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Abstract  
The purpose of  this  review  is  to provide  the GRANteD project with  robust  analytical  approaches  and 
methodological insights that take into account the state of the art, but it also acknowledges and aims to 
overcome  the  main  shortcomings  and  point  out  the  gaps  of  the  existing  literature;  it  is  also  our 
contention that knowledge could be used to improve and refine, and also to strengthen, gender equality 
policies and the management of diversity  in teams and research  institutions.   The substantive  focus of 
the  literature  review  refers  to  the  central  event of  the  “allocation of grants by means of peer  review 
evaluation, observed as a process and an outcome”. We also  consider  “the  impact of grants  in  career 
advancement in the context of hiring and promotion decisions”. However we can learn significantly from 
other areas  in which gender research have made significant contributions,  like occupation segregation, 
discrimination, stereotypes, etc. 
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1 INTRODUCTION, SUMMARY AND APPROACH 

1. The issue of women in science and inequality in various dimensions gained salience at the 
end of the sixties in the U.S.. Several factors contributed to it: firstly, the expansion of the 
number of granted PhDs to women in previous years; secondly the limited number of 
women in the highest reputation positions in science, and thirdly the personal accounts of 
women being treated unfairly in the science system. Even if there were some previous 
empirical work from sociologists focused on the issue (Reskin 1976) or literature reviews 
(Zuckerman and Cole 1975) the book “Fair Science. Women in the scientific community” 
(J. R. Cole 1979) probably represented the first monograph addressing the issue from a 
general perspective.  

2. The approach, as much of the sociology of science at the time, aimed to identify the 
existence of some systematic departure from the predominant universalism that 
characterises the science system as codified by Merton  (Merton 1973) and the analytical 
perspective was the “social stratification of science” (J. R. Cole and Cole 1973) to 
understand if the mechanisms identified (e.g. processes of accumulation advantages and 
disadvantages) applied to the situation of women. Because answering the question of 
whether the differences could be the result of social or/and self-selection was not easy, 
Cole (J. R. Cole 1979) criticised claims of discrimination lacking measures of productivity, 
and the grounds of some affirmative action initiatives but, at the same time, he accepted 
the existence of some discrimination. Despite the service provided to attracting attention 
and research to the topic, he was criticised on the basis of methodological ambiguity or 
contradictions (White 1982) and for not being able to clearly state the null hypothesis.  

3. Forty years later research in this domain is facing similar realities and the same challenges 
and methodological tensions identified in the past. Today there are some indisputable 
facts: women are a small portion of the faculty members of research universities especially 
in the STEM fields. Women have lower representation at the top of academic profession 
and in leadership positions in academic institutions their share is low to the relative 
number of women that qualify (European Commission 2019). Gender segregation in 
science has been documented (Caprile et al. 2012). And, in most countries and Research 
Funding Organisations (RFO) women are getting fewer research grants, or less than 
expected, they received lower scores and amounts of funding. All that, despite the fact that 
(in countries with more mature science systems) they get better grades in school and in 
general are more likely to graduate from universities. 

4. The purpose of this review is to provide the GRANteD project with robust analytical 
approaches and methodological insights that take into account the state of the art, but it 
also acknowledges and aims to overcome the main shortcomings of the existing literature; 
it is also our contention that knowledge could be used to improve and refine, and also to 
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strengthen gender equality policies and the management of diversity in teams and research 
institutions.  

5. The substantive focus of the literature review refers to the central issue of the “allocation 
of grants by means of peer review evaluation, observed as a process and an outcome. We 
also consider the impact of grants in career advancement in the context of hiring and 
promotion decisions. However we can learn significantly from other areas in which gender 
research has made significant contributions, like occupation segregation, discrimination, 
stereotypes, etc. 

6. In this report we want to go beyond general discourses; we would also like to go further 
than average/mean values of inequalities and enter in the composition of fields, areas, 
disciplines or positions and go beyond most common assumptions (sometimes not well 
grounded) about gender and its relationship with research competitive funding and careers. 

7. The issue of whether gender bias or discrimination1 occurs in grant allocation is 
rather complex; firstly because sometimes bias is implicit, but mainly because it raises 
relevant methodological and measuring challenges. Indeed, the production of convincing 
evidence of discrimination or bias has been elusive, even using sophisticated regression 
methods dealing with endogeneity problems, mainly due to the difficulties of observational 
data to deal with causality. 

8. This is why it is fair to say that previous research about bias has produced contradictory 
evidence; most of the diversity of findings could be related with the difficulty to control, in 
the research design, of “the similar characteristics and similar circumstances” of 
individuals and groups, and the features of processes and practices of allocating grants by 
RFO; unobserved heterogeneity in the research designs can be highly confusing and lead 
to problems of endogenity and internal validity. 

9. Reporting evidence and labelling it is controversial. For example, in the U.S. a 
pathbreaking report of the National Academy of Sciences (2007) stated that it was not lack 
of talent, but unintentional biases and outmoded institutional structures that were 
hindering the access and advancement of women (National Academy of Sciences, National 
Academy of Engineering, and Institute of Medicine 2007). However that evidence 
presented on women discrimination associated to social processes was challenged by some 
others, for example in some of the papers collected by Sommers (Hoff Summers 2009), 
they suggest that the origin of disparities could be not in bias in science, but that gender 
disparities were related to “characteristics of the gender preferences grounded in biological 
differences”, an approach that has attracted much criticism itself. It is neither rare to  find 
in the media, public opinion surveys, policy documents (Gender Action 2019)  statements 

                                                                      
1  We provisionally define discrimination as a situation in which members of a minority group (women) are treated 
differentially (less favourably) than members of a majority group with otherwise identical characteristics in similar 
circumstances.  
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mentioning that bias, discrimination and nepotism are the key forces driving  patterns of 
inequality in science related to gender. 

10. However, quite often, in support of this type of statements, there are mostly normative 
principles regarding equality/equity; the empirical evidence on de facto gender equality or 
inequality in a certain domain is another issue which requires empirically robust facts 
constructed and based either on multivariate analysis (which control for relevant 
intervening variables such us the capacity, merit or performance) or on experimental 
designs controlling for competing explanations. When we simply look at the distributions 
and success rates in getting grants we find, most of the times, differences by gender, but 
little can be said about which phenomena and its interpretation or what are the causal 
mechanisms behind, understood as those which bring about change in some variable. 

11. But problems relate not only to the measure of disparitites and its quality, but also to the 
use of terminology, because sometimes the same wording is used to refer to different 
concepts, terms and facts. In this context the review needs to introduce some clarification 
about concepts and categories too. 

1.1 Specific objectives  

12. To address the research challenges of GRANteD we need:  

a) To determine whether there are disparities/inequalities or bias/discrimination or 
both. As already mentioned, to discriminate is to treat two subjects with equal 
attributes and in equal circumstances in a different manner breaking the principle of 
merit. Differentiation is a precondition of discrimination. Additionally, it could also be 
the case that inequalities generated as a result of an action constitute a form of 
discrimination, but disparities could also be the result of differences in preferences.  

b) To revise the robustness of the findings of prior research, since most of it argues in 
favor of the existence of bias (sometimes confounding the identification of the 
differences with the existence of discrimination), and to determine if the evidence 
provided is incomplete (e.g observational and without control of other intervening 
variables and with problems of endogeneity) or non conclusive (mixed results).  

c) To contextualise the research findings in time and space; what could be robust 
evidence in one country or funding agency may not apply to a different country and 
context. The same applies to the time reference of the findings, what seemed 
indisputable facts 20 years ago could have changed radically more recently. 

d) Even in cases of confirmed bias or discrimination, determining the underlying factors 
or causal processes is not automatic; we need robust theories and adequate research 
designs (preferably experimental).  

e) To analyse gender equality strategies and their corresponding policies at RFO. This 
implies entering the arena of solutions and of the evaluation of very diverse policies 
and interventions to reduce differences in outcomes and improving the fairness of the 
processes. Policies, intervention and organisational practices have been analysed less. 
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Some of the main areas of intervention are related to: a) affirmative action or positive 
discrimination; b) requiring gender parity/gender balance or increase representation of 
women in committees; c) changes in evaluation criteria, metrics and scales; d) 
anonymisation of candidates’ gender and/or evaluation of projects only; e) establishing 
quotas; f) raising awareness; etc. It is important to acknowledge that policies have 
effects and change reality so they should be a feature in the understanding of processes. 

1.2 Clarifications of definitions and concepts 

13. One of the problems we have found in the literature is certain confusion in the terminology 
and the construction of concepts. This is why we should try to establish a much more clear 
understanding of the various definitions. We can distinguish three levels of analysis: 

1. Disparities, Differences/Differentiation, Inequalities, Diversity, Gaps, etc. 
(Individual/Social level). 

2. Segmentation, Stratification, Segregation, etc. (Structural/Organisational level). 

3. Bias, Prejudice, Partiality, Discrimination, Unfairness, etc. (Individual/Organisational 
level). 

14. In all levels of analysis we should not confuse the outcomes with the processes (S. Cole 
and Fiorentine 1991). 

1.2.1  Disparities, differences/differentiation, inequalities, diversity, gaps.  

15. Disparities refer to the existence of distinct characteristics (of a group of individuals) in 
some of their attributes, treatments, or results according to classes or types, which do not 
imply value judgements about “fairness”, “efficiency” o “social welfare”. In our case, we 
use the term disparities mainly to highlight the fact that men outnumber women in 
grant allocations. 

16. Differentiation refers to the social processes that mark certain personal characteristics as 
important. It is a precondition of segregation. Although social differentiation does not 
inevitably lead to unequal treatment of members of different categories, 
differentiation is a necessary precursor for social stratification -systematic inequality in the 
distribution of socially valued resources- on the basis of some of the people's personal 
characteristics. Of the characteristics upon which societies and organisations differentiate 
and stratify their members, one of the most basic have been sex2. 

1.2.2  Segmentation, Segregation, Stratification. 

17. Segmentation refers to the existence of systemic patterns (social structures) that condition 
results of processes and reproduce those structures (e.g. cumulative advantage or 
disadvantage). These structures (opportunity structures) contribute to the reproduction of 

                                                                      
2 In this report we use the term sex and gender indistinctively. 



 
 

9 
  
 

inequalities, either due to structural effects, or by other means such the reproduction of 
power positions of the majority group (men or women) in the social structure.  

18. Segregation (separation) is a fundamental process in social inequality. The characteristics 
on which groups are sorted could symbolise dominant or subordinate status and become 
the basis for differential treatment. Indeed, segregation facilitates unequal treatment by 
subjecting groups to different reward systems (opening the door to discrimination). 

19. There is one type of segregation that is very important to the project. Occupational 
segregation (by professions, disciplines, jobs, institutions, organisations, etc.) is a form of 
segmentation in which there is a specialisation of some groups in some professions or 
fields, and that is based on attributes other than merit, competence, capacity or 
performance.  

1.2.3  Bias, prejudice, partiality, discrimination, unfairness 

20. Discrimimation refers to the different treatment of individuals and groups with identical 
or similar characteristics of circumstances. Discrimination occurs when we find that 
“members of a minority group (women, immigrants, blacks, etc.) are treated differentially 
(less favourably) than members of a majority group with otherwise identical characteristics 
in similar circumstances” (Bertrand and Duflo 2016). 

21. Bias refers essentially to cognitive or evaluative processes where the judgement of the 
evaluator is wrong (and this might be due to reasons related to preferences, prejudices or 
incomplete information). Bias is “any feature of an evaluator’s cognitive or attitudinal 
mind-set that could interfere with an objective evaluation” (Shatz 2004). Bias can be 
conscious or unconscious. 

22. In the context of quantitative research on bias in peer review, reviewer’s bias is 
understood as the violation of impartiality in the evaluation of a submission or 
application. Lee et al. (C. J. Lee et al. 2013) define impartiality in peer evaluations as the 
ability for any reviewer to interpret and apply evaluative criteria in the same way in the 
assessment of a submission. Ideally, impartiality ensures that evaluations are independent 
of the author’s and reviewer’s social identities and independent of the reviewer’s 
theoretical biases and tolerance for risk. There are many reasons to challenge this ideal 
notion of impartiality in peer review [(Lamont 2009), (C. J. Lee et al. 2013)]. 

1.3 Measuring disparities, segregation, bias and discrimination 

23. To properly measure discrimination we need to avoid the confusion between outcome 
and process (S. Cole and Fiorentine 1991). More precisely, these authors warn about the 
error of using inequality itself, an outcome, as evidence of a process: discrimination 
or lack of equal opportunity. The premise should be that discrimination is only one 
possible cause of any observed inequality between two or more different groups.  
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24. Cole (J. R. Cole 1979)  called “naive residualism” to the practice of attributing any 
difference in rewards received by men and women scientists to discrimination. Most 
scholars today are aware that simple zero-order correlations between sex and some 
outcome can not be called discrimination, and the control variable approach may be 
considered an example of a more “sophisticated resisualism”. The logic behind is that if 
we have taken into account all of the other variables that may influence a particular 
reward, then any reward difference would have to be the result of the unmeasured variable. 
The most obvious problem with this approach is the impossibility to control for all or even 
the most important variables that can cause inequality, most importantly, self-selectivity, 
which leaves us with the question of whether the control variable approach is completely 
valid.  

25. For Cole and Fiorentine (S. Cole and Fiorentine 1991) the answer depended on the 
nature of the dependent variable. Some dependent variables are clearly more influenced 
by selectivity than others. If the particular reward under study is not or little influenced by 
self-selection, it can be studied by “sophisticated residualism”, if adequate controls of 
performance are included among the controls. But it is important to note that rulling out 
self-selection is easier in cases where individuals do not have to apply, which is not the 
case of research grants.  

26. This was more or less the state of the sociological reasoning about the topic of 
discrimination some thirty years ago, but in the last years we observe that many research 
works have forgotten these foundations as we will examine in section 2.1.1. As we will 
see, the literature and the methods have evolved substantially, but the critique to studies 
that use data on differences to conclude about the processes of creating inequality is still 
valid.  

27. The same caveat applies when we observe that members of certain groups are less 
represented or less successful in specific job types (e.g women in academia) or reward 
processes (e.g grants) and we implicitly conclude that this must be the result of valid 
differences in individual merit and achievements. Van der Lee and Ellemers (R. van der 
Lee and Ellemers 2018)  refer to this as “individual merit ideology” according to which if 
women are less successful than men something must be lacking in the competences, efforts 
or priorities of these women.  

28. As regards the measurement of segregation Gross (Gross 1968) was the first to introduce 
the concept of “sex segregation” to describe women’s and men’s concentration in different 
occupations. Since then, researchers have shown that more often than not, men and 
women are concentrated in different organisations or hold different jobs within the 
same organisations; this is also the case in some research domains where we can find a 
gender-based specialisation. The question is: what factors are associated with the presence 
and decline of sex segregation in the workplace? 
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29. In Economics there is a large body of research on occupational segregation that focuses 
on two main approaches to the problem: supply and demand. From these perspectives 
segregation stems in part a) from the difference in preferences, skills, experience and 
past performance that the sexes bring to the labour market; but b) it also results from 
organisations or employers' preferences and practices.  Because the previous research 
has generally ignore it, we should acknowledge it and try to take the issues of segregation, 
discrimination and bias out of the exclusive level of individuals (researchers, evaluators) 
and to incorporate the organisational level into the analysis. 

30. We need to recall that the three most commonly investigated indicators to empirically 
account for gender inequality in organisations have been:  

a) the gender gap in wages [(Goldin 1990) , (Blau and Kahn 2000) , (Blau and Kahn 
2017) ] 

b) the gender gap in management and leadership positions [(A. H. Eagly and Karau 
1991), (A. Eagly and Carli 2007), (Kalev, Kelly, and Dobbin 2006) ], and the closely 
related  

c) Sex segregation of occupations [(Bielby and Baron 1986) , (Reskin et al. 1990) , 
(Roos and Reskin 1992) , (Martell, Emrich, and Robison-Cox 2012) ]. 

31. Research on gender disparities in grant allocations is less common but it is relevant 
both for theory and for policy for several reasons; firsly, it speaks directly to the 
unexplained gender gap in career advancement by illuminating potential effects of 
gender on productivity, reputation and compensation; secondly, research on gender in 
grant allocations also offers potential explanations for the distribution of other types of 
organisational resources and career opportunities (e.g., budgets, training, 
developmental work experiences), which contributes to the gender gap in management and 
leadership positions. Finally, research on this topic offers valuable insights for researchers 
interested in the mechanisms of gender inequality in organisations (see Reskin’s (2003) 
call for research on the mechanisms of ascriptive inequality).  

32. As regards the measures, when analyising the allocation of grants  (Bornmann, Mutz, and 
Daniel 2008) not only the potential but also the scientific performance (track record) of the 
applicants should be measured in the analyses. In this way a distinction can be made 
between the influence of the applicants’ achievements up to the date of application and the 
potential sources of bias in the selection decisions.  

1.4 The importance of mechanisms: Causality and explanatory theories  

33. The three analytical levels in which the concepts presented are located involve different 
degrees of presence of normative values of equity, justice and efficiency. In all three 
levels, the main problems for the analysis are the identification of the causal mechanisms 
that produce the phenomena of interest and the integration of different explanatory 
theories. Establishing that inequalities are related to or are the result of segregated 
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structures, discrimination practices or biased evaluations requires addressing the 
underlying mechanisms and moving into the sphere of available theories. 

34. In general, we can provisionally say that existing disparities could be the result of 
discrimination if they do not originate from individual choices. In the same way, outcome 
differences could be related to bias if the assessment or evaluation is wrong, e.g. it is not 
reliable, fair, or lacks predictive validity.  In other words, inequality or disparities are 
outcomes.  When those outcomes do not result from self-selection we could suspect the 
existence of “unfair” mechanisms or processes: segmentation (structural), discrimination 
(behavioral/practices), or bias (cognitive evaluation). Therefore, the analysis needs first to 
confirm the existence of the phenomenon and then explain it; for that we need theory 
and a proper research design because if the explanation is incorrect the policies and 
interventions will be poorly founded, and even have unintended effects detrimental to the 
policy goal. 

35. Gender is one among a possible set of variables that could contribute to the explanation of 
the outcomes in terms of allocations. In modelling the effect of gender, the variable should 
be compared with other potential ascritive factors. 

36. Clarifying the sources of gender disparities (or any other of the relevant events such as 
segregation or discrimination) remains a high priority since the effectiveness of 
organisational policies seeking to reduce inequality depends on an accurate understanding 
of the organisational mechanisms that produce inequality [(Bielby 2000), (Reskin 2000a), 
(Reskin 2000b)]. This is why, in this review, we seek to advance our knowledge of how 
social and organisational processes affect the allocation of research grants and 
contribute to gender inequalities later in the career. 

37. There is some empirical information about the differences in grant application and 
success rates between male and female researchers; additionally, it is possible to find 
scholarly work and official reports where some data on variables that seem relevant and 
associated to gender differences has been gathered; however, the number of explanatory 
theories or causal analysis addressing the existence of discrimination or bias is much more 
limited; in this sense, as already mentioned, much of the previous work is either data-
driven or normatively-guided.  

38. Instead, we think it can be useful to recall from economics and sociology some insights 
about the most abstract approaches to gender disparities, segmentation and discrimination. 
In Economics (Bertrand and Duflo 2016) two main approaches could contribute to link the 
existence of disparities with discrimination. The first is “taste-based discrimination” 
theory (Becker 1957) based on the discriminatory preferences of employers, fellow 
colleagues or custumers, meaning that employers have preferences over the “expected 
productivity” or performance of different groups. The second one is the “statistical 
discrimination” [(Phelps 1972), (Arrow 1973)] that refers to behaviour under uncertainty 
and limited information; in this case employers or evaluators use of information that 
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characterises the group of reference, for example, on the average performance of reference 
groups (e.g. women), that could be correct or biased; in this case, when the individual 
information available is incomplete, group specific membership could provide the 
employer (or evaluator) with information (but not necessarily correct) on the expected 
productivity of the individual. While taste-based discrimination is inefficient and unfair, 
statistical discrimination could be considered as socially efficient, but unfair. 

39. Implicitly, employers, colleagues or evaluators often use “group membership” (in our case 
of interest is gender) in their decisions, but at the same time individuals may have different 
group memberships (or identities) and some of them could compete among themselves 
(e.g. university of PhD award, advisor, gender, etc.) and they could have contradictory 
effects. 

40. Despite the value of taking preferences into account, sociologists like Barbara Reskin 
(Reskin 2000a) warn us about the difficulties of explaining gender disparitities (and other 
kind of ascriptive inequalities) based on allocators’ motives. In her opinion, this approach 
had been mostly inconclusive because motive-based theories can not be empirically 
tested. Without entering into debate on whether or not this claim is correct and whether 
motives or preferences can be observed and measured, her proposal to analyse mechanisms 
instead of motives is worth noting. Focusing on mechanisms implies a shift from asking 
“why” questions to asking “how” or “under what conditions” questions.  

41. Mechanisms can be interpersonal, social and organisational. Interpersonal mechanisms 
can affect the amount of gender inequality in a given organisational context converting 
allocators’ preferences or motives into differential behaviour towards men and women. 
Social mechanisms include normative expectations, social stereotypes, laws and 
regulations; finally, organisational mechanisms are several and include recruitment 
practices (Reskin and McBrier 2000), formalisation of procedures, level of managerial 
discretion, visibility or blindness of ascriptive characteristics (e.g. gender) to allocators, 
transparency of evaluation, accountability of allocators, and publicity of outcomes, among 
others.  

42. In principle, bias can take place at any of the three mentioned levels of mechanisms. 
According to Lee et al. (C. J. Lee et al. 2013) quantitative research can be categorised by 
differences in their conception of the primary source of bias: (a) error in assessing a 
submission’s “true quality,” (b) social characteristics of the author, (c) social 
characteristics of the reviewer, and/or (d) content of the submission. Social bias is the 
differential evaluation of an author’s submission as a result of her/his perceived 
membership in a particular social category. Social bias challenges the thesis of impartiality 
by suggesting that reviewers do not evaluate submissions—their content and relationship 
to the literature—independently of the author’s (perceived) identity. A problem with a 
substantial part of the literature in this area is that it assumes that the quality of work by 
individuals across different social groups (e.g., prestigious vs. not, men vs. women) is, in 
the aggregate, roughly comparable. This might be the case, but it should not be an 
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assumption, but rather an empirical issue. When the assumption is made, the usual claim is 
that success rates of less powerful social groups should be proportionate to their 
representation in submission rates. Researchers infer the existence of bias when a 
difference is found and infer the lack of bias when no difference is found. In our view, this 
approach is incorrect (S. Cole and Fiorentine 1991) .  

43. Fewer studies are able to demonstrate that their submission pools are similar to or 
representative of the larger population of researchers; the ones which do so, usually control 
for factors that may be correlated with quality. This is a very important issue that deserves 
attention in our project [(Bornmann 2011),(C. J. Lee et al. 2013)]. However, after 
controlling for quality, the persistence of unexplained gender gaps suggests, but it 
does not automatically prove the existence of discrimination; similarly, from general 
trends towards closing gaps we should not infer a decrease in discrimination. 

44. In sum, to explain variation in levels of gender disparities across settings, and over time, 
we should analyse data at the individual level but also at the organisational level, and this 
data should include allocation mechanisms. 

1.5 Methods and research designs (and consequences for the 
robustness of “explanations”) 

1.5.1  Observational versus Experimental approaches 

45. From the methodological point of view there are two main approaches in the literature: a) 
observational and b) experimental. Bearing this distinction in mind, we should address the 
need to critically question the assumptions and simplifications that sometimes affect 
gender equality issues. 

46. Observational approaches usually address the extent of disparities and the existence of 
discrimination using different forms of multivariate or regression analysis, sometimes even 
with not small data sets. The exercise is to compare otherwise identical men and women 
and estimate the average outcome differences. Regressions are run with a particular 
outcome, such as the allocation of grants or promotions, as the dependent variables and a 
set of independent variables that most of the time includes only the personal characteristics 
of the applicants, although sometimes, contextual characteristics are also accounted for. 

47. Estimating discrimination or bias in this way is problematic. Firstly, it is quite often 
impossible to account for all the factors affecting the outcome. In the case of allocation of 
grants for example, we want to compare two equally productive individuals, but 
productivity may have mutifaceted dimensions, not observable or difficult to measure; 
additionally the criteria defined for the assessment could include include merit and worth 
dimensions. Secondly, if some of the inequity in allocations (or promotions) is itself a 
result of previous inequalities in, for example, education or reputational status, and those 
inequalities are themselves a result of discrimination or segmentation, residual estimates of 
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discrimination after differential education or reputation is accounted for probably 
underestimate the extent of discrimination. 

48. While descriptive accounts of the grant applications and allocations by gender show 
differences, the main issue is how to develop a research strategy that could contribute to 
the confirmation (or not) of the existence of discrimination processes and biased outcomes. 
According to Marsh et al. (Marsh, Jayasinghe, and Bond 2008) most peer review research 
is correlational and provides weak bases for causal inferences particularly regarding bias. 
As highlithed by Bornmann and Daniel (Bornmann and Daniel 2005) the lack of 
experimentally derived findindgs makes it impossible to determine without doubt whether 
work from a particular group of researchers receives better reviews (and thus has a higher 
approval rate) due to biases in the review and decision-making process, or if favourable 
review and greater success in the selection procedure is just a consequence of the scientific 
merit of the corresponding group of applicants. 

49. The main advantage of the various types of “experimental approaches” (Gerber and 
Green 2011)  in comparison with the descriptive or observational ones (even with a lot of 
controls in the context of the econometric evidence), is that they allow for higher levels of 
internal validity, or demonstration of causality. It is important not to equate experimental 
design only with laboratory studies, which are often criticised as being not applicable to 
real world organisations, since decision making contexts in a laboratory setting are 
abstracted form the institutional environment of allocation decisions (Bielby 2000).  

50. Experiments also have limitations. To have external validity, experimental methods have 
to meet certain sampling and generalisability requirements. The important differences in 
the design of laboratory experiments and the selection of participants raised the issue of to 
what extent differences in findings and lack of generalisability are not the result of the 
variation in the substantive methodological approaches.  We believe that research in the 
area of gender bias is likely to benefit from field experiments (D. C. Mutz 2011) which 
provide greater external variation in the organisational environment. 

51. This is why one of the key dimensions of the literature review is the distinction between 
the methodological approach (observational versus experimental) of previous work. 
Although experimental studies are better suited to confirm the existence of discrimination 
or gender bias, determining their causes is not automatic, it is a further step. These issues 
will be addressed in more detail in section 2.3. 

1.5.2 Static and dynamic approaches 

52. There is also a second dimension of the analysis that refers to the issue of change over 
time, because most of the evidence presented in the literature is constructed in static 
settings. A rich literature has documented the existence of differences between men and 
women in science [(Ceci et al. 2014), (Kahn and Ginther 2018)] and has addressed the 
problem of the factors that could contribute to explain them. Additionally, some research 
has documented the existence of discrimination in a wide range of contexts; however, 
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these empirical studies have mostly focused on static settings where individuals are 
evaluated based on the quality of their output in the context of a single interaction, with no 
information on prior evaluations in similar contexts. Moreover, from such static settings it 
is difficult to identify the underlying source of discrimination, as different sources may 
generate the same patterns of observable behaviour. 

53. Therefore, it is important to consider timing and the need to introduce the idea of sequence 
or process (Abbott 2016) in order to account for the changes and adjustments resulting 
from transformation of context (and learning) including the effects of policies and 
interventions, and the effects of interactions among groups or the learning mechanisms of 
actors.  

54. In particular settings, evaluators are faced with a lack of information about the 
candidates or with no records of reputation (or complete information of past performance). 
These circumstances lead to difficulties to evaluate the expected performance of an 
individual correctly; therefore, one needs to take into account the effects of successive 
interaction processes between evaluators and candidates, the learning processes, as well as 
the operation of identitary elements of a collective nature (gender, field, institutional 
affiliation).   

55. The dynamic dimension is especially important in settings where the subjects of evaluation 
have diverse histories and records of previous evaluations. Those lacking such history 
could be more likely to be evaluated on the basis of uninformed stereotypes (Bohren, Imas, 
and Rosenberg 2019).  If there was learning over time and as a product of interactions, 
“reverse discrimination” could take place. The occurrence of reverse discrimination can 
yield information about the sources of discrimination, because, theoretically, learning is 
possible in cases of belief-based discrimination or bias, but more difficult in cases where 
discrimination is based on preferences.  
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2 GRANT ALLOCATION GENDER DISPARITIES AS 
OUTCOMES AND PROCESSES: THE LOGIC 
MODEL  

56. This is the core section of this synthesis report and it is organised from the point of view of 
the process (its phases) and the factors that influence (or could influence) the outcomes of 
our main event of interest: the allocation of grants by the Research Funding Organisations 
(RFO). The main focus of the report relates to the allocation of grants (in a context of 
evaluation or peer review); the allocation is just one stage of the process. The focus of 
several analyses is on the relationship between the proportion of applicants and the 
success rates, or on the relationship between funding and ex-ante productivity to 
determine the fairness, but there are factors and antecedent conditions that should be 
taken into account to understand the outcomes, factors that shape and influence the 
outcome and its gender distribution. 

57. Understanding the outcomes of the allocation of grants requires considering two 
differentiated steps: the first one is the application and second is the evaluation/allocation. 
As we have seen in section 1, there is self selection. The probability of geting the grant is 
conditional on the probability of applying for funding, and the decision to apply is 
determined by antecedent factors that we also need to consider in the model. 

58. In a second phase the project needs to analyse the impact of grants in career advancement; 
an analysis that requires considering not only granted and not granted researchers but also 
to determine what are the factors that influence (among of them grants) career 
advancement. A further complexity is introduced by the fact that, methodologically, to 
really talk about career impact, it would be important to compare subgroups of 
successful applicants not only with rejected ones but also with subgroups of non-
applicants (potential ones in terms of eligibility) (Neufeld and Hornbostel 2012). A 
longitudinal approach is required to really fulfil this task and its complexity raises issues of 
feasibility. 

59. At the same time we need to go deeper into the differences (by area, disciplines, 
categories, etc.), and to go beyond the use of mean values that tend to hide the change in 
the ways segmentation operates. We should advance into a fine grain approach with 
domain or field disaggregation. 

60. In this section we will analyse some antecedents of the differences between men and 
women that are usually presented as related with the emergence of the further disparities 
and bias related to funding and employment. Accounting for the structure of prior 
differences is essential for understanding subsequent processes of inequality in research 
funding and career advancement. In the most simple understanding past differences in (t-1) 
could be at the origin of inequalities in (t0). We devote the first part of the section to the 
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literature about the previous structure of inequalities that could influence and shape further 
processes related to application and allocation of grants. In the rest we revise some 
literature in the specific topic of grants’ applications and evaluation, and we present some 
evidence more related to the evaluation of researchers and academics in the context of 
career advancement, always with a focus on gender. We end with a section on policies and 
interventions. 
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2.1 The effect of previous differences in the structure of opportunities 
and behaviour 

61. Our starting point is that differences in grant application and success could be shapped and 
conditioned by previous inequalities. The literature on this topic is large. Differences in the 
prevalence of men and women by fields of science, particularly the underrepresentation of 
women in math-intensive fields of science and engineering have been extensively 
documented (Ceci et al. 2014). It is also a well known fact that there has been a secular 
decline in the overrepresentation of men both in participation and in the upper tail of 
achievement distributions in some countries. However, despite growing equality in high 
school and secondary education, wide gaps in STEM participation remain in higher 
education, especially among degree recipients in engineering, the physical sciences, math 
and computer science [(Xie, Fang, and Shauman 2015), (Ministerio Ciencia e Innovacion 
2011)]. 

2.1.1 From school to research careers: the pipeline model (a critical view) and the 
glass celling 

62. Using longitudinal data from 1960-1990, Xie and Shauman (Xie and Shauman 2003) 
developed a life course approach departing from the common “science pipeline” approach 
which they consider inadequate. They argue that “it would be naive to presume that S&E 
occupations are closed to women simply through discriminatory practice and structural 
barriers” (p.2). “The inadequate supply of interested and qualified women has been as 
much, if not more, of a hindrance to the feminisation of science as the influence of the 
demand factors”. They stress the conceptual and methodological limitations of much of the 
previous literature that restrict the significance and usefulness of its findings. 

63. According to these authors the “pipeline” model” is conceived as a developmental process 
where explanation is related to the rate of attrition and the policy action is focused on 
blocking the leakage; the problem, in their view, is that the model restricts the questions 
that are addressed by researchers. A summary of the criticisms posed to the model includes 
the following: firstly, it does not capture the complexity of the educational and career 
outcomes; secondly, the model is developmental, trajectory is assumed to follow progress, 
otherwise it is considered a failure; thirdly, the pipeline is independent of the timing and 
character of other life course events. Forthly, on the methodological side, the model is 
often substantiated on single data sources, non representative samples, with problems of 
“left censoring” and “selectivity bias”.  

64. In sum, dynamics can not be analysed by crosssectional data. The alternative of life course 
analysis brings up the ideas of sequence and interdependence of events. The very idea of 
inequality in the labour force is the manifestation of a process of stratification that occurs 
through-out the life course leading to well known processes of cumulative advantage. 
(Merton 1973). Cohort analysis and longitudinal studies are needed. 
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2.1.1.1 Gender differences in STEM  

65. Historically, a large proportion of women who were interested in science and engineering 
careers were lost at every educational transition, and this is still the case in many systems. 
Yazilitas et al. (Yazilitas et al. 2013)  categorise the state of the art on this topic (main 
factors) in three categories: micro level focus (self-efficacy beliefs, subjective value 
expectancy, role models) macro-level focus (socioeconomic conditions, socialisation) and 
institutional focus (education system features). Early literature often attributed gender gaps 
in tertiary STEM education to gender differences in pre-college math and science 
achievement and participation. However, more recent studies show that better 
achievement in math and science of male students are attributable to differences in the 
attitudes towards those disciplines rather than to capacity.  As the gaps are closing 
capacity-based explanations have lost power. Contrary to essentialist views, social-
psychological perspectives and socio-cultural perspectives provide more nuanced 
explanations of the interest gap and highlight the importance of stereotypes, as well as 
parents, teachers and significant others’ expectations. In particular, expectation-states 
theory (Ridgeway 2014) argues that cultural stereotypes structure inequality by 
generating implicit bias in evaluation and association preferences that segregate 
networks. While the biasing impact of gender beliefs may be small in any one instance, 
the consequences acumulate over individuals’ lives and result in substantially different 
outcomes for men and women (Ridgeway and Correll 2004). 

66. In the same vein some economists (Kahn and Ginther 2018) concentrate on the 
environmental factors that influence ability, preferences and rewards for choosing a 
career in STEM, and favour psychological and preferences explanations, including the 
effect of stereotypes, role models, competition, risk aversion and interests. Because of the 
observed increase in the access to science by younger cohorts of women, it could be 
argued that it is simply a matter of time to achieve gender equity. However, testing the 
hypothesis that vertical gender segregation in scientific and academic careers is transient 
requires longitudinal studies of men and women who have entered academia and/or 
research organisations during a given point of time (Palomba 2004); if gender inequality 
persists, when seniority and other factors are held constant, then the “it is a matter of time” 
explanation cannot be considered valid. 

67. Therefore it is important to acknowledge that women are not equally present across fields 
of science and to the extent that RFOs operate on the basis of field-specific programmes 
and calls, this has effects on gender disparities in grant allocations. But the problem is not 
simply the pipeline; in several fields the pipeline has reached gender parity and even in 
some areas women are the majority, as reflected in the proportion of female doctorates; yet 
at the top of research institutions percentages drop dramatically and do not mirror the 
closing gaps in PhDs granting. 
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2.1.1.2 Occupational segmentation: Lower presence in high level positions and top rank 
institutions 

68. Turning to a later phase in the career, there is also evidence of occupational segmentation 
and underrepresentation of women in most high-level positions in organisations [(Gino, 
Wilmuth, and Brooks 2015a), (Gupta et al. 2004)]. Men also outnumber women in 
positions of formal power, authority and high income [(Xie and Shauman 2003), 
(Timmers, Willemsen, and Tijdens 2010)]. Likewise, the underrepresentation of women at 
the top of the academy, the so-called the “glass celling” (Rosser 2004), is a persistent 
issue, but most of the measurements concerning the scarcity of women at the top of the 
academic and scientific hierarchy are cross-sectional and not longitudinal. 

69. As explained, segregation is the difference in two groups’ percentage distributions across 
some set of categories, for instance, organisations, occupations, ranks, fields, etc. 
Sociologists have stressed sex segregation because it is a central mechanism linking sex 
to unequal individual career rewards (productivity, promotion and pay).  And the 
economic literature has also highlighted that gender differences in location in the labour 
market continue to be important for explaining pay gaps (more than human capital factors) 
and that some developments in the labour market for highly skilled workers in recent 
decades, such as wage penalties for temporal flexibility, have favoured men (Blau and 
Kahn 2017).   

2.1.1.3 Some empirical facts  

70. It is not new to acknowledge that women are likely to find obstacles along their research 
careers, and these barriers have differential impact by field and career stage. At the 
international level, a report (National Research Council 2010) for the U.S. analysed the 
transitions from assistant to associate professors and from associate to full professors in 
science and engineering departments; the survey revealed some interesting facts: in all 
fields, women were underrepresented among tenure candidates with respect to the 
number of women in the department, and especially in those subfields with a higher 
number of female professors: the probability that a woman got tenure increased when the 
proportion of tenured female faculty in the department was low; field or size of department 
did not have an effect; taken together all departments and fields 90% of men and 88% of 
women who applied for a full professorship got it eventually, with no statistically 
significant differences. In Europe, Ooms et al. (Ooms, Werker, and Hopp 2019) in a small 
scale study at two European universities of technology found an advantage of male 
academics in obtaining full professorships that stemed from advantages in earlier 
transitions, but they also reported that men had a much higher publication record and 
innovation output. The less favourable conditions of women in the academic labour market 
have also been reported in national case studies (Waaijer et al. 2016). 

71. It may be the case that women who stay in academic research get tenure eventually, but 
many data sources indicate that women are more likely than men to exit science before 
getting tenure. As regards causes, Goulden et al. (Goulden, Mason, and Frasch 2011) 
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found that, in the U.S., family formation accounted for the largest drop outs from graduate 
school to the acquisition of tenure for women in the sciences; similar results have been 
reported by Cech and Blair-Loy  (Cech and Blair-Loy 2019) who, using a nationally 
representative 8-year longitudinal sample of U.S. STEM professionals, found substantial 
attrition of new mothers: 43% of women left full-time STEM employment after their first 
child, while the figure was 23% for men. Many studies in the U.S. find the majority of the 
gender retention gap is due to women leaving the labour force entirely, and that this exit is 
highly correlated with child bearing (Kahn and Ginther 2015). 

72. The distribution of women across academic organisations with more or less reputation 
and resources is segregated. Women tend to work at universities with lower reputation 
and focus more on teaching (elsevier 2017).  Sheltzer and Smith (Sheltzer and Smith 2014) 
observed that one cause of the leaky pipeline in biomedical research in the U.S. may be the 
exclusion of women, or their self-selected absence, from certain prominent or elite 
laboratories; elite male faculty members tended to employ fewer female graduates and 
postdoctoral researchers than female faculty members did.  

73. Although the literature is dominated by case studies of the U.S., there is some research in 
European universities with results along the same lines (Caprile et al. 2012); for instance, 
Conti and Visentin (Annamaria Conti and Visentin 2015) analysing PhDs in Science and 
Engineering from two major universities in Sweden and Switzerland,  found that women 
are less likely than men to be employed in highly ranked universities, even after 
controlling for their research outputs, but they also reported that gender differences in 
Ph.D.s’ appointment to professorship were explained by the Ph.D.s’ publication output and 
the quality of their postdoctoral training.  

74. A caveat about comparative arguments is pertinent here; women’s career trajectories 
cannot be compared across countries without taking the structural national features of the 
labour market into account. As pointed out by Le Feuvre (Le Feuvre 2018), in most 
national contexts, the academic profession is becoming increasingly fragmented and 
internally segmented. Although there is clearly a gender dimension to this re-segregation, 
it is not homogenous across countries. 

2.1.1.4 The mechanisms  

75. In this review we take the approach of a logic model for addressing gender disparities in 
grant funding that includes the prior or current gender composition of organisations and 
fields. The determinants of the gender composition of organisations include: the 
composition of the labour supply (in this case the scientists), the preferences of employers  
(including the qualifications they require), the response of majority groups within 
organisations, the organisation’s attractiveness, organisational size, slack resources 
(Tolbert and Oberfield 1991) and recruitment methods (Reskin and McBrier 2000). In turn, 
gender composition affects organisations themselves, including their performance, hiring 
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and promotion practices and gaps, earning gaps, stereotyping and evaluation [(Reskin, 
McBrier, and Kmec 1999), (Reskin and Bielby 2005)]. 

Collective behaviour and queuing 

76. Regarding the mechanisms of segregation in occupations, Reskin et al. (Reskin et al. 
1990) proposed and developed a queuing theory of occupations’ sex composition, arguing 
that the labour market comprises a “gender queue” with employers preferring male to 
female workers in most jobs; workers also rank jobs into a job queue. As a result, the 
highest ranked workers monopolise the most desirable jobs. The authors use this 
perspective to explain why several male occupations opened their doors to female 
participation in the seventies and present case studies of feminisation of specific 
occupations. 

77. Some authors (Martell, Emrich, and Robison-Cox 2012)  have tried to link gender 
segregation in organisations (a macro-level phenomenon) to gender bias in 
performance assessment (a micro-level phenomenon) and have proposed that: a) 
gender segregation in organisations arises from the collective behaviour of individuals who 
express a small bias in favour of men, in concert with the signals governing promotion 
decisions; b) the emergence of a gender-segregated organisation is often unintentional and 
bottom-up and top-down processes that produce segregation are difficult to observe; and c) 
agent-based modelling is well-suited for addressing the dynamics of bias that produce 
gender segregated organisations. 

Organisational structures  

78. Smith-Doer  (Smith-Doerr 2004) argued that networks and hierarchies, as organisational 
forms, provide different employment experiences for female scientists; analysing the 
careers of over 2000 U.S. life scientists in the biotechnology industry, the study concluded 
that firms governed by networks allow for greater gender equity. The importance of the 
institutional context was also reported by Corley and Gaughan (Corley and Gaughan 
2005) comparing U.S. university research centres with departments: although, as expected, 
women were younger, less likely to be tenured, and at a lower rank than their male 
colleagues, they appear to have greater research equality in research centers (compared to 
the departmental setting). In particular, men and women in research centers spent the same 
amount of time writing grant proposals, conducting both grant-supported and unfunded 
research, and administering grants. 

Self assessment and perception 

79. From a more social psychology point of view [(Correll 2001), (Correll 2004)] highlights 
the role of biased self-assessment and gender status beliefs as mechanisms behind 
segmentation. Cultural beliefs about gender are argued to bias individuals’ perceptions of 
their competence at various career-relevant tasks, controlling for actual ability. To the 
extent that individuals then act on gender-differentiated perceptions when making career 
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decisions, cultural beliefs about gender channel men and women in substantially different 
career directions. She evaluates these hypotheses considering how gendered beliefs about 
mathematics impact individuals’ assessments of their own mathematical competence, 
which in turn lead to gender differences in decisions to persist on a path towards a career 
in science, mathematics or engeeniering. 

Stereotyping 

80. Meyer et al. (Meyer, Cimpian, and Leslie 2015) proposed the idea of the FAB (field 
specific ability belief) whereby women are likely to be underrepresented in fields thought 
to require raw intellectual talent or brilliance-a sort of talent that women are stereotyped 
to posses less than men. Leslie and colleagues [(Leslie et al. 2015) (Cimpian and Leslie 
2015)] tested this hypothesis in a U.S. nationwide survey of academics over three 
competing ones: The first concerned possible gender differences in willingness to work 
long hours: the more demanding a discipline in terms of work hours, the fewer the women. 
The second competing hypothesis was related to possible gender differences at the high 
end of the aptitude distribution which might cause greater gender gaps in highly selective 
fields: the more selective a discipline, the fewer the women. The third competing 
hypothesis was that the more a discipline prioritises systemising and abstraction over 
empathising, the fewer the women. According to their findings, the FAB hypothesis, 
unlike these three competitors, was able to predict women’s representation across all of 
academia. Although inspiring, one has to acknowledge, however, that their study was 
survey-based, and cross-sectional, and thus limited as regards causal explanations.  

2.1.2 Performance and productivity 

81. The structure of prior differences or inequalities also includes performance, as a form of 
ability or competence measurement. Prior performance is essential when analysising 
gender disparities in grant allocations, especially considering that the idea of merit 
represents the universalistic normative principle that legitimates the allocation of 
resources. 

2.1.2.1 Gender differences in productivity 

82. The literature on publications and productivity and impact differences by gender is 
substantial although most of the evidence refers to the U.S.; classical sociology of science 
and blibliometric research have extensively addressed the issue. The traditional empirical 
claim has been that men on average publish more papers and receive more citations than 
female scientists [(J. Cole and Zuckerman 1984), (Long 1992), (Xie and Shauman 1998), 
(Nakhaie 2002), (Taylor, Fender, and Burke 2006), (Abramo, D’Angelo, and Caprasecca 
2009), (Symonds et al. 2006), (van den Besselaar and Sandström 2016) among others]. A 
trend towards closing the gap has also been reported in the literature (Xie and Shauman 
1998) as well as the finding that productivity of both men and women increases with 
scientific rank (Mauleón, Bordons, and Oppenheim 2008). More recent research reports 
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that, in highly selective research institutions, the direct relationship between gender and 
publications is relatively small for PhD students compared to faculty (Pezzoni et al. 2016).   

83. In a recent meta-analysis of the findings of over a hundred papers Astegiano et al.  
(Astegiano, Sebastián-González, and Castanho 2019) still conclude that men published 
more articles per capita and had more scientific outputs (articles, grants, research 
positions) as a group, and the difference is not smaller in the 21th century than in the 20th 
century.This finding is mainly based on group comparisons, that do not account for 
overrepresentation of men in science. No differences in success rates in accepted papers 
were found- suggesting that women simply submit fewer papers; interestingly, men did 
better when peer committees played a role (grants, jobs, committee member). Finally, men 
were more cited, but without self-citations this effect disappeared. 

84. The gender productivity gap is more acute at the top of the academic hierarchy. Up to date 
evidence shows that there is a considerable gender productivity gap among “stars” in 
favour of men across fields. Specifically, the underrepresentation of women is more 
extreme as we consider more elite ranges of performance (i.e., top 10%, 5%, and 1% of 
performers (Aguinis, Ji, and Joo 2018) . Although in all fields authorship moves towards 
gender parity, in quite a few STEM fields there is still a long way to go, and the change is 
very slow (Holman, Stuart-Fox, and Hauser 2018). The main problem with most of the 
studies of the relationship between gender and productivity is related to the establishment 
of causality, since most of the findings and conclusions are conditional about what may 
cause the observed effects. 

85. Recent research confirms that women authors have been persistently underrepresented in 
high-profile journals. Analysing research article publication records from 15 high-profile 
multidisciplinary and neuroscience journals for 2005-2017, Shen et al.  (Y. A. Shen et al. 
2018) studied the representation of women over time, as well as its relationship with 
journal impact factor. They found that the percent of women first and last authors was 
negatively associated with journal impact factor. Since publishing in high-profile journals 
is a gateway to academic success this underrepresentation of women may contribute to the 
lack of women at the top of the academic ladder. 

2.1.2.2 Why women appear to be less productive and advance more slowly? 

86. Let us start by acknowledging that productivity is not only an independent characteristic of 
individuals but also a reflection of their positions in the academic social structure and the 
access to resources that those positions provide. Analytically, publication productivity is 
both cause and effect of status in science.  Having said this, the explanations for women 
lower productivity can be classified broadly in two categories associated with what 
Sonnert and Holton  (Sonnert and Holton 1995)  called the “difference and the deficit” 
models; the difference model states that women act differently because they are different 
in motivations and commitment to scientific career; these differences could be innate or 
social. Most sociology of science has disposed of the idea of innate differences and 
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stresses the importance of cultural and social influences of women to make certain 
educational and career choices. In contrast, the deficit model states that women have the 
same goals and aspirations than men but that they are treated differently. Therefore, their 
lower performance is due to lower opportunities, obstacles in their career, more problems 
in raising funds and in collaborating with other scientists. However, both type of factors 
are compatible and may reinforce each other (Mairesse and Pezzoni 2015). 

87. Within those two general approaches, several explanations of the productivity gap have 
been proposed: scientific ability, self-selection, social selection, and accumulated 
disadvantage (Zuckerman 2001). The first explanation has been losing ground. The second 
explanation is often related to the evidence that family affects women more than men, 
leaving them with less time for research and therefore lower scientific output especially in 
the early career [(Long 1992) (Symonds et al. 2006) (Stack 2004)]. Some authors argue 
that only later in their career women more or less catch up with male researchers (Long 
1992, Symonds et al. 2006) but the previous early productivity has negative effect on 
career (Hunter and Leahey 2010). Attrition is also very important since it has been 
recently found that drop out rates explain a large propotion of the career wise differences 
in productivity and impact (Huang et al. 2019); catching up is only a possibility for those 
who stay.  

88. The relevance of studying whole cohorts and not only successful scientists was already 
stressed by Preston  (Preston 2004)  in her book “leaving science”; there she focused on 
the interrelations between perception of discrimination, behaviour and outcomes (p.145); 
when the whole cohort was considered, the previous finding of Cole and Zuckerman (J. R. 
Cole and Zuckerman 1991) of lack of perception of discriminatory treatment did not hold.  
Among the reasons behind attrition from scientific careers, both for men and women are: 
inadequate salary and opportunities, difficulties to balance family and career opportunities, 
lack of mentoring and mismatch between individual’s interests and the requirements of 
scientific profession. Preston confirms that women are more at risk of being affected by 
the structural factors. On the contrary, other research finds that in the early career, women 
and men perform about equal but after the age of 38 the differences in productivity and 
impact increase quickly, especially in health sciences; in the natural sciences and 
engineering (NSE) and social sciences and humanities (SSH), the differences are smaller 
(Larivière et al. 2011). 

89. Family formation has also been claimed to underlie differences not only in productivity 
but also in the structure of academic ranks by gender. For the U.S. universities Wolfinger 
et al.  (Wolfinger, Mason, and Goulden 2008) found that family and children accounted for 
the lower rate at which women obtain tenure-track jobs in the humanities and social 
sciences. Single women without young children did better than their male counterparts on 
the market for assistant professorships. However, family formation could not account for 
women’s difficulties at later career stages—namely, tenure and promotion to full 
professor. Here again, there is not a consensus in the literature and other studies argue that 
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the academic career does not suffer from parenthood [(J. R. Cole and Zuckerman 1991), 
(Fox and Faver 1985), (Fox 2005)] or that children are not a strong predictor of 
productivity, although the influence that they do have follows a gendered pattern  (Stack 
2004). Along similar lines, Kelly and Grant (Kelly and Grant 2012) focusing on salaries, 
find more evidence for fatherhood premiums than for motherhood penalties, especially for 
non-STEM faculty. The criticism that can be made to many of these studies is their 
consideration of a very limited set of variables. Qualitative research consistently shows 
that academic women who are married and have children face considerable stress and 
time-management pressure in their everyday lives (Caprile et al. 2012) . 

90. Academic gender imbalances may also be result of gender differences in life choices and 
social pressures (Ceci and Williams 2011). Disentangling self-selection (choice) and 
social-selection processes is not easy, and one should not underestimate the constraining 
power of cultural expectations. Van Arensbergen et al. (2012)  (van Arensbergen, van der 
Weijden, and van den Besselaar 2012) note that there are several differences between male 
and female researchers’ performance which are partly based on one or on the other. For 
instance,  some [(Erin Leahey 2006), (E. Leahey, Crockett, and Hunter 2008), (A. Conti, 
Denas, and Visentin 2014)] have argued that female researchers lose out an important 
means of increasing their productivity due to their lower specialisation, although Abramo 
et al. (Abramo, D’Angelo, and Costa 2018) urge caution in identifying research 
diversification as a co-determinant of the gender productivity gap between man  and 
women.  

91. The roots of the difference in publication productivity also include access to resources. 
The much cited work of Xie and Shauman (Xie and Shauman 1998)  where they analysed 
gender differences in productivity in the U.S. during the 70s and 80s, already highlighted 
that the primary factor affecting women scientists’ research productivity was their overall 
structural position, such as institutional affiliation and rank: when type of institution, 
teaching load, funding level and research assistance were controlled for, the productivity 
gender gap disappeared. And more recent evidence (Rørstad and Aksnes 2015) also 
stresses the importance of the academic position and availability of research funds. An 
important methodological consideration is that interaction effects with gender are worth 
testing. 

2.1.3 Collaboration and mentorship 

92. In bibliometrics the relationship between productivity and collaboration is well known. 
Acording to the Elservier report “Gender in the global research landscape” (Elsevier 2018) 
women tend to have less developed international collaboration and co-authoring networks. 
Using data from UK business schools, Brooks et al. (Brooks, Fenton, and Walker 2014)  
show important differences in the rated quality of journals than men and women publish in 
across sub-disciplines, with the former publishing in more rated ones. They also report that 
women who are able to use networks to co-author with individuals outside their institution 
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are able to publish in higher rated journals, although the same is not true for men. 
Disentangling the effect of gender from the effect of status in the motivations to 
collaborate and collaboration dynamics that generate scientific outputs is not easy. 
Gaughan and Bozeman  (Gaughan and Bozeman 2016)  came across the fact that both 
status and gender were used as interpretative framework of collaborative behaviour in 
STEM research, but that the status hierarchy exerted more clear effects. Another 
interesting finding related to gendered patterns of collaboration has been recently 
published by Salerno et al.  (Salerno et al. 2019) showing, for Latin American ecology and 
zoology fields, that research groups led by women published with over 60% female co-
authors whereas those led by men published with less than 20% female co-authors. 

93. Whether female and male researchers in STEM disciplines differ in their collaboration 
propensity is an empirical question. Zeng et al. (Zeng et al. 2016)  report on an analysis of 
the publication records of 3,980 faculty members in six STEM disciplines at select U.S. 
research universities. They find that female faculty has significantly fewer distinct co-
authors over their careers than men, but that this difference can be fully accounted for by 
women’s lower publication rate and shorter career lengths. They also showed that female 
scientists had a lower probability of repeating previous co-authors than men. Similarly, 
Beaudry and Lariviere (Beaudry and Larivière 2016), report, for Quebec, that researchers 
who collaborate with a higher proportion of female co-authors are consistently less cited in 
both the health and in STEM fields than if they were publishing with a male dominated 
group of co-authors. 

94. Mentorship (and its quality) has also been a factor studied in relation to scientific 
performance and career advancement. However scholars have also acknowlged the 
problems to construct a proper theory (Bozeman and Feeney 2007) . More recently Ooms 
et al. (Ooms, Werker, and Hopp 2019)  have analysed to what extent different factors (like 
research orientation, gender, or disciplinary and cultural differences) that affect the 
relationship with PhD supervisors, help or hamper academics’ careers depending on 
heterogeniety. Their results confirm that heterogeneity stemming from research orientation 
is helpful for career advancement, but heterogeneity stemming from gender hinders 
women careers; mentor–mentee heterogeneity only helps in early career transitions, but 
hampers advancement later on.  

95. Some insights can also be drawn from policy intervention. For example, Blau et al.  (Blau 
et al. 2010) evaluated the success of a program (CeMENT) aimed at assisting female 
junior faculty in preparing themselves for the tenure hurdle, supported by the NSF 
ADVANCE initiative. They use a randomised trial. Applicants were randomly assigned to 
be in the “treatment” (mentees who attended the workshop) or “controls” who did not 
participate. The study compared the academic performance (i.e., papers, grants) of these 
two groups in the following years. They found significantly increased publication rates and 
successful grant applications for the treated group, while it was too early to assess the 
eventual effect on tenure. 
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2.1.4 Recognition and impact 

96. Research impact is one important dimension of gender differences in performance 
because it conditions career attrition and opportunities for grant success and promotion. 
One reason why male-authored research may be more cited is self-citation; another reason 
is that researchers that author more papers over their careers tend to produce higher impact 
work, advantaging men for higher productivity, dominance of senior roles and fewer career 
breaks. According to Lariviere and Sugimoto (Larivière and Sugimoto 2017)   using 
Elsevier data, the average impact factor of journals for men and women are much closer to 
parity than citations and, systematically, the gap in citations is much greater than the gap 
in impact factors, and always in favour of men. In other words, even when women publish 
their works in high impact factor journals, this work is cited less, both in absolute and 
relative terms.  

97. The quantitative evidence for the EU regarding gender differences in publications is not as 
abundant as in the U.S.. In the last decade there have interesting country-cases scholarly 
contributions. For instance, trying to understand the common argument that female 
researchers publish on average less than male researchers do, but male and female 
authored papers have an equal impact, van den Basselaar and Sandström  (van den 
Besselaar and Sandström 2017) studied the publications and citations of 47,000 Swedish 
researchers; their analysis reveals that, in order to have impact, quantity does make a 
difference for male and female researchers alike, but women are vastly underrepresented in 
the group of most productive researchers; they find that gender differences in age, 
authorship position, and academic rank do explain quite a part of the productivity 
differences. Moreover, Sandström (Sandström 2009a) stressed the paradox, for medical 
research in Sweden, that female scientists may be less productive in both normal and 
fractional paper counts, but their impact in field-normalised citations was better than that 
of their male colleagues.  A further complexitiy is given by the way in which credit is 
allocated to multiple co-authors (perceived or actual contribution) (H.-W. Shen and 
Barabasi 2014) 

98. However, the results of more recent data analysis (2011-2018) by Thelwall (Thelwall 
2018) conflict with prior studies that found a male citation advantage. Interestingly, the 
most likely reason this author provides for the difference in the findings is the use of 
arithmetic mean-based normalisation of all prior studies, which gives a substantial male 
advantage in comparison with geometric mean-based normalisation. He also mentioned the 
relevance of data analysis with higher levels of domain disaggregation. Differences by 
nations and fields and subfields are also hidden depending on the level of aggregation: 
international findings do not necessarily apply to individual countries and vice versa. 
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2.2 Application for funding: preferences versus expectations 

99. Most of the policy initiatives that a few decades ago raised the awareness about the gender 
differences in science brought to our attention the existence of differences in the success 
rates (and soon after on applications) in funding between men and women. Later on the 
issue was formulated into a research question: What factors condition the probabilities 
of success? 

100. Before we are able to address the issue of success we first need to understand that the 
success probabilities are conditional on the probability to apply. Evidence shows that 
women apply less even in sectors where gender distribution is nearly equal like the 
medical sciences in the U.S. (Ley and Hamilton 2008). In short, application rates do not 
mirror the potential pool (European Commission 2009). This also seems to be the case 
more generally in countries like Germany where Auspurg and Hinz (Auspurg and Hinz 
2010) indicated that female scientists were more reluctant to apply for individual grants 
than males scientists. 

101. Is there a theory about what are the factors and conditions that explain researchers’ 
application behaviour? Why do people apply for funding? Needs, reputation/status, norm 
alligment, support, mentoring, integration in networks? Are there differences between men 
and women? Who applies for funding? How does supply and demand adjust? 

102. Many factors influence grant application behaviour; some of them are structural and 
related with the prior segregation by occupation or rank. Survey results reported by Blake 
and La Valle  (Blake and La Valle 2000) for applications to UK Research Councils and the 
Wellcome Trust show that women were as successful as men in getting the grants they 
apply for, but were less likely to apply because of their status in the institution and the 
support they received. The main influences on grant application behaviour were: seniority, 
employment status, tenure, type of institution, professional profile, institutional 
support, career breaks and family circumstances. Additionally, women were less likely 
to be working in universities which were the main recipients of research funding. 

2.2.1 The mechanisms 

103. As noted by Stephan and Ganainy  (Stephan and El-Ganainy 2007), it might be 
analytically useful to distinguish the contextual (structural) explanation that women are 
underrepresented in the type of positions from which typically they would be more likely 
to engage in a particular activity (e.g application behaviour of women is much more 
affected negatively by elegibility criteria), from other type of explanations based on 
factors affecting supply (attitudes towards competition, risk, preferences about work-life 
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balance) and demand (role of networks, preferences of evaluators and employers, gender 
discounting3, etc.).  

104. Regarding supply factors, some research has explored the hypothesis that men and 
women view professional advancement differently and their views affect their decisions to 
climb (or not) the corporate ladder, and seeing professional advancement as equally 
attainable, but less desirable (Gino, Wilmuth, and Brooks 2015b) with women associating 
high level positions with conflict and tradeoffs more than men.  

105. In this regard, De Paola et al. (De Paola, Ponzo, and Scoppa 2017) found that, controlling 
for productivity and a number of individual and field characteristics, women had a lower 
probability of applying for promotion of about 4 percentage points. They argue that 
determinants of this gap seem to be gender differences in risk-aversion and self-
confidence as well as women’s fear of discrimination: the lower tendency to apply is 
especially relevant for women in the lower tail of the distribution of scientific productivity 
and in fields in which productivity is not easily measurable; furthermore, women are less 
likely to apply for promotion in fields in which promotions of women in the past were rare.  

106. The so-called “aspiration gap” is a supply side explanation of application differences that 
has been countered by the argument that it is not that women have intrinsically lower 
levels of career aspirations than men, but that their experience with gender inequality in 
organisations leads them to have lower expectations about their potential for success  
(Fernandez-Mateo and Kaplan 2018). In other words, the supply is affected by the 
demand, where demand can be understood as derived from decisions of evaluators, 
employers, etc. A question arises of what organisations can do to change expectations 
and/or gendered outcomes that may influence application behaviour. 

2.2.1.1 Elegibility of funding instruments, employment conditions and incentives to apply 

107. While many factors affect both men and women, some disproportionately stop women 
from making applications, especially if they are formalised in the elegibility criteria of 
the calls. For instance, rank or employment criteria designed by research funders to help 
define who can apply for research funding can produce a gender disadvantage at the 
application stage, because more women than men are employed on fixed-term contracts, 
part-time posts and are at lower academic ranks. In the Blake and La Valle survey (Blake 
and La Valle 2000) women were less likely than men to be eligible for the grants due to 
their type of employment. As for the role in application, men were more likely to apply as 
principal investigators than women, a result that coud be explained by differences in 
seniority; interestingly, women were more likely than men to have applied for the salary to 
be paid by the grant, which suggests a higher representation of women in non permanent 
posts. In sum, many of the gender differences in application behaviour identified in the 
survey were rooted in higher education institutions’ employment practices. That is why 

                                                                      
3 For Stephan and El-Ganainy (Stephan and El-Ganainy 2007), gender discounting occurs when, holding everything else 
equal, the acomplishements of women are seen differently than those of men, and receive differential treatment.  
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we need to know the employment practices of institutions to elaborate a model of the 
application for grants (European Commission 2009) . 

108. The eligibility requirements of funding schemes play a crucial role since review systems 
only take effect when it comes to deciding on submissions and actual applicants; however, 
each potential applicant makes an active decision on whether to apply or not. Here, self-
selection plays a relevant role. This is the approach taken by Neufeld and Hornbostel 
(Neufeld and Hornbostel 2012) in their study of the Emmy Noether Programme of the 
German Research Foundation; they aim to address the question of whether the best apply, 
and report that, with respect to bibliometric indicators, the actual applicants’ group shows 
higher performance than the potential applicants’ group in the early phase of their career, 
and that this could be explained by the lack of low performers in the applicants’ group. 
Potential applicants perform less well in terms of quantity and impact, but it remains open 
what will happen in the long term. They conclude that the answer to the question “do the 
best apply”? depends very much on the time window considered and the criteria used to 
define “the best”. Furthermore, these authors find interesting differences by field that make 
them wonder who is actually making the application decision: is it the potential applicants 
or the mentors who advice their well prepared mentees to apply for funding in the 
relevant programme? The career stage also matters.  

109. Ley and Hamilton   (Ley and Hamilton 2008)  data suggest that a large fraction of female 
medical scientists choose to leave U.S. NIH-funded career pipeline at the transition to 
independence (i.e., in the late postdoctoral and early faculty years). Since men and women 
have near-equal NIH funding success at all stages of their careers, it is very unlikely that, 
in this case, women’s attrition is due to negative selection from NIH grant-funding 
decisions. 

2.2.1.2 Attitudes and preferences towards competition and risk aversion 

110. Can the argument be made about women’s higher risk aversion in relation to decisions to 
apply to competitive research funding and fellowships? The hypothesis of women being 
less competitive /having less competitive attitudes has also been studied in some 
experimental work. However, in many instances, evidence about choices and preferences 
is not conclusive. For instance, in a small sample comparative study of German and U.S. 
university, Sieveriding et al. (Sieverding et al. 2018) analysed lifestyle preferences  and 
the gender gap in higher positions in academia, and they found some effect of preferences 
about ideal work hours of early career female researchers with children in German 
universities but not in the U.S.. 

111. Indeed, the claim that women shy away from competition and are more risk-averse 
than men has become widespread in the economic literature [(Croson and Gneezy 2009), 
(Niederle and Vesterlund 2007)]; for example Niederle and Vesterlund (2007) found, with 
an experimental approach, that although there were no differences in performance, men 
selected the tournament twice as much as women when choosing their compensation 
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scheme for the next performance; they concluded that women are more likely to shy away 
from competition. In a later study, Niederle and Vesterlund (Niederle and Vesterlund 
2011) reviewed the robustness of the differences and stated that laboratory and field 
studies largely showed that gender differences in competitiveness tend to result from men 
is greater overconfidence. They also found that gender differences in risk aversion, 
however, seemed to play a smaller and less robust role. But this does not mean that women 
are not able to perform in competitive environments per se.  

112. For instance, in a laboratory experiment, Gneezy et al. (Gneezy, Niederle, and Rustichini 
2003) observed a significant increase in performance for men, but not for women when 
there was an increase in the competitiveness of the environment. This resulted in a 
significant gender gap in performance in tournaments, while there was no gap when 
participants were rewarded according to piece rate. Moreover, this effect was stronger 
when women had to compete against men than in single-sex competitive environments.  

113. Notwithstanding previous evidence, Nelson [(Nelson 2014), (Nelson 2015)] makes a 
critical review of some of the economic literature on gender and risk and argues that the 
claims about gender and risk aversion have gone far beyond what can be justified by 
the actual quantitative magnitudes of detectable differences and similarities that appear in 
the data. She points out that cultural beliefs combined with generally accepted but non-
rigorous methodological practices has drifted a whole literature in a particular direction 
and identifies six kinds of biases: 1) inaccurate citations of earlier literature which 
favours essentialist beliefs, 2) generalisations from samples of individuals to categories of 
the population 3) overemphasis on differences within a study’s own results, unsupported 
by the actual magnitudes of such differences 4) publication and confirmation bias that tend 
to favour significant over non significant results and those consistent with a prior belief, 5) 
failure to consider confounding variables such as social pressures to conform to 
expectations, and 6) examination of a narrow range of risks (mostly lottery, gambling and 
investment scenarios).  

2.2.1.3 Expectations and interaction feedback (learning) 

114. In a similar vein, Kugler et al. (Kugler, Tinsley, and Ukhaneva 2017) put into question 
recent work that suggests that women are more responsive to negative feedback than 
men in certain environments; when they analyse the effect of low grades in major related 
courses in switching out from male dominated STEM majors among students, they do not 
find support for such claim.  

115. Thus, for some authors a more realistic account of the empirical evidence do not support 
the claim of intrinsic differences between men and women in this issue; factors like 
minority status, and different reactions to men’s and women’s choices may produce 
behaviours that look like risk aversion but that in fact derive from the different incentives 
or payoffs to men and women to taking action (Fernandez-Mateo and Kaplan 2018). 
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116. In sum, we must acknowledge that the literature reports contradictory findings and is 
rather inconclusive about the causes of differential application.  One reason for this 
lack of robustness may be that studies seldom take feedback dynamics into account. 
Interestingly, Brands and Fernandez-Mateo (Brands and Fernandez-Mateo 2017) study 
how rejection experiences shape women’s decisions to compete for executive roles. 
They theorise and show that women are less likely than men to consider another job with a 
prospective employer that has rejected them in the past. The mechanism would be that 
rejection triggers uncertainty about women’s self-assessed general belonging in the 
executive domain, which in turn leads women to place greater weight than men on fair 
treatment and negatively affects their perception of the fairness of the treatment they 
receive; this dual process would make women less inclined than men to apply to a firm that 
has rejected them before.  

117. What is interesting about this result is that, as mentioned Fernandez-Mateo and Kaplan 
(Fernandez-Mateo and Kaplan 2018) demand effects are often confused with supply 
effects. In their view, what looks like a supply problem -that women choose not to aspire 
to top positions or to jobs in top paying fields- might actually be a demand problem -
organisations or jobs look unappealing to women because of past histories of not hiring or 
promoting women into leadership roles or of making work–life balance appear to be 
impossible-. 

118. Although the dominant approach in this literature is focused on the individuals, we also 
need to understand the diversity of propensity to apply that the different organisational 
conditions of academic institutions creates. The majority of analyses do not incorporate the 
organisational conditions that incentivise researchers within particular institutions or 
career conditions to apply for competitive funding. It might be the case that those 
organisational conditions, for instance the research intensity of the institution, are gender 
neutral 4 , but to the extent that there are differences by gender in the employment 
conditions, organisational incentives to apply may be mediated by gendered employment 
structures which in turn affect individual researchers’ autonomy, so that the personal 
incentives to get individual fellowships (versus project funding) may actually be higher for 
women (unless projects include salary paid for them). 

2.3 Evaluation and allocation of limited resources: Selection of 
proposals and access to jobs 

119. A decade ago, the European Commission issued an expert report about the “gender 
challenge in research funding”  (European Commission 2009); data referred to 2007. The 
report compared several countries and noted that, in average, proposals with a male IP 
had 7% more probabilities of being granted than those with a female IP. There were, 
however, notable differences across countries and fields. For instance in the health 

                                                                      
4 Although there is evidence on the contrary, showing that research intensity at universities is negatively correlated with the 
share of female academic faculty [(Long, Allison, and McGinnis 1993), (Hargens 2012)].  
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sciences the majority of countries showed male advantage, whereas in the engineering and 
technology female researchers got higher success rates in 10 out of 18 countries. In the 
humanities the balance was slightly in favour of women; in the social sciences 8 countries 
showed a balance in favour of men and other 8 showed the opposite.  However, from 
differences in the success rates one cannot infer differences in individual productivity, 
since there was no information in this report to control for other factors such as the 
institutional affiliation, the quality of the team, previous national funding, etc. that affect 
the probability that a proposal is granted.  From success rates, we can neither infer the 
existence of discrimination or bias.  

120. In the U.S., in order to assess gender differences in research funding, RAND Corporation’s 
researchers  (Hosek et al. 2005)  analysed three years of data from three federal agencies 
(NSF, NIH and USD) that accounted for three-fifths of the $43 billion in research funding 
in FY 2001 and two surveys. They found no gender differences in federal grant 
funding outcomes when they adjusted for other characteristics of applicants, including the 
researcher’s discipline, institution, experience, and past research output. Interestingly, the 
two exceptions they found referred to NIH. Firstly, they found a gender gap in the average 
amount of funding that women received relative to their male counterparts, although some 
caveats were acknowledged: for instance, the gap was smaller when the top 1% grants 
were excluded, a group in which women were less represented; they also found a gender 
gap in subsequent application rates. 

121. The most recent evidence of the NIH shows that sex differences in the size of grants 
awarded to comparable first-time female and male PIs exist - also if one only looks at top 
research institutions. In most grant types, men get more than women. But for R01 grants 
(the most frequent award for first-time awardees) women received larger grants  (Oliveira 
et al. 2019).  In this paper, however, only successful applicants are included; further study 
of the institutions where inequalities were lowest may provide insights into the reasons for 
gender imbalances in grant amounts awarded during formative career stages. 

122. In this section we review the literature on grant evaluation paying attention firstly to the 
processes and secondly to the characteristics of the evaluators and applicants, with a 
focus on gender. 

2.3.1 The process of evaluation 

2.3.1.1 Are criteria of assessment gendered? The notion of excellence  

123. Academia is a culture of meritocracy, value neutrality, and excellence, while the logic of 
gender equality is based on values of justice, equal rights, and democracy; Powell  (Powell 
2018)  argues that these logics are incompatible since concepts of meritocracy and 
excellence are permeated by gendered stereotypes and so the way scientific quality and 
merit are valued . Although the quest for excellence has been a very prominent idea in the 
policy discourse, the empirical literature about the evaluation of excellence is limited 
(European Commission 2004). Excellence is not a naturally given variable but socially 
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produced; among the social processes, some argue that who is considered excellent 
depends on gender relations in the scientific community and in society at large [(Addis, 
2019),(Addis, n.d.)]. Additionally, scientific excellence is not a hidden feature of the single 
scentist; it is a quality of the researcher in relation to others. Addis (Addis 2010) points to 
some specific issues that emerge in the literature and that are relevant to the issue of why 
women may not achieve scientific excellence: homosociability that favours cooptation 
of similar people, gatekeeping which implies decisions on who enters and who remains 
outside, peer evaluation and what it entails from a gender view point, and leadership and 
the distribution of men and women in  leadership positions. 

124. Van den Brink and Benschop (van den Brink and Benschop 2012) are more critical and, 
based on a study of professorial appointments in the Netherlands, argue that academic 
excellence is a social construct that is inherently gendered. Furthermore, they describe 
that committee members highlighted the decisive role of professional qualifications such 
as quality and quantity of research, success in obtaining research funding and experience in 
management in the assessment of candidates, but that despite the gender neutrality of those 
criteria, their use could also lead to the production or reproduction of inequities, if 
opportunities to develop and perform in those activities were unequally distributed ex ante. 
Thun (Thun 2019) in a qualitiative case study of the University of Oslo argues that 
organisations advantage particular groups of academics that correspond to the “ideal type”. 
The focus on excellence may have consequences but work is needed about which 
consequences and how. 

125. At this point, the distinction between merit and worth (Lincoln and Guba 1980) seems 
pertinent. Both merit and worth are aspects of value, but while merit is intrinsic to the 
individual and can be assessed by the degree to which he/she conforms to certain standards 
upon which experts agree, worth is extrinsic and is determined by comparing the 
individual´s value relative to some set of external requirements. Whereas merit criteria are 
stable, criteria of worth are highly variable depending on context; depending on the 
instrument, specific programme or call, research funding agencies may put more emphasis 
on either of those aspects of value. When panels evaluate the adjustment of the candidate 
and/or the proposal to the host institution, both aspects are being taken into account. Grants 
that are individual-oriented and portable across institutions will in principle emphasise 
merit more than worth.  

126. In contrast, at the organisational level, tenure decisions are the paradigmatic example of 
evaluations where the candidate must not only show quality, but demonstrate that he/she 
serves some organisational purpose too (Cruz-Castro and Sanz-Menéndez forthcoming).  

127. The notion of talent and its relationship with merit and worth also deserves some 
attention. Qualitative research has shown that, overall, there is large agreement on the 
notion of scholarly talent among scholars who have experience with identifying talent both 
in their daily academic work and in the process of grant allocation; the main criteria for 
assessing talent are publications, study and promotion results, honours degrees, awards, 
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grants, and international experience; but talent is also associated to the idea of performing 
better than expected according to age or experience, and it is not only about professional 
capital, but also about individual capital (personal traits, ambition, motivation etc) and 
social capital (networks). Despite this broad agreement, the characteristics ascribed to top 
talent vary depending on the evaluation context. In grant allocation, a narrower talent 
definition prevails compared with more general evaluation, and, furthermore, difficulties 
emerge in the process of panel decision-making, when selection criteria need to be 
concrete and explicit to enable comparison (van Arensbergen, van der Weijden, and van 
den Besselaar 2014).  

2.3.1.2 Bias in the assessment of similar individuals? 

128. In general, academic scientists believe that they function within a meritocratic system that 
rewards capacity and productivity, and that careers are open to talent. In the allocation of 
competitive research grants and fellowships, the need to select among applicants of 
similar quality makes the grant selection process liable to subjectivity, arbitrariness, and 
randomness but the central question of whether grant peer review is gender-biased is an 
empirical one. In our view any serious analysis aiming to claim the existence or non 
existence of gender bias or gender discrimination should take performance into account, 
and not only success rates. 

129. In Europe, a commentary in Nature by Wenneräs and Wold (Wennerås and Wold 1997) of 
an analysis of peer-review scores for postdoctoral fellowship applications of the Swedish 
Medical Research Council in early 1990s, brought the issue of disparities in the evaluation 
outcomes in RFO to the agenda; latter on some criticisms on the methodological grounds 
and the statistical analysis were made (Hoff Summers 2009);  the study raised the issue of 
gender bias in the allocation of funding. In their seminal article (Wennerås and Wold 
1997), they showed that meritocracy was not the standard, that social relations with 
committee members played a significant role, and that women needed a substantially 
higher performance than man to get a grant in the biomedical area and that women needed 
to have 2,5 more publications than men to get a similar rating.  Replicating the study a 
decade later Sandstrom and Hallsten (Sandström and Hällsten 2008) found nepotism again 
but not gender bias; other research has found gender bias to take place in some fields more 
than in others; Brouns (Brouns 2004) for instance reported a negative gender bias in the 
biology but a positive one in other science fields. 

130. According to Bormann et al.  (Bornmann, Mutz, and Daniel 2007) some narrative accounts 
of peer review research have concluded that there is negligible evidence of gender bias in 
the awarding of grants based on peer review. To the contrary, in their meta-analysis5 of 
more than twenty studies they claim evidence of robust gender differences in grant award 

                                                                      
5 The term meta-analysis refers to a statistical approach that combines evidence from different studies to obtain an overall 
estimate of treatment effects (i.e an independent variable); Meta-analysis allows generalised statements on the strength of 
the effects, regardless the singularity of individual studies; it is necessary, however, that each study be designed similarly 
with respect to certain properties (methods, sample…)  (Bornmann 2011): 215) . 
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procedures. Even though the estimates of the gender effect vary substantially from study to 
study, their model estimation shows that all in all, among grant applicants men have 
statistically significant greater odds of receiving grants than women by about 7%. 
Although the figure may seem small, even small differences accumulate to multiplicative 
impacts to women underrepresentation over time.  

131. However, extending this meta-analysis, Marsh et al. (Marsh et al. 2009), found no gender 
differences in grant proposals. They warn that the previous meta-analysis showed a 
substantial heterogenieity in the effect sizes for the different review processes considered 
in the analysis, which, in their opinion, compromised the results. Methodologically, they 
juxtaposed traditional (fixed- and random-effects) and multilevel models, arguing in 
favour of the advantages of the multilevel approach. Using the latter, the lack of gender 
effect for grant proposals was robust. Later on, in an empirical analysis of the Austrian 
Science Fund, Mutz et al. ((R. Mutz, Bornmann, and Daniel 2012) found that there was not 
discrimination against women in the marks in the review process. 

2.3.1.3 Gender effects of Evaluation tools 

132. The existence of gender bias in the definition and use of tools for measuring scientific 
performance and assessing scientific excellence is another topic in literature  (Addis 
2010) . 

133. Bibliometrics are used as a proxy for excellence, quality and ability. For some, 
bibliometrics is gender-blind or gender-insensitive but the use of bibliometrics may be not 
gender-neutral (Addis 2010); some case studies have argued that the use of bibliometric 
indicators widen the gender gap in research performance. For instance, Nielsen (M W 
Nielsen 2017b) finds that in the Danish bibliometric research indicator (BRI), men on 
average receive more BRI points for their publications than women, and suggests two 
possible explanations: firstly, women merely comprise 24% of committee members 
determining the quality classification of communication channels, so women’s interest and 
opinions are less likely to be voices in the discussion of “what counts’ as excellent 
publication chanels; and secondly, the model privileges collaborative research, which 
disadvantages women due to gender differences in collaborative network relations (M W 
Nielsen 2017a) (M W Nielsen 2015).   

134. Strong advocates of the use of bibliometric criteria to asses scientific merit often base their 
argument in the gender-neutral character of those tools; however,  others point out that 
(Mathias Wullum Nielsen 2018) “bibliometrics, when used at the individual evaluation 
level, can serve to perpetuate existing gender inequalities in academia, by providing 
indisputable and easily measurable proxies for merit that decontextualises scientific 
achievements and transform different qualities into common metrics”.  

135. Based on a qualitative study of recruitment at a Danish university, Nielsen  (Mathias 
Wullum Nielsen 2018) is critical about the use of tools such as the h-index that is slanted 
in favour of researchers who publish in subfields with high citation frequencies, is highly 
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correlated with output and therefore with scientific age, and privileges individual 
publishing with multiple co-authors, a factor that have been argued to disadvantage women 
[(Abramo, D’Angelo, and Murgia 2013), (Bozeman and Corley 2004)]. Despite these 
potential biases, bibliometric measures may function as technologies supporting a 
managerial narrative of the gender-blind organisation. Notwithstanding the basis of these 
criticisms, some studies have maybe gone too far in arguing about implications of the use 
of the h-index (e.g the work of Geraci et al. (Geraci, Balsis, and Busch 2015)  about salary 
differences in psychology). 

136. Also regarding evaluation methods, Jappelli et al. (Jappelli, Nappi, and Torrini 2017) 
compiled data on 180,000 research papers evaluated during the Italian national research 
assessment conducted by the Agency for the Evaluation of Universities and Research 
Institutes over a 6 year period, and merged this data with information on individual 
researchers and characteristics of referees. They found a significant gender gap in research 
evaluation. The gap was reduced once they controlled for researchers’ characteristics, such 
as age and academic rank, but was almost unaffected by research output, co-authorships, 
and international collaborations. Childbearing and maternity leaves did not account for the 
remaining gap in research evaluation. The evaluation method (peer review or bibliometric 
analysis) and the referee mix (whether men or women) did not disadvantage women. 
Interestingly, the analysis of a random sample of papers evaluated using bibliometric 
indicators and peer review revealed that bibliometric evaluation proved to be more 
favourable to women than peer review evaluation. 

2.3.1.4 Assessing the research proposals or the candidates? 

137. The degree to which the evaluation focuses on candidates or proposals and in what order 
is another relevant aspect. A recent experiment-based paper analysed whether imbalances 
in men and women research funding stem from evaluations of female research 
investigators or from their proposed research, finding that gender gaps in grant funding 
were attributable to less favourable assessments of women as principal investigators, not of 
the quality of their proposed research (Witteman et al. 2019). 

138.  Van der Lee and Ellemers (R. van der Lee and Ellemers 2015) found similar results in 
their study of research funding in the Netherlands, where male applicants to the Veni 
programme received significantly more competitive “quality of researcher” evaluations 
(but not “quality of proposal” evaluations) and had significantly higher application success 
rates than female applicants. Gender disparities were most prevalent in scientific 
disciplines with the highest number of applications and with equal gender distribution 
among the applicants (i.e., life sciences and social sciences).   

139. However, van den Besselaar et al. (van den Besselaar, Sandström, and Schiffbaenker 2018) 
in a linguistic analysis of the peer review reports of the ERC Starting grants showed that 
the performance of the applicant and the content of the proposed project were assessed 
with the same categories, suggesting that the panellists actually do not make a difference 
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between past performance and promising new research ideas. Their analysis also suggests 
that panels concentrate in rejecting weak proposals rather than trying to find the best and 
more promising ones; this is compatible with a strategy of reducing the pool of 
applications which is also related to the low success rates of these grants.  

2.3.1.5 Transparency, clarity of the evaluation criteria and wording of reviews 

140. The analysis of texts and wording in reviews has produced interesting evidence about the 
process of evaluation in RFO. Using text mining methodology, Magua et al. (Magua et al. 
2017) analysed 51 reviews of grant renewal applications to the NIH awarded to 45 
investigators at a U.S. university. Their results showed that male investigators were 
described as “leaders”, “pioneers” in their fields, with “highly innovative” and “highly 
significant research”, whereas female investigators were characterised as having expertise 
and working in “excellent environments”. Applications from men received significantly 
better priority and significance scores. They conclude that such implicit bias may 
contribute to sex differences in the award rates of such renewals.  

141. Similarly, Rubini and Menegatti (Rubini and Menegatti 2014) investigated the role of 
language abstraction as a means to discriminate female applicants in academic personnel 
selection. The level of abstraction of 814 judgments, which were drawn from publicly 
available archival material, was coded. Results revealed that judgments of female 
applicants were formulated using negative terms at a more abstract level and positive terms 
at a more concrete level than those of male applicants. Moreover, this linguistic form of 
gender discrimination was found only in male committee members. 

142. Although there is evidence that formalisation of evaluation criteria and procedures 
influence clarity and transparency of academic assessment, Helgesson and Sjogren  
(Helgesson and Sjögren 2019) in a case study of a Swedish higher education institution, 
found that inequality was reproduced through the choice of implictly gendered metrics; 
they reported how the formalisation of a “good enough” standard, in addition to a standard 
of “excellence” reinforced the scope for interpretation flexibility among reviewers 
broadening their discretion to communicate or hide failure, with gendering effects. 

143. Not only words, but also numbers may convey symbolic value. Quantitative performance 
ratings are ubiquitous in modern organisations, and even the evaluation scales may have a 
gendered impact. An interesting experiment conducted by Rivera and Tilcsik (Rivera and 
Tilcsik 2019) at a large North American university, found that the number of scale points 
used in faculty teaching evaluations-whether lecturers were rated on a scale of 6 versus a 
scale of 10-significantly affected the size of the gender gap in evaluations in the most 
male-dominated fields, so that women fare better in the 6 point scale than in the 10 point 
one. They suggested that the number of scale points affects the extent to which gender 
stereotypes of brilliance are expressed in quantitative ratings due to the cultural meaning of 
numbers. 
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2.3.1.6 Does blinded review reduce or eliminate gender disparities? 

144. Blinded review, which has been the standard in journal publication peer review, is an 
increasingly popular approach to reducing bias and increasing diversity in the selection of 
people and projects. The effectiveness of blinded peer review has also produced mixed 
results. Some studies have analysed the effect of blinding and found that it reduced 
reviewing bias with regards to personal characteristics of the author, including sex, 
friendship and/or intellectual conformity with the reviewer [(J. S. Ross et al. 2006), 
(Goldin and Rouse 2000), (Ross-Hellauer, Deppe, and Schmidt 2017)].   

145. However Kolev et al. (Kolev, Fuentes-Medel, and Murray 2019) explore its impact in a 
study of the innovative research grant proposals submitted to the Gates Foundation from 
2008-2017. They find that despite blinded review, female applicants receive 
significantly lower scores, which cannot be explained by reviewer characteristics, 
proposal topics, or ex-ante measures of applicant quality. By contrast, the gender score gap 
is no longer significant after controlling for text-based measures of proposals’ titles and 
descriptions (broad versus narrow words), suggesting that, in this case, differing 
communication styles are a key driver of the gender score gap.  

146. In a recent scoping review, Tricco et al.  (Tricco et al. 2017) screened more than 5,000 
citations and 170 full-text articles in health-related research, concluding that the research 
on the impact of gender-blinding of grant applications is extremely limited; they identified 
only one study in which 891 applications for long-term fellowships were included and 
47% of the applicants were women. These were scored by 13 peer reviewers (38% were 
women). The intervention included eliminating references to gender from the applications, 
letters of recommendations, and interview reports that were sent to the committee 
members for evaluation. The proportion of successful applications receiving grant funding 
led by women did not change with gender-blinding, although the number of successful 
applications that were led by men increased slightly.  

2.3.1.7 Negative organisational conditions 

147. In an interesting review, Heilman (Heilman 2001) identifies a number of organisational 
conditions that may hinder the valuation of women’s performance. Firstly, ambiguity 
in evaluation criteria: the more vague the judgment criteria, the more easily information 
can be distorted to fit preconceived ideas about capacity and performance; secondly, the 
lack of structure in evaluation and decision making processes; thirdly, ambiguity about the 
source of successful performance: there are some organisational conditions that blur the 
contribution of individuals, the emphasis on teams is a case in point if group work 
encourages attributional explanations that limit the degree to which women are seen as 
responsible for their success; fourthly, ambiguity about the reasons for past success: in this 
sense, affirmative action or diversity programmes may have unintended consequences in 
terms of perception of preferential treatment along the career. 
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2.3.2 Actors involved in the evaluation: Who evaluates? Who decides?  

148. Peer and panel review are the dominant modes of evaluation for research funding, and 
albeit being the final arbiter of what is valued in academia and in science, the method has 
been criticised in relation to criteria of reliability, fairness and predictive validity 
[(Bornmann and Daniel 2005), (Bornmann 2011)].  

149. Human decisions are classified as reliable when different persons come to the same or 
similar conclusions; applied to fellowships or grant awarding processes reliability refers to 
the degree of agreement among reviewers. A process of review of fellowhips or grant 
applications is fair when these are judge solely on the basis of scientific merit, and not on 
the personal characteristics of the applicants. Predictive validity refers to whether the 
“best” applicants are selected to receive the grants. Assesing the predictive validity of 
decisions requires an accepted criterion of scientific merit: a conventional approach is to 
use publications and impact metrics. 

150. The rationale for looking closely at evaluation committees lies in the possible existence of 
the so-called interaction effects. Because attributes of the applicants and attributes of the 
reviewers are potential sources of bias in peer review, both should be included in the 
empirical analyses. Sometimes the characteristics of the grant reviewers and dynamics in 
the panels (gender of reviewer and/or applicant, conflict of interest, panel agreement, etc.) 
matter to an extent of sufficient magnitude to change application scores from fundable to 
nonfundable (Tamblyn et al. 2018) . 

151. Peer review is a gate keeper. Merton (Merton 1973) called “the gate keeper” the fourth 
major role of a scientist, in addition to researcher, teacher and administrator. Gate keepers 
are in a key position to control or influence the entry to an area and the access to resources. 
In the context of research funding, gate-keepers refer both to fund awarding organisations 
as collective gate-keepers and to individuals who are involved in decision making bodies 
of such organisations.  According to the ETAN Network Report (2000)  (ETAN 2000), to 
a large extent, the gate keepers of research funding in Europe comprise middle-aged male 
academics, and this predominance applies even in countries, like Finland, where the 
proportion of women among professors is higher than in other European countries; this is 
also the case even in fields with strong women representation (European Commission 
2009). In a recent paper,   Murray et al.  (Murray et al. 2019), find evidence of a 
relationship between the demographics of the gatekeepers (journal reviewers) and authors 
in determining the outcome of peer review in the biosciences; that is, gatekeepers favored 
manuscripts from authors of the same gender and from the same country. 

2.3.2.1 The evaluation committe composition: Gender and proximity factors 

152. The literature on practices and procedures of grant allocation in RFO is limited. On the 
contrary, much of the literature of gender bias within committees refers to academic 
recruitment and promotion and the lower success rates of female applicants [(van den 
Brink, Brouns, and Waslander 2006) , (van den Brink 2010)]; it is possible draw relevant 
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insights from this work applicable to grant selection. According to this literature, women 
researchers are sometimes at disadvantage in academic recruitment due to insufficient 
network ties and gender biases among evaluators indicating that formal recruitment 
procedures allow space for mobilising informal, potentially gendered network ties. 
Moreover, as noted by Van den Brink et al. (van den Brink, Brouns, and Waslander 2006) , 
the male network is routinely used in selection and decision making as it is based on trust 
that male candidates have a lower risk level; although female panel members do the same, 
they are less successful as they remain a minority. 

153. In a study of academic hiring in Italy, Abramo et al. (Abramo, D’Angelo, and Rosati 
2016) argues that among the factors that determine success in a competition for an 
academic position, the number of the applicant’s career years in the same university as the 
committee member operated in favour of men. Being of the same gender as the 
committee’s president was also a factor that favoured male applicants. On the other hand, 
for female applicants, the presence of a full professor in the same university with the same 
family name as the candidate was a better predictor of success than for male candidates. 
However, their results showed that no gender-related differences occured among the 
candidates who benefit from positive bias, while among those candidates affected by 
negative bias, the incidence of women was lower than that of men. This finding is not 
aligned with part of the literature and the authors provide a number of explanations, 
arguing that if the concentration of male top scientists is greater than for women then one 
would in fact expect a greater concentration of discrimination against men. 

154. Much has been discussed about the need to increase the presence of women in review 
panels. It is often argued that the presence of women in review panels may improve the 
selection of female-led research projects; but whether the composition of panels indeed 
matters is an empirical question that has also been more addressed in relation to hiring, 
promotion and publication than to funding decisions, although some insights can be drawn. 

155. By means of an exploitation of a data set on research recruitment processes to entry-level 
positions in a leading Italian research centre operating mainly in the STEM fields, Checchi 
et al. (Checchi, Cicognani, and Kulic 2019)  show that bias against women is attenuated 
by the presence of a woman in the selection committee. However, the most important 
predictor for recruitment in their study is previous connections with the research centre, a 
mechanism which, due to the lower density of network links with the institute among 
female candidates, operates as a selection device discriminating against women. A similar 
result was reported by Sabatier et al. (Sabatier, Carrere, and Mangematin 2006) in a case 
study of the factors that speed up or slow down the progress of an academic career of 
French life scientists, where women had to demonstrate higher involvement in different 
networks in order to be promoted.  

156. In contrast, Bagues et al. (Bagues, Sylos-Labini, and Zinovyeva 2017) analysed how a 
larger presence of female evaluators affected committee decision-making using 
information on 100,000 applications to associate and full professorships in Italy and Spain. 
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These applications were assessed by 8,000 randomly selected evaluators. They found that a 
larger number of women in evaluation committees did not increase either the 
quantity or the quality of female candidates who qualify. Moreover, information from 
individual voting reports suggested that female evaluators were not significantly more 
favourable toward female candidates. Interestingly, male evaluators became less 
favourable toward female candidates as soon as a female evaluator joined the committee. 
But to the contrary, Van der Brink et al. (van den Brink, Brouns, and Waslander 2006) 
found a positive correlation between the success of women in the selection for university 
professors in the Netherlands and the number of women in the committees.  

157. Again, the evidence regarding whether the presence of female reviewers in the panel 
reduce gender bias is mixed and one can find support for claims in favour or against. For 
instance, Murray et al.  (Murray et al. 2019)  reports, in a study of publications in the 
biosciences, that the acceptance rate for manuscripts with male last authors was higher 
than for female last authors, and this gender inequity was greatest when the team of 
reviewers was all male, and that mixed-gender gatekeeper teams lead to more equitable 
peer review outcomes.  But in the area of grant funding, based on reviews of around 15000 
grant proposals to the economic programme of the National Science Foundation, Broder 
(Broder 1993) presented evidence of significant differences in the reviewing of female 
and male authors by male and female referees but in the opposite direction. Even 
when author quality was controlled by comparing ratings on the same proposal, female 
reviewers rated female-authored proposals lower than did their male colleagues while no 
gender differences in the review of male proposals was observed.  These results still hold 
when controls for institutional affiliation were also included.  

158. Other empirical evidence about the impact of researcher’s gender on peer review of grant 
proposals found no significant effect; Mutz et al. (R. Mutz, Bornmann, and Daniel 2012) 
evaluated the grant peer review process at the Austrian Science Fund with respect to 
gender over 10 years (8,496 research proposals across all disciplines, rated by more than 
18,000 reviewers in almost 24,000 reviews); they found that the final decision was not 
associated with applicant’s gender or with any correspondence between gender of 
applicants and reviewers, but that the approval probability decreased (up to 10%), when 
there was parity or a majority of women in the group of reviewers, with no significant 
effect of the gender of the applicant. 

159. Likewise, based on 10,023 reviews by 6,233 external assessors of 2,331 proposals from 
social science, humanities, and science disciplines, Marsh et al.(Marsh, Jayasinghe, and 
Bond 2011) found, moreover, that these non-effects of gender generalised over reviewer’s 
gender (contrary to a matching hypothesis), discipline, reviewers chosen by the researchers 
themselves compared to those chosen by the funding agency, and country of the reviewers. 
It might be the case that the role of gender composition of the committees is confounded 
with the role of connections.  
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160. Two further elements have been shown to be relevant in academic promotion as well as in 
grant peer review; they might interact with gender and institutional proximity, or have its 
own independent effect. The first is the cognitive or intellectual distance between the 
knowledge embodied in the research proposals and the evaluators own expertise,  Some 
experimental research work has found [(Boudreau et al. 2016), (Gallo, Sullivan, and 
Glisson 2016)]  that evaluators systematically gave lower scores to research proposals that 
were closer to their own areas of expertise and to those that were highly novel; in other 
words, intellectually close applications were reviewed less favourably than distant ones;  
this was consistent with biases associated with bounded rational evaluation of new ideas 
and inconsistent with intellectual distance being associated with private interest of 
evaluators. Interestingly, reviewer and applicant seniority could influence this relationship, 
suggesting social networks could have subtle influences on reviewer scoring. The main 
methodological limitations of some of this research are the lack of randomisation of the 
reviewers’ samples, and the self-assesed nature of the reviewer expertise variable. 

161. The second element is precisely the role of social connections; a study recently reported 
in Nature news (17th april 2019) examined more than 28,000 reviews from nearly 13,000 
Swiss National Science Foundation applications by about 27,000 peer reviewers from all 
disciplines between 2006 and 2016. The findings were that reviewers nominated by 
applicants were more likely to give these applicants higher evaluation scores than referees 
chosen by the SNSF  (Severin et al. 2019) in line with Marsh et al. (Marsh, Jayasinghe, 
and Bond 2011).  

2.3.2.2 Cognitive factors and stereotyping 

162. One of the sources of gender bias in judgments is gender stereotyping. Stereotyping is a 
cognitive shortcut. When processing information, we tend to condider observations that 
match our stereotypical expectations as more veridical, reliable and informative than 
counter-stereotypical observations  (Ellemers 2018). Heilman distinguishes between 
despcritpive and normative stereotypes. Descriptive gender stereotypes promote gender 
bias because of the negative performance expectations that result from the perception that 
there is a poor fit between what women are like and the attributes believed necessary for 
successful performance  (Heilman 2012). This lack of fit model emphasises the role of 
negative performance expectations in gender biased evaluations. According to Heilman 
(Heilman 2001) information about successful past performance of women can change the 
perceived lack of fit derived from the descriptive aspect of gender stereotypes, but not the 
normative or prescriptive aspect of the stereotype, which is related to preconceived ideas 
about how women should be like.  

163. Most of the evidence on the topic of stereotyping is experimental. Heilman (Heilman 
2012) acknowledges that in the vast majority of studies on gender stereotypes no 
differences have been found in the reactions between female and male respondents; the 
finding is puzzling, and differences may be in the reasons, so that whereas men may have 
vested interests in keeping a dominant position, women may be gender biased due to social 
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comparison processes (the so-called “queen bee syndrome”[(Derks et al. 2011), (Derks, 
Van Laar, and Ellemers 2016)]. An alternative, more general explanation is that 
stereotypes are widespread in society and affect both men and women.  

164. In line with the latter explanation, in an experimental study of evaluations conducted 
among science faculty of research intensive universities to cover a laboratory manager 
position, Moss-Racussin et al. (Moss-Racusin et al. 2012) reported that women fare worse 
in evaluations than men even when the applicant gender was randomly assigned to 
identical CVs; science faculty were also more likely to hire and mentor the male student 
and to offer him a higher salary. Faculty gender did not affect bias and female faculty did 
not rate female students higher. Althouth this type of experimental literature is of value, 
one also needs to critically assess the limitations of some of the studies; for instance, 
sometimes respondents only evaluate one CV or one application (Eaton et al. 2019) so that 
the effect of individual scoring differences cannot be controlled for.  

165. Reuben et al. (Reuben, Sapienza, and Zingales 2014) studied the effects of stereotypes 
with an experimental market were individuals were hired to perform an arithmetic task that 
on average both genders performed equally well; they found that without any information 
about the candidate`s sex, both male and female subjects were twice more likely to hire an 
man than a woman;  discrimination survived if the performance was self-reported because 
men tended to boast about it whereas women underreport it; the discrimination was 
reduced, but not eliminated by providing full information about previous performance. 
Implicit stereotypes made employers biased against women less likely to take into account 
the fact that men on average boast more than women about their future performance, 
leading to suboptimal hiring choices.  

166. Also with an experimental design, Carli et al. (Carli et al. 2016) found that the higher the 
proportion of women in a scientific field, the more similar the stereotypes in that field were 
to stereotypes about women; their results were congruent with theories that report 
incompatibility of female gender stereotypes with stereotypes about high status 
occupational roles, since women were perceived to lack the qualities needed to be 
successful scientists. There is some evidence produced in relation to non-academic 
contexts in which it is shown that men’s and women’s academic performance have very 
different consequences in the general labour market. This is the finding of Quadlin et al. 
(Quadlin 2018) who report that there is penalty for high-achieving women and that this 
penalty is most concentrated among women who majored in mathematics. High-achieving 
women may be most readily penalised when they demonstrate achievement in STEM 
fields where they are underrepresented and expected to perform poorly. Their survey 
experiment indicates that these gendered patterns may be attributable to employers’ 
shifting standards for men and women job applicants; employers value competence and 
commitment among men applicants, but they privilege likeability among women 
applicants, ultimately creating liabilities for high-achieving women. 
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167. Another interesting result was reported by Steinpreis et al. (Steinpreis, Anders, and Ritzke 
1999) from a small experimental design with U.S. academic psychologists in which they 
sent CVs ostensibly submitted by men and women candidates for an assistant 
professorship and for tenure 6 . They found gender bias for both men and women in 
preference for male job applicants for the assistant professorship but not for the candidates 
who had already gotten early tenure, suggesting that stage of career might be a relevant 
factor.  

168. Among the theoretical explanations that have tried to explain stereotyping in evaluations 
is “role congruity theory” according to which, beliefs about scientists and women tend to 
be dissimilar whereas beliefs about men and scientists tend to be similar; this incongruity 
would affect the judgement of female scientists negatively regarding performance in a 
scientist role. Knobloch-Westerwick and colleagues [(Knobloch-Westerwick, Glynn, and 
Huge 2013), (Knobloch-Westerwick and Glynn 2013)] tested this idea in an experiment in 
which participants rated conference abstracts ostensibly authored by women or men, with 
authors’ associations rotated; the abstracts fell into research areas perceived as gender-
typed or gender-neutral. The results were that publications from male authors were 
associated with greater scientific quality, in particular if the topic was male-typed, and that 
the respondent sex did not influence these patterns. 

2.3.3  A divided literature 

169. An even impressionistic comparison of the amount of literature that claims that gender bias 
exists and persists with the literature that claims that it is diminishing or disappearing 
makes clear that the former is much larger. However, it is important to pay attention to 
rival explanations of gender gaps and be careful with inferring processes from outcomes. 
In a recent work Weisshaar (Weisshaar 2017) analyses tenure promotions in a sample of 
assistant professors in Sociology, Computer Science, and English departments across U.S. 
research universities, and show that  productivity measures account for a portion of the 
gender gap in tenure, but that a substantial share of the gender gap remains unexplained by 
productivity or by departments´caracteristics; she concludes that the unexplained variance 
is due to gendered inequality in the evaluation process. Apart from controlling for rival 
explanations, it is important not to fall in “sophisticated residualism” (S. Cole and 
Fiorentine 1991) whereby all unexplained variance is attributable to an unmeasured 
variable: discrimination7. 

170. Ceci and Williams (Ceci and Williams 2007) provide us with an overview of the empirical 
evidence up to then about gender bias in science. According to Ceci and Williams (Ceci 

                                                                      
6 In fact the documents recounted the career of a real woman psychologist who had been hired as an assistant professor 
and had gotten early tenure.  
7 Weisshaar (Weisshaar 2017) seems quite aware of this fallacy and acknowledges that gendered inequality comes from 
several factors, including evaluators not giving the same recognition to women and men for equal work quality 
(discrimination) but also from women’s self-selection into different career paths before the promotion takes place or inequality 
in networks and advocacy in a promotion candidate.  
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and Williams 2011) claims that women suffer discrimination in grant and manuscript 
reviewing and hiring rest on a set of studies undergirding policies and programs 
geared at remediation. In their view, more recent and robust evidence fails to support 
such claims. Their work has been controversial. 

171. Based on a review of the past 20 years of data, they suggest that some of those claims are 
no longer valid, and, if uncritically accepted as current causes of women’ lack of progress, 
can delay understanding of women’s underrepresentation. Moreover, Williams and Ceci 
[(Williams and Ceci 2015), (Ceci and Williams 2015)] based on some national randomised 
experiments in the U.S. find no evidence to support the idea of preference for male hiring 
for tenure track associate professorship but rather the contrary; they report a 2:1 preference 
for women by faculty of both genders and across math-intensive and non-math-intensive 
fields. They conclude that differential gender outcomes result from differences in 
resources attributable to choices, whether free or constrained, and that such choices 
could be influenced and better informed through education if resources were so directed. 
They deduce that the unequal position of women in science would be based on quality 
differences which is partly the product of own career choices and partly the product of 
discriminatory arrangements not in science but in society at large. As pointed out by Van 
den Beseelaar and Sandström (van den Besselaar and Sandström 2016) if this analysis is 
right, we are back from gender bias to performance differences. But others like Van der 
Lee and Ellemers  (R. van der Lee and Ellemers 2018) link these claims to what they call 
“individual merit ideology”. 

172. Although the argument that gender gaps in career advacement are mainly explained by 
differential performance and previous career choices may be analytically appealing, there 
is also evidence that the higher we go in the academic hierarchy, the more difficult is to 
disentangle performance and career differences from other factors that impede women’s 
entry into the most elitist ranks. In a interesting recent paper, Treviño et al. (Treviño et al. 
2018)  analyse differential appointments by gender to the rank of named professorships in 
a sample of over 500 management professors at tier one of American research universities. 
They find that after controlling for research performance and other factors associated with 
advancement, women are less likely to be awarded named professorships. Women had to 
score much higher in performance to receive an endowed chair; evidence on previous 
mobility weighs more heavily on women’s chances to secure a named chair than on 
men’s8. Moreover, the adverse gender effects were more acute when the endowed chair 
was awarded to an internal candidate than when they were awarded to external ones; this 
finding is interesting and consistent with research arguing that women require networks 
outside their own organisation to advance. 

                                                                      
8 In a qualititative case study of junior faculty research at large R1 US universities, Rivera (Rivera 2017) reports that 
committee members assumed that women whose partners held academics or high status jobs were not movable, whereas 
the same did not apply for male applicants whose relationship status were unfrequently discussed, or whose partners were 
assumed to be movable. 
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173. In sum, the literature has yielded heterogeneous results and whereas some show clear 
effecs of the various potential sources of bias, other find only moderate or weak effects; of 
course, the lack of common definitions, samples, methods etc. is the most likely 
explanation of such heterogeneity. In order to test causality of gender or institutional bias, 
the literature has increasingly introduced measures of performance into the analyses and it 
is slowly but more and more adopting experimental approaches based on randomised 
control trials. But the controversy is still evident.  As noted by Van der Lee and Ellemers 
(R. van der Lee and Ellemers 2018) the mixed nature of findings together with the 
methodological criticisms have led to some reluctance in accepting evidence on the 
existence of gender bias in academia, when the reality is that different studies focus on 
different situations and produce different outcomes. Yet in their paper, resistence to 
evidence against gender bias is made equivalent to resistance to evidence in gender 
inequality and disparities, and the two are different processes. 

2.4 Research grants’ impact on productivity and career advancement.  

174. To what extent is competitive research funding a key factor in the advancement of research 
and academic careers by gender and compared to those lacking such funding? Do the 
evaluation committees for hiring and promotion include the number, size or reputation of 
grants as part of the decision criteria? The main questions guiding the literature review in 
this section are: Does peer review in RFOs fulfill its objective of identifying the scientists 
with the best potential? How much of the advancement in career can be explained by 
having research grants compared to not having them or to showing high publication 
performance? Are there differences by gender? 

175. The advancement in careers and their explanatory factors is something strongly affected by 
the institutional context, which makes organisational level studies pertinent. For instance, 
selection and recruitment in tournaments models are not only based on the qualifications 
and achievements of applicant but also on who is competing with whom and for what 
position. In fact, we should distinguish between organisations that give importance to the 
researchers’ capacity of getting competitive funding in terms of career rewards from those 
which do not. Traditionally, teaching had a more prominent role than research in the 
valuation of academics. The balance is also affected by the research funding regime in 
each country. 

176. Women continue to be underrepresented in the higher academic ranks, and gender 
differences in promotion to tenure exists after controlling for demographic and 
productivity characteristics (Ginther and Hayes 2003) . Access to funding is one of the 
keys to success in academic careers, both for women and for men, providing essential 
support for research and publications. Indeed, the role of competitive funding is increasing 
in many European national settings and success in the competition for research funding is 
now often used as a measure of scientific excellence at both individual and institutional 
level (Husu and de Cheveigné 2010). As noted by van Arensbergen et al. (van 
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Arensbergen, van der Weijden, and van den Besselaar 2014) within recruitment, evaluation 
and promotion procedures, acquirement of external funding -and especially prestigious 
career grants- form an important criterion. In their view, skills and dispositions needed to 
acquire grants have been included in the academic habitus. Moreover, qualitative research 
has documented that competition in academia (especially regarding job security) leads to a 
high publication and grant pressure which are perceived as too high by early career 
researchers (Waaijer et al. 2018). 

2.4.1  Impact of grants on research performance  

177. The proportion of women authors in high profile research journals is substantially lower 
than the proportion of women receiving competitive grants  (Y. A. Shen et al. 2018). So 
even in the case of positive effect of grants on individual’s impact, we should not expect 
that the speed of both processes is aligned. There are a number of analyses of the impacts 
of external funding on individual research performance. Their focus is often the effects 
of grants on publications and collaborations, but to a much lesser extent on career. For 
instance, Jacob and Lefgren (Jacob and Lefgren 2011) find evidence of a limited positive 
impact of U.S. NIH grants on publications and citations, which they argue may be due to 
the access of researchers in general to other funding sources; Lee and Bozeman  (S. Lee 
and Bozeman 2005)  report a significant effect of receiving a grant on publication, and 
Gaughan and Bozeman (Gaughan and Bozeman 2002)  find such positive effects for public 
grants but not for private ones.  

178. One indirect effect of monitoring productivity after getting grants is to assess the “quality” 
(predictive validity) of the peer review processes. A few studies have investigated the 
quality of peer review for the selection of young scientists, but they have seldom 
included an analysis of the subsequent publication output of the applicants; an exception 
was Melin and Danell (Melin and Danell 2006); they examined the peer review process for 
the Individual Grant for the Advancement of Research Leaders (INGVAR) of the Swedish 
Foundation for Strategic Research. Their analyses of the “publication histories” of 40 
applicants show – in contrast to the results Bornmann et al. (2008)- only slight mean 
differences in scientific productivity between approved and rejected applicants. Similar 
results were reported by van den Besselaar and Leydesdorff  (van den Besselaar and 
Leydesdorff 2009), who evaluated the peer review process of the Council for Social 
Scientific Research of the Netherlands Organisation for Scientific Research. However, the 
results of this study focused on highly selected applicants, i.e. besides the approved, only 
the best rejected applicants. As noted by Bornmann et al. [(Bornmann, Mutz, and Daniel 
2008), (Bornmann, Wallon, and Ledin 2008)] large performance differences between 
accepted and rejected applicants would have been a surprise for these samples.  

179. Through the analysis of  the Long-term fellowships and the Young Investigators 
programme of the EMBO, Bornmann et al. (Bornmann, Wallon, and Ledin 2008) 
investigated the association between the selection decisions and future scientific 
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performance of the applicants. They found that, although for a part of the applicants, the 
selection committee did not correctly estimate the applicant’s future performance 
(underestimation of rejected candidates was much higher than overestimation of approved 
candidates, which is expectable in calls with low success rates), there was a statistically 
significant association between selection and performance when quantity and impact were 
used as criteria of achievement. 

180. Therefore, the review of the literature does not allow for strong statements about the 
effects of grants on performance. On the one hand, it is important to distinguish quantity of 
publications from impact; for instance, based on data on applicants to various Danish and 
Norwegian grant schemes Langfeld et al. (Langfeldt, Bloch, and Sivertsen 2015), showed 
higher increases in the number of publications for grant recipients than for rejected 
applicants, while increases in mean normalised citation rates were not significantly higher 
for the successful applicants; the grants seemed to have increased productivity, e.g. by 
helping PIs to add staff to their research teams, but not to have influenced the importance 
of the research as measured by average citations. However, along with increases in the 
number of publications also came a greater increase in the number of highly cited papers 
for grant recipients than for rejected applicants9. 

181. On the other hand, in this type of analysis, one has to acknowledge that it cannot be ruled 
out that the applicants who received research funding may have published more 
subsequent to application precisely because they received funding and not necessarily 
because the committee made the right choice about who received funding. There is 
circularity to this issue that should be considered in studies investigating grant peer 
reviews and grants’ impact on performance. The endogeneity of research funding and 
research output and the fact that causality is likely to go both ways have been noted by 
Sandström  (Sandström 2009b) among others. 

182. To control in the statistical analysis for the influence of funding on subsequent 
performance, information is needed on alternative funding of the rejected research and 
rejected applicants. The applicants’ complex landscape of multiple projects and grants 
makes it difficult to isolate the impact of a single grant. This poses limitations to the use of 
bibliometrics for measuring the impact of smaller grants (Langfeldt, Bloch, and Sivertsen 
2015). 

2.4.2  Indirect effects of funding on increasing collaboration networks 

183. Assessing the impact of research funding on the performance of researchers is a difficult 
task, as their grants’ output is influenced by a series of factors including seniority, gender, 
collaboration and geographical location of their host institution.  

                                                                      
9  The literature typically categorises rejection decisions by selection committees as type I errors (falsely drawn approval) or 
type II errors (falsely drawn rejection). With type I error the committee overestimates the potential of an actually approved 
candidate, and with type II errors the committee underestimates the potential of an actually rejected candidate. In the 
empirical literature, the errors are typically detected by studying performance approved and rejected candidates at a later 
point of time. 
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184. Pina et al.  (Pina et al. 2019) have analysed publication and citation output of ERC Starting 
and Advanced grantees and their collaboration networks in a cohort of 355 grantees from 
life sciences in the years 2007-2009.  They show that while senior grantees had overall 
greater publication output, junior grantees had significantly a greater increase in their 
number of publications after the award. The collaboration networks increased for all 
grantees, although more for juniors. Differences in performance of grantees before and 
after the award were not related to gender, although male junior grantees had more 
publications than female grantees before and after the grant award.  Junior grantees located 
in lower research-performing countries published less and had less diverse collaboration 
networks than their peers located in higher-performing research countries. The authors 
concluded that the research environment had greater influence on post-grant award 
publications than gender, especially for juniors. 

185. When analysing the impact of grants on productivity the institutional level is relevant as 
well. In a study of the NIH research project grant funding to institutions, Wahls (Wahls 
2018) reports that scientific output is not a linear function of amounts of federal grant 
support to individual investigators; as funding per investigator increases, beyond a certain 
point, productivity decreases. Interestingly, prestigious institutions had on average 65% 
higher grant application success and 50% larger award sizes whereas less prestigious 
institutions produced 65% more publications and had a 35% higher scientific impact per 
dollar funding, suggesting that implicit biases and social prestige mechanisms have a 
powerful impact on grant funding allocation. 

2.4.3 Impact of grants on career advancement 

186. The literature on the impact of grants on careers is limited. Evidence gathered by the 
Euroepan Commission (European Commission 2014) reveals that Marie Curie fellowships 
(MC) have definite beneficial impacts on researchers’ career prospects. A comparative 
analysis of Marie Curie fellows and researchers from a control group (CG) shows that MC 
fellows achieve professorship more frequently than others and are more likely than the CG 
of leading a team of researchers. The study confirmed the existence of a gender gap in 
research, which is apparent in many areas such as: less mobility, difficulties in reconciling 
work and family life, less salary and career progress, etc. Marie Curie Fellowships appear 
to have some impact in closing the gender gap, for instance with respect to: chances of 
being appointed associate professor, full professor or principal investigator, resuming an 
interrupted career, number and quality of publications, and access to international research 
funds. 

187. Positive career effects were also reported by Bloch et al. (Bloch, Graversen, and Pedersen 
2014) in their study of applications and awards of grants to independent research projects 
in Denmark during 2001-2007. They used propensity score matching of successful and 
rejected applicants and found that the probability of obtaining a full professorship for grant 
recipients was almost double that for rejected applicants (16% versus 9%); women had 
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higher probability of becoming a full professor (p.91). As the authors rightly point out, 
whether career advancement comes directly from the receipt of grants, indirectly through 
increased publication and stronger networks, or via other factors, like recognition or 
reputation, is difficult to determine. 

188. However, in a report of the EMBO long-term fellowships, Klaus and Alamo (Klaus and 
Alamo 2018) have evaluated the accuracy of the evaluation system firstly, by comparing 
the level of career progression of the candidates in 2017 with the original award decisions 
ten years before, and secondly, by exploring the relationship of career progression with 
indicators derived from the information available to evaluators at the time of application. 
The results suggest that the peer review system is not substantially better than random 
selection once a pre-selection of the most promising applicants is performed; findings also 
show that among other potential sources of uncertainty, the information available at the 
time of application is not sufficiently predictive of career progression. What they did find 
was clear differences in career progression between men and women. However, as regards 
predictive validity of peer review it is also possible to find in the literature evidence in 
support of such validity, like the one reported by Bornmann and Daniel 2005 with respect 
to the B.I.F fellowships, although in that paper they only studied successful applicants. In 
the area of medicine, Holliday et al. (Holliday et al. 2014) studied 82 oncology 
departments and found that men were more likely to be senior faculty and receive NIH 
funding. After stratifying for rank, these differences were largely non significant. They 
also found a systematic gender association, with fewer women achieving senior faculty 
rank. However, women achieving seniority had productivity metrics comparable to those 
of male counterparts.  

189. Time to promotion is a very informative feature of career advancement and it has been 
found to be longer for female than for male academics in a number of studies (for instance 
at Canadian universities (P. Stewart, Ornstein, and Drakich 2009)) even controlling for 
personal attributes such as career breaks and publication history (Ward 2001), although no 
significant differences have been reported for other countries (Sanz-Menéndez, Cruz-
Castro, and Alva 2013).  

190. In a longitudinal study of applicants to an early career program of a Social Science Council 
in the Netherlands, Van den Besselaar and Sandström (van den Besselaar and Sandström 
2016) investigate whether gender differences (small or non-existent at the time of 
application) emerge at a later stage in the career and whether gender career differences 
have occurred, and if so, if they can be explained by performance differences. They find 
that, after a decade, the productivity of male researchers has grown faster than of female 
researchers but the citation impact indicators remain about equal. Furthermore, they 
observe that although performance data explain to some extent faster careers of male 
researchers, gender is an important determinant too. They conclude that the process of 
academic hiring still remains biased.  
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191. Dynamics of time to promotion and career attrition by gender are very much affected 
by the national and institutional context and this is why we find differences in the degree 
of advancement towards greater equality. U.S. research universities constitute perhaps the 
institutional context for which differences between genders in faculty retention are less and 
less acute [(Kaminski and Geisler 2012), (Box-Steffensmeier et al. 2015)] although in 
promotion to full-professor important differences persist (Box-Steffensmeier et al. 2015) . 

192. There are very few longitudinal studies of research funding. An exception is the study of 
NIH funding longevity by gender (Hechtman et al. 2018) in which they study funding 
trajectories over time (n=34,770). A survival analysis demonstrated only slightly lower 
funding longevity for women and contradicted the common assumption that women 
experience accelerated attrition compared with men across all career stages. The findings 
suggest a need to explore women’s underrepresentation among initial NIH grantees, as 
well as their lower rates of new and renewal application submissions. 

2.4.4 Impact of grants on the autonomy of researchers versus the management and 
external elites 

193. There is a substantial literature on the changing dynamics of research funding and 
authority relations within research organistations over the last decades [(Whitley 2011), 
(Gläser and Velarde 2018), (Gläser and Laudel 2016)] a review of which would exceed the 
scope of this report. However, it is important to highlight that universities and research 
institutes can be characterised as autonomous organisations in which the decisions 
regarding what lines of research to pursue as well as the control of the research process lies 
mainly with the researchers and research groups, who enjoy a high degree of strategic 
autonomy (Scott 1965). Scientific standards are established externally by the professional 
or scientific community and hiring is structured around scientific committees dominated 
by and even exclusively composed of researchers. Career rewards and promotions are 
allocated mainly on the basis of the perceived contribution of individual candidates to the 
field in committee-based processes.  

194. The dominance of the professional authority in universities and research institutes is 
further enhanced if administrative management control over collective resources is limited. 
This limitation may have two sources: firstly, the formal delegation of the control of 
scientific infrastructure and other collectives to scientific directors and researchers; 
secondly, the existence of individual discretion over funding resources obtained externally 
by researchers themselves, from individual projects or contracts.  

195. To study the impact of grants on careers, it is also important to distinguish between types 
of funding (Cruz-Castro and Sanz-Menéndez 2018). In general, increases in individual 
project funding for individuals working in universities and research institutues will 
reinforce the position of researchers vis à vis managers and the autonomy of the former. 
Additionally, when individual researchers succeed in obtaining external funding they may 
not only maintain or increase their autonomy from managers but also gain leverage to 
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negotiate additional resources such as academic positions or institutional funding to 
support their agendas, feeding cumulative advantage processes. But even in this type of 
research settings, where structure places considerable control and discretion in the hands of 
researchers, larger shares of external competitive individual project funding will also 
reinforce the foundations of the “republic of science”, including the reputational 
competition, with the consequent shift in the influence of scientific elites over subsequent 
individual rewards. The extent to which increases in individual project funding will 
produce careers which are more autonomous, will also depend on who effectively controls 
the tenure system typical of this type of research organisations. 

196. Different forms of individual project funding will also shape the sharing of authority: 
while curiosity-driven project funding will reinforce the authority of researchers mainly 
because of asymmetries of information, priority set and oriented public research funding or 
industry funding will provide external actors with more influence over research agendas. 

2.5 Gender equality policies and organisational interventions. 

197. Most policy recommendations in this area tend to focus either on demand (increasing 
organisational transparency, formalisation and accountability to reduce bias) or supply 
(interventions to encourage women to apply). However, the supply-side approach 
(training, networking, mentorship for women) has important limitations if not matched 
with organisational practices. The review of the literature suggests that effective policies 
should consider both. A further distinction can be made between policies aimed a changing 
the process of application and evaluation and those aimed directly at the outcome. The 
majority of the policies fall on the first type although often the policy and academic 
discourse about diagnosis and policy solutions is mixed with claims about desired 
outcomes. As in the rest of the topics, there are problems of clarity in the concepts and 
definitions surrounding policy action. A recent briefing paper from the project Gender 
Action states that there is a tendency to restrict gender equality to female participation in 
research or to ensuring work-life balance, but as stressed by Kalpazidou Schmidt and 
Cacace  (Kalpazidou Schmidt and Cacace 2017) it is important to understand gender 
equality policies as complex processes, the outcomes of which depend on the interaction of 
a multiplicity of variables in dynamic contexts leading to the adoption of 
multidimensional, complexity frames of reference for impact assessment. 

198. Gender Equality (GE) policies are perceived as necessary in order to create more 
opportunities for upward career mobility for women. At the same time, both men and 
women sometimes argue against these policies due to issues of reverse discrimination and 
quality loss that they raise, leading sometimes to a dilemma between gender equality on 
the one hand, and merit and individual advancement on the other. Van der Brink and 
colleagues [(Van den Brink and Stobbe 2014), (Van den Brink and Benschop 2014)] argue 
that the “support paradox” provides a discursive tool to counter this dilemma that finds its 
roots in a strong belief in the meritocracy and blindness for the genderedness of the 
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meritocracy and academic careers. Maybe here is it important to bear in mind that biases 
are a threat to meritocracy too (European Commission 2017). 

2.5.1 Design and content of the instruments (calls) 

199. From the point of view of the funders, the design of the calls may also be an area of 
intervention. An example is provided by Escobar Alvarez et al. (Alvarez et al. 2019): the 
Doris Duke Clinical Scientist Development Award (CSDA); in 2016, the request for 
applications and review guideline documents of this award were revised to clearly 
articulate attributes held by successful applicants and evaluation criteria that used 
objective, non-gendered language. These materials were revised to minimise use of words 
that were thought to be implicitly associated with traditionally masculine traits. For 
example, the phrase “leadership potential” was changed to “promise to make significant 
contributions”, “importance” to “influence”, “innovation” to “originality”, and “creativity” 
to “inventiveness.” Magua et al. (Magua et al. 2017)  have confirmed these types of 
gendered associations of certain words in the NIH peer review.  

200. This reported case is quite interesting because the funder used the application to encourage 
institutions to consider gender equity in applicant salaries and raised awareness about the 
issue. Department chairs were asked to provide the applicant's salary quartile range relative 
to those at the same faculty rank in the department. Applicants' salary quartiles showed a 
gender gap between women and men who entered the competition. This question was not 
used in the application review. Additionally, guidelines were changed to ask 
recommenders to address the applicants objective research records and avoid references to 
personal circumstances like gender, age, work-life balance or roles outside the professional 
setting. 

2.5.2 Addressing family factors 

201. Parental eligibility clock stopping policies have become widespread in RFO calls. These 
policies can be classified into two main types: policies that only apply to mothers, and 
policies that are gender-neutral and apply to both sexes. One has to be cautious when 
advocating for this type of gender-neutral policies because there is evidence of unintended 
effects. For instance, data gathered at 50 economics departments in a 15 years period in the 
U.S. shows that gender-neutral tenure clock-stopping policies substantially reduced female 
tenure rates while substantially increased male tenure rates  (Antecol, Bedard, and Stearns 
2018); the primary mechanism driving these results appeared to be that men published 
more in top 5 journals after the implementation of the policies whereas women did not; 
however, the policy did not reduce the fraction of women who eventually earned the 
tenure, but increased duration. In 2010, almost a decade ago, the ERC implemented some 
measures-such as increasing the window of grant eligibility for applicants with children-
after which the number of female applicants increased, as did the number of male 
applicants, so the gap did not narrow (at that point female application rates were 29% for 
early career grants and 15% for advanced grants). These findings suggest that gender 
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neutral clock stopping policies may not adequately account for the gender-productivity 
losses associated with having children. 

2.5.3  Awarness and information, education and learning from evidence 

202. Behavioural sciences have paid much attention to interventions in organisations to mitigate 
bias but have also signalled the limited empirical evidence of what works in systemic 
interventions to promote the advancement of a non dominant group at the top of the 
organisational hierarchy  (Vinkenburg 2017). Many diversity interventions assume a link 
between educating participants about the existence of bias and a reduction in biased 
attitudes and behaviour. Allegedly, scientists are trained to evaluate and interpret evidence 
without bias or subjectivity; to the extent that research illustrating gender bias in STEM is 
viewed as convincing, the culture of science can begin to address the bias. Handley et al. 
(Handley et al. 2015)  address precisely the question of whether men and women are 
equally receptive to this type of evidence by means of a randomised double blind 
experiment comparing samples of the general public, STEM and non-STEM faculty. 
Results across experiments showed that men evaluate the gender-bias research less 
favourably than women, tend to be more vocal about it than women, and, of concern, that 
this gender difference was especially prominent among STEM faculty. Moreover, Moss-
Racussin et al. [(Moss-Racusin, Molenda, and Cramer 2015), (Moss-Racusin et al. 2016)] 
demonstrate that showing evidence of bias can bring about positive outcomes as well as 
reactive justifications.   

203. As in other parts of the literature, scholarly work about gender equality policies and 
intervention in organisations is mostly descriptive; however, it is possible to find some 
recent experimental papers using randomised trials which report interventions to increase 
gender bias awareness in academic departments; for instance, Devine et al. (Devine et al. 
2017)  studied hiring rates of new female faculty and found that the proportion of women 
hired by intervention departments increased by 18%. Likewise, Sekaquaptewa et al. 
(Sekaquaptewa et al. 2019) showed that attendance to faculty recruitment workshops led to 
greater belief in evidence-based descriptions of gender bias, although their approach was 
not experimental. Given the mixed nature of evidence, we should acknowledge the 
limitations of bias awareness as a prejudice-reduction tool. 

204. Well-oriented interventions should pay attention to the underlying cause of 
discrimination, where it exists. Bohren et al. (Bohren, Imas, and Rosenberg 2019) 
distinguish between belief-based discrimination and preference-based discrimination 
(taste-based discrimination in Becker’s terms). When initial beliefs favour men, a woman 
needs to produce higher quality output in order to overcome disparity in beliefs and receive 
a similar evaluation as a man; according to these authors, this type of discrimination may 
be mitigated with information about past performance, especially if the evaluators are 
aware of the women’s need to meet a higher standard, in a kind of compensating 
mechanism. In contrast, if discrimination is caused by a preference against women, then a 
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woman who receives a similar sequence of evaluations will continue to face discrimination 
in future periods, and discrimination will persist even when quality is perfectly observable. 
In the paper, it is shown that belief-based partiality decreases when judgement criteria 
becomes more objective, whereas it remains constant if the partiality is preference-based. 
What this work highlights is the importance to take into account the dynamic nature of 
discrimination, and the possibility that learning takes place in successive evaluations. 

2.5.4  Addressing gender stereotypes: what organisations can do? 

205. As we have mentioned, the literature points to some ways to deter gender bias arising 
from descriptive gender stereotypes (Heilman 2012). The first relates to precluding 
negative expectations; perceptions of lack of fit can be lessened if gender stereotypes are 
not activated in a given situation. Organisations can influence activation due to structural 
features of the workplace. The proportional representation of women in work settings is 
one such contextual feature. Gender is made salient by numerical scarcity and there is 
evidence that increased proportional representation of women in the applicant pool 
favourably affects women’s performance evaluations  (Sackett, DuBois, and Noe 1991). 
The second relates to reducing ambiguity in the evaluation process; there are many ways in 
which organisations can act to lessen or even eliminate ambiguity: collecting and 
providing evaluators comprehensive job-relevant information can forestall the tendency to 
use expectations to ‘‘fill in the blanks’’; making the criteria for evaluation concrete, and 
making sure they are used in the same way no matter who is being evaluated, can avoid the 
possibility of using different criteria for different people (Heilman 2012).  

206. Thirdly, obtaining individual performance information when work is done in a group can 
prevent the attributional rationalisation that causes women to be denied credit for their 
successes (Heilman 2012). Finally, organisations may reduce bias by increasing the 
motivation to be accurate through accountability (a mechanism already highlighted by 
Reskin (Reskin 2003)). It should be noted that making evaluators accountable does not 
always have the effect of decreasing bias in evaluative judgments; this only occurs if 
motivations to be accurate due to accountability is compatible with social approval. If 
organisational culture supports gender bias, biased evaluative judgments may still result; in 
those cases the motivator is not accuracy but the need for approval of the rest of the panel 
or the organisation at large. 

207.  Interventions to prevent gender bias should be adapted and tested in the context of grant 
peer review to determine if they will have an impact. Prescription-based gender bias is less 
responsive to contextual interventions or organisational efforts to reduce its effects through 
the provision of information.  

2.5.5 Gender quotas 

208. Gender quotas are one of the most commonly used policy measures to promote gender 
equality and in some countries, they are legally mandatory, but as we have seen in section 
2.3 the empirical evidence of their effects is not clear-cut. In a recent paper, Voorspoels 
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and Bleijenbergh (Voorspoels and Bleijenbergh 2019) highlight the importance of the 
implementation practices of the quotas, arguing that a strictly procedural sense-making of 
gender quotas could undermine women´s representation in university decision making. 

209. The European Commission committed to reaching 40% female participation in its advisory 
structures for Horizon 2020, the current research funding programme; but statistics 
collected by the European Research Council suggests that quotas are no magic wand to 
bring about gender equality in research and academia; aggregating data for 2008-2012 the 
ERC found no correlation between the percentage of women on its evaluation panels and 
the success rates of female applicants (Vernos 2013). Another concern in ERC funding has 
been the female slightly lower success rate, but there was no correlation between success 
rates of female applicants and the gender balance of evaluation panels (Van den Beselaar, 
forthcomming). Some argue that quotas would place greater demand on the small pool of 
female scientists who serve on those panels-possibly enough to hinder their career progress 
(Zinovyeva and Bagues 2015). 

210. The mix nature of the evidence presented in section 2.3.2 calls at least for caution when 
drawing policy implications. As noted by Broder (Broder 1993) institutions, including 
NSF, have tried to solicit female reviewers for female proposals to avoid potential male 
bias against women.  Her work however, suggests that this type of policy might have 
lowered women's opportunities rather than raised them and may account for some part of 
the underrepresentation of women in the senior ranks of the economics profession in U.S.. 

2.5.6 Gender diversity management 

211. Gender diversity (Fortunato et al. 2018)  has been claimed to lead to better science 
(Mathias Wullum Nielsen et al. 2017). Many policies are oriented to increasing gender 
diversity in scientific organisations, yet its impact still requires a lot of research and 
evidence. In relation to academic hiring and based on a dataset combining a survey of 
department chairs and their performance indicators, Su et al.  (Su, Johnson, and Bozeman 
2015)  investigate the organisational determinants of gender diversity strategies in the 
STEM fields and find that women chairs prove less likely to pursue a gender diversity 
strategy, and that more female faculty members hardly increase the likelihood of adopting 
such a strategy. The authors argue that the findings require care in interpretation because in 
cases where there are more women, the perceived need for adding women may be 
lessened. As such, gender diversity strategy may be compensatory in nature. In any case, 
the study underscores the need for richer theories about recruitment of women STEM 
faculty. Others like Stweart and Valian  (A. J. Stewart and Valian 2018) argue in favour of 
what the call “an inclusive academy” developing the argument that excellence and 
diversity –especially gender- are not contradictory. 

212. Should female leadership or gender composition of the teams be a criterion for grant 
allocation? Advocates of this type of measures argue that only research teams that show 
diversity should be funded (O’Connor and Fauve-Chamoux 2016) and that if committees 
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(especially transnational ones) use criteria such as location or country to balance success 
outcomes, then why should not gender balance be a policy rationale just as valid? But this 
is a political question, not a scientific one.  

213. The need for better theories also applies to the implementation of affirmative action and 
gender equality policies aimed at increasing the representation of women in academic 
organisations; very broadly, we can find two opposing theories; whereas social contact 
theory predicts that social prejudice and stereotypes are less likely to flourish when cross-
group interactions are high, competition theory links increases in the size of a minority 
group to increases in the levels of intergroup hostility and conflict. So the question is 
whether changes in group proportions lead to integrative versus competitive dynamics. 
Although rather outdated, evidence from the 80s showed that, for U.S. academic 
departments, as the proportion of women in a department grew, turnover among women 
also increased, confirming the prediction that increases in the relative size of a minority 
could result in increased intergroup competition increasing the likehood of their leaving 
the group (Tolbert et al. 1995). This work also suggested, however, that as the proportion 
of women faculty reached a threshold of about 35%-40%, female turnover began to 
decline. 

214. But the academic career has several stages and the effects of diversity might no be 
homogenous across different stages. Although the public discourse in science education 
policy has very much stressed the “leaky pipeline” problem, less attention has focused on 
experimentally testing solutions to the problem. Dasgupta et al. (Dasgupta, Scircle, and 
Hunsinger 2015) report an experiment investigating one solution: the creation of 
microenvironments (small groups) in engineering with varying proportions of women to 
test which environment increased motivation and participation and whether outcomes 
depend on women’s academic stage. Their data suggest that creating small groups with 
high proportions of women in otherwise male-dominated fields is a way to keep women 
engaged and aspiring to engineering careers. 

215. Some mentoring programmes rest on a similar rationale. For instance, Leenders et al.  
(Leenders, Bleijenbergh, and Van den Brink 2019) conduct interview and focus groups 
based qualitative research exploring how the process of transformational change through 
mentoring programs works to change gendered organisational norms and work practices: 
1) by discussing and reflecting upon gendered organisational norms and work practices, 2) 
by creating new narratives of the “ideal academic”, and 3) by experimenting with new 
work practices. The case study is interesting although the particular university is a 'best 
practice' one with the highest share of female professors. 

216. Experiments have also been developed on this issue. For example, Dennehy and Dasgupta    
(Dennehy and Dasgupta 2017) addressed the issue providing evidence from a multiyear 
field experiment demonstrating that female (but not male) mentors protected women’s 
belonging in engineering, self-efficacy, motivation, retention in engineering majors, and 
postcollege engineering aspirations. Counter to common assumptions, better engineering 
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grades were not associated with more retention or career aspirations in engineering in the 
first year of college. Notably, increased belonging and self-efficacy were significantly 
associated with more retention and career aspirations. The benefits of peer mentoring 
endured long after the intervention had ended, and continued for the first 2 years of college 
-the window of greatest attrition from science, technology, engineering, and mathematics 
(STEM) majors. Thus, same-gender peer mentoring for a short period during 
developmental transition points promotes women’s success and retention in engineering, 
yielding benefits over time. 

2.5.7 Changing rules and institutions 

217. As this review has shown, some of the underlying dynamics in women applying less and 
getting fewer research grants are structural. Many of the gender differences in application 
behaviour are rooted in higher education institutions’ employment practices. 
Underrepresentation of women in senior positions is a persistent problem in universities 
worldwide. The opacity of the decision making processes is one of the main problems that 
scientific institutions face when implementing gender equality policies. The introduction 
of tenure track in systems previously lacking it may be a strategy to combat this situation 
assuming that this type of systems are guided by a set of explicit and transparent criteria. 
In a case study of a Dutch university, Bakker and Jacobs (Bakker and Jacobs 2016) 
described how chances to being promoted to higher levels were already fairly equal before 
the introduction of a tenure track system, and improved more for women than for men 
afterwards. However, they conclude that since promotion rates are small compared to the 
total amount of staff, current distributions of men and women will exhibit a considerable 
degree of inertia, unless additional affirmative action is taken; and we could add: or unless 
promotion rates are increased. 

218. In a similar vein, one might think that the introduction of centralised habilitation systems 
in which merit is measured via bibliometric and non bibliometric indicators may yield 
lower gender gaps than evaluations made at the university level where there may be more 
discretion and less transparency. Marini and Meschitti (Marini and Meschitti 2018) tested 
this hypothesis for Italian universities (where, as in Spain, tenure and promotion are 
obtained in a two step process) and found that among those who obtained the national 
accreditation and at parity of other conditions and scientific production, men had around 
24% more probability to be promoted at the second step, which, in their opinion, revealed 
a relevant gender discrimination at the local level. In any case, this finding highlights the 
importance of taking the organisational level into account. The set up of a tenure system 
might not suffice; as stressed by Fox (Fox 2015), even in systems with long history of 
university tenure there is variation in the perceived degree of clarity of criteria for tenure 
and promotion decisions among faculty. 

219. Given the limitations of peer review with respect to bias, some authors have made the case 
of the possible benefits of using the lottery as an alternative allocation mechanism that 
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would increase epistemic diversity, fairness and impartiality. Althoug he does not mention 
gender bias, Roumbanis (Roumbanis 2019) suggests that funding agencies could form a 
pool of funding applicants with certain qualification levels (a simpler form of peer review) 
through which proposals of poor quality are excluded and then select randomly from that 
pool. The most common objection for using a lottery is that it does not take qualifications 
into account and that the overall quality of granted proposals would be lower. Since there 
are hardly any funding agencies10 that use such method, the empirical testing of such claim 
is yet to be tried. Apart from the alledged potential quality losses, the adoption of lottery 
mecahisms for grant allocation may imply a kind of moral defeat in giving up the 
possibility of changing organisations and institutions. 

220. From a more positive perspective, Stewart and Valian (A. J. Stewart and Valian 2018) 
outline a few valuable general principles on how to create institutional structures that 
enhance desirable changes. Firstly, the need to focus on policies and practices; for them, 
despite the common temptation to focus policies on education and attitude change 
(increasing knowledge), changing peoples’ beliefs and deep-rooted attitudes is extremely 
difficult and may even appear as associated to a kind of social engineering that is unlikable 
to most academics; they recommend to mitigate biases on the ground, through policies and 
practices that buffer their negative impact, rather than trying to change the biases 
themselves.  

221. Secondly, efforts to produce desired institutional outcomes (e.g. fair decision making in 
allocation processes) should be grounded in social science knowledge and on the evidence 
in place about what triggers change and what does not. For instance, transparency about 
policy, diffusion of information, monitoring impact and demanding accountability, are 
essential to policy implementation, especially in areas where the key actors need to be 
engaged. Thirdly, although there may be cases of best practices from which to learn, 
policies and practices are local and cannot be imported from one organisation to another 
and expect that they will have the same impact. Finally, the authors call for a pragmatic 
“change what you can, where you can” principle; radical change is rare in organisations, 
but incremental and/or partial changes are not; some change, as far as it sets a process in 
motion, is better than none. 

                                                                      
10 Roumbanis (Roumbanis 2019) mentions the “Explorer Grants” awarded by the Health research Council of New Zeland, 
and a recent pilot study of the Volkswagen Foundation in Germany called “Experiment!” in which proposals in the same call 
are divided into two groups after a screening by the Foundation staff (one goes into the peer review track and the into in the 
the lottery), and the same number of proposals are selected for funding by each method; the objective is to evaluate the 
outcome of this trial in the future. 
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3 IMPLICATIONS FOR THE PROJECT: FINAL 
REMARKS  

222. Individuals in organisations. We believe it has been made clear that we cannot address 
the issues of discrimination and bias if we only analyse the characteristics of individuals 
and evaluators. We also need to know the features of the organisations, their processes and 
practices in depth.  

223. To compare the differences, the segmentation or the discrimination in the allocation of 
grants to female researchers requires incorporating the study of the granting organisations 
and their practices, as well as the existing structures of opportunities often derived from 
previous segregation.   

224. Additionally, it is not possible to draw general conclusions about the “disparities or 
discrimination” (in the allocation of grants) on the basis of a particular RFO. It is also 
necessary to build a research design that includes a comparative analysis of the operation 
of the different funding instruments.  

225. Individual actions in organisational contexts. Who gets what (grants, jobs, etc.) is the 
product of the actions of individuals and the organisational practices of the different 
RFO that constrain and are circumvented by individuals to varying degrees; therefore, we 
must design our studies to capture variability of such practices within and across 
organisations and identify the covariates of this diversity (Reskin 2000b)  . 

226. Although the allocation of grants (and positions/jobs) responds to or depends on the 
attributes of the organisational processes, in general, research has focused on individual 
attributes of applicants and reviewers, maybe due to the greater the availability and/or 
quality of individual data. However, we should not be guided or driven solely by such 
availability; organisational and structural factors, processes and practices matter and may 
be determinant of the differences, segregation and discrimination.  

3.1.1.1 Understanding the individual factors interacting with organisational behaviour and 
rules.  

227. Research has not been successful in explaining why researchers’gender affects their 
outcomes, why science domains and ranks are segregated by sex, and why in general men 
get more research grants and “outearn” women11. As gender issues in research attracted 
more and more attention, scholars started to build universal explanatory arguments: 
gender-role socialisation, the domestic division of labour, patriarchal impulses, male 

                                                                      
11 Although Kahn and Ginter (Kahn and Ginther 2018) as well as Graham and Smith (Graham and Smith 2005) show that in 
the U.S., considerable gender pay differences in STEM resulted from women and men being in different fields and different 
employment sectors. Likewise, a review of the literature on gender wage gaps conducted by Blau and Kahn  (Blau and Kahn 
2017)  concluded that traditional explantations related to occupation and industry effects continued to be very salient, in 
contrast to human capital explanations that have lost relevance, or in comparison to psychological attributes which, in 
comparasion, still explain little.  
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researchers’ responses to competitive threat, etc. Because most readily available data were 
at the researchers’ level, the dominant approach concentrated on individual-level 
explanations.  

228. Understanding resource inequality (and potential discrimination) requires 
incorporating RFO and employing organisations into the analysis. In the same way 
that the study of employing organisations has confirmed that inequality levels are affected 
by demographics, leaderhsip, formalisation of personnel practices, recruitment and 
evaluation methods, external pressures, or disponibility of organisational resources, we can 
assume that some variables and attributes of RFO and research performing organisations 
(RPO) are determinant to understand the nature of the outcomes. To study the impact of 
grants on careers, it will be also important that the GRANteD project distinguishes 
between types of funding (Cruz-Castro and Sanz-Menéndez 2018) 

229. In any case, inequalities (and discrimination) do not come out of the blue. As noted by 
Baron (Baron 1991) it is important to analyse the organisational context of bias. 
Organisational theory provides some general useful insights. Firstly, organisational 
structures and procedures exhibit considerable inertia; therefore, when analysing RFO it is 
important to know not only whether gender equality policies are in place but also the 
organisational history in this respect. Organisational age and founding conditions and 
missions are relevant aspects in this regard. Secondly, the role of interests should not be 
overlooked; groups within organisations, including those that populate RFOs and the 
constellation of interests favouring equal treatment will affect the rate of organisational 
change. Thirdly, although subject to intertia and path-dependency, organisations respond 
to environmental pressures and normative isomorphism and they imitate and learn from 
others in the same organisational field. Finally, it is important to bear in mind the 
distinction between the formal organisational structures and policies on the one hand, and 
real practices on the other hand; the relation between the two often takes the form of loose 
coupling or even decoupling. 

230. Inequalities in grant success and career advancement do not just happen; they occur 
through the acts and the failures to act by the people who run and work for organisations. 
In this context the challenge is to formulate empirically realistic accounts of how grants 
are allocated in a cross-sectional study of RFO and how and why careers advance in a 
cross-sectional study of research organisations. 

231. Ideally, we should develop a research design that allows us to address the existence of 
segregation or discrimination as an organisational issue, in an appropriate manner. We 
could envisage/design an evaluation tool (method) to be implemented by two or more 
agencies (RFOs), and we could introduce the variance in the individual or in the practices. 

232. Additionally, we could observe how individual research funding (or its absence) has career 
effects (or not) and whether and how this has changed over time. 
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