i + € Z] + u; + iy (1)

This model can be used to estimate the determinants of entry into the
scientific research subsidy program. An indication of gender bias is that, after
controlling for all other relevant covariates, women have lower probabilities of
being a supported researcher.

To answer the second research question -the presence of gender bias in
the probability of recurrently accessing the fund - we use a model of annual
probabilities of entering to and exiting from the program (also known as transition
probability models). Formally, we suggest an extension of equation (1) that
consists of the inclusion of the lagged specification of the dependent variable
(Yit—1): PWije = UXit,¥ie—1) = Nije—1 + BZije + a0 + &' Z] +ui + uig

This model can be used to estimate the determinants of entry into the scientific
research subsidy program (Pereira & Sudrez, 2017)[16]. The presence of the lagged
outcome variable allows testing the hypothesis of true state dependence. The
larger the value of A, the greater the degree of state dependence in benefit receipt
probabilities. To test gender bias in the probability of being recurrent into the
scientific research program we include an interaction term between the gender
dummy and the lagged outcome variable. Finally, if being beneficiary in the
initial year y; 1 is correlated with the time-invariant individual-specific effect
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u;, a correlation is induced between the error term and the lagged dependent
variable, leading to a bias in the parameter estimates. To avoid this problem, we
employed the conditional maximum likelihood estimator proposed by Wooldridge
(2005)[19] that consist of modelling the distribution of the binary receipt from
t=2,3,---,T; and conditioning on a set of explanatory variables and the binary
receipt indicator for the initial year. Formally, the dynamic equation becomes:

P(yir = 1UXi 0, Yit—1) = MNii—1 + BXip + o + aryin +§'Z) +u; +uiy (2)
=23, T,

4 Results

As we mentioned before, Mathilda effects refers to the gender discrimination
against female researchers in the allocation of public funds to support scientific
activity. There are two manifestations of Mathilda effect that can be analyzed
jointly or separately: entry into the FONCY T and remaining within the FONCYT.

Firstly, we studied the presence of gender bias in the probability of being
supported for the first time. Table2 is based on equation (1) and reports estimates
using three different PROBIT models to check the robustness of results: i) a pooled
model, ii) a panel random effects model, and finally iii) a Mundlak-Chamberlain
approach for random effects model. All the regressions include the same set of
covariates: demographic indicators, academic achievements, academic productivity
and year, regional and institutional fixed effect. Explanatory variables are defined
so that the reference categories characterize the situation of a male researcher
that request a public subsidy for his scientific project. Looking at table 3 as a
whole, compared to men researchers, the average female access to scientific public
support is negative and statistically significant. This verifies the robustness of the
empirical strategy. In terms of the marginal effect, the estimates for the female
dummy lies in the range between -0.048 and -0.026 showing the overestimation of
the first and second model. According to the results presented in the third column,
on average -and controlling for researcher’s heterogeneity- female researchers
have 2.6 percentage points lower probabilities of being supported for the first
time than male researchers.

To properly interpret these marginal effects, we should consider the uncondi-
tional probability of being accepted for the first time into FONCYT (see Table 3)
. This probability is 35 percent. Hence, the female marginal effects estimated
represents -14%, -11 and -7% according to the model considered. Therefore, results
estimated in table 2 and table 3 confirm gender discrimination in the probability
of receive a subsidy to finance research projects for the first time, but its magni-
tude is not relevant compared to the unconditional probability. Thus, the answer
to our first research question is that there is gender discrimination in accessing
the system of public funds for scientific research, although it is reduced in terms
of the actual probability of accessing.

Secondly, we analyzed both the probability of entry and the probability of
persistence within FONCYT. That is, we studied gender bias in the allocation of
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g‘;;led PRO- Panel PROBIT
(Chamberlain-
RE Mundlak) RE
Female -0.040%* -0.040** -0.026%*
(0.010) (0.012) (0.011)
Observations 5,234 5,234 5,234
No. Researchers 3042 3042
Year FE YES YES YES
Regional FE YES YES YES
Institutional FE YES YES YES
Time-averaged characteristics NO NO YES

Note: i) The binary dependent variable takes value 1 if the researcher requested
and received a subsidy for her/his scientific project; ii) All the regressions include
the same set of covariates: demographic indicators, academic achievements
year, regional and institutional fixed effect; iii) Standard errors in parentheses;
iv) ***statistically significant at 1%, ** at 5%, *s at 10%.
Table 2: Gender bias in FONCY'T participation: probability of being supported

for the first time.

Pooled PRO-
BIT Panel PROBIT
(Chamberlain-
RE Mundlak) RE
Female (A) -0.048** -0.040** -0.026*
(0.010) (0.012) (0.011)
Unconditional probability (B) 35,50% 35,50% 35,50%
(A) / (B) -14% -11% -7%
Observations 5,234 5,234 5,234
No. Researchers 3042 3042

Note: i) The binary dependent variable takes value 1 if the researcher request
and receive a subsidy for her /his scientific project; ii) All the regressions include
the same set of covariates: demographic indicators, academic achievements,
year, regional and institutional dummies; iii) Standard errors in parentheses; iv)
**kstatistically significant at 1%, ** at 5%, * at 10%. Source: own elaboration.
Table 3: Gender bias in FONCYT participation: unconditional probability and

female marginal effect.
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subsidies to scientific activity in a broader sense. Table 4 is based on equation 2
and explanatory variables are defined so that the reference categories characterize
the situation of a male researcher. The set of covariates is the same we used in
equation 1 but we incorporated a binary receipt indicator for the initial year 1.
First row of table 4 shows the probability gap between female and male researchers.
According to it, women have 8.7 percentage points lower probabilities of being
supported than men. It is worth nothing that the difference with the estimated
results reported in table 2 is that in this case we included all the adjudications
and not just the first one. The second row of the table shows the estimate of A |
the degree of state dependence. Considering the whole sample, state dependence
in public support to scientific activities is positive and statistically significant.
Therefore, the Matthew effect is verified. Then, results show that the degree of
state dependence within female researchers is lower than the one that shows their
male counterparts. That is, past accessing to FONCYT increase the probability
of accessing in the present in +3.4 p.p. within women but climbs up to +6.2 p.p.
within man. Looking table 4 as a whole, the lower probability of both accessing
and remaining for female researchers within FONCYT show the presence of
gender discrimination. This way, the answer to our second research question is
that evidence seems to confirm the presence of Mathilda Effect in both accessing
and remaining into the funding program to scientific activity. In other words,
women have lower probabilities than men of being beneficiary of public funds
for research, and once they were granted, they even have lower probabilities
than men of accessing again, even when women and men have similar scientific
trajectories and demographic characteristics.

Receive a FONCYT at t Dynamic RE PROBIT
All Sample Males Females
Female -0.087**
(0.017)
Received FONCYT at t-1 0.052%* 0.062* 0.034*
(0.019) (0.027) (0.017)
Observations 4,404 2,109 2,295
No. Researchers 2269 1089 1180
Year FE YES YES YES
Regional FE YES YES YES
Institutional FE YES YES YES
Time-averaged characteristics YES YES YES

Note: i) The binary dependent variable takes value 1 if the researcher request
and receive a subsidy for her /his scientific project; ii) All the regressions include
the same set of covariates: demographic indicators, academic achievements,
year, regional and institutional dummies; iii) Standard errors in parentheses; iv)
***statistically significant at 1%, ** at 5%, * at 10%. Source: own elaboration.

Table 4: Gender bias in FONCYT participation: unconditional probability and

female marginal effect.
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5 Conclusion

The purpose of this paper was to analyze gender discrimination in the process of
allocation of public funds for scientific activity, in order to test the presence of
Matthew and Mathilda effects. The former is related to the positive feedbacks
between previous and present accesses to public funds. The latter refers to the
lower level of probabilities of accessing and remaining for women. We constructed
a novel database that stem from the integration of the national CV data system
of Argentina and the administrative register of the Fund for the Scientific and
Technological Research (FONCYT). We design a methodological strategy that
consisted on the estimation of a panel random effect PROBIT model where
the none-correlation assumption was relaxed, and the estimation of a dynamic
random effect PROBIT model where unobservable characteristics and initial
conditions were controlled.

Estimated results confirm the presence of Matilda effects in the scientific
research subsidy program. Firstly, we analyzed the probability of entry for the
first time to FONCYT. We found that female researchers showed 2.6 percentage
points lower probabilities of being supported than male researchers. Secondly, we
studied both the probability of accessing and remaining within FONCYT. We
found that women’s probability of being selected was around 9 percentage points
lower than men’s one. Finally, despite that past accessing to the program increases
the probability of accessing in the present, the degree of state dependence is
considerably lower among female than male researchers (+5.5 p.p. versus +2.5
p.p.). From an aggregated point of view, results seem to point that female
researchers suffer strong disadvantages in the allocation of public funds to finance
their research projects.
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