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Introduction

A core objective of the GEDII project is to provide empirical evidence on the potential link
between gender diversity within teams and research performance/innovation. This report
builds upon a previous report (Humbert and Guenther 2017), which provided preliminary
considerations and results in efforts to build the Gender Diversity Index. The Gender
Diversity Index is a composite indicator that is applicable at team level and provides a
summary measure of gendered processes. A composite indicator is obtained when individual
indicators are compiled in a single measure on the basis of a multi-dimensional concept. For
the Gender Diversity Index, this means aggregating several team level gender diversity
measures into a coherent conceptual and statistical whole.

The rationale for building the Gender Diversity Index is to provide not only a descriptive
account that enables teams, funders or other stakeholders to assess and monitor gender
diversity, but which can also be used for further analysis. Following on from at least a decade
of discussion into whether gender diversity is linked to organisational performance, the
Gender Diversity Index can be used to test this relationship in the context of research in
science, technology, engineering and math (STEM). A conceptual framework for gender
diversity, its meaning and how it could be related to research performance and innovation
were set out in D3.1 (Humbert and Guenther 2017). While D3.1 focused on theoretical
considerations and their possible statistical implementation, the focus of this report is to
present the statistical decisions that were taken in light of both theory and empirical
material.

The development of the Gender Diversity Index was informed by the best-practice
methodological guide developed jointly by the EC’s JRC and the OECD (Nardo et al. 2008)
and other resources provided by COIN — the Competence Centre on Composite Indicators
and Scoreboards (see https://composite-indicators.jrc.ec.europa.eu/). It is important to
remember that composite indicators can be powerful instruments but can also be misused.
Because they provide apparently objective summary measure, they can provide valuable
information. At the same time, composite indicators are distrusted because of this very
reason: apparent lack of transparency and the over-simplification of complex issues are
some of their main criticisms. From a gender theory perspective, composite indicators are
also problematic in that they invariably rely on a binary understanding of gender through
reliance on sex as a proxy. These limitations are acknowledged. Where possible, the analysis
of sex-disaggregated data is embedded within a wider frame of gender statistics (UNECE
2010) that recognises unequal gendered power relations.

This methodological report describes the steps adopted in the construction of the Gender
Diversity Index. First, a brief overview of the team survey is provided. This is followed by an
account of what metrics were used and by the results of the multivariate analysis. Next, the
aggregation steps are examined and an assessment of the robustness of the Gender



Diversity Index. The Gender Diversity Index is then described and exemplified in detail
through some team cases, before some concluding remarks are provided.

Overview of Data Collection

The construction of the Gender Diversity Index is based on data collected via an online
survey of research teams and their members in research institutes, universities and private
for-profit companies. This section provides an overview of the survey and data collection
(see D4.2 for a more detailed account).

The survey design relied on an extensive literature review that combined insights from team
science, research performance and assessment and gender studies (Miller et al. 2016) as
well as on a conceptual framework for the Gender Diversity Index (Humbert and Guenther
2017). The survey was complex in that it aimed at capturing team level information. As such
it was important to (1) obtain information both at the individual and team level and (2)
maximise the response rate within each team to provide reliable estimates. To this end, two
guestionnaires were designed: one for team members and another one for a team contact
person, usually but not necessarily the team leader. The questionnaires were designed
collaboratively within the GEDII consortium in over a dozen iterations. Moreover, extensive
feedback from experts of the advisory board and a small pilot study in the UK, Spain and
Germany contributed to the final version of the questionnaires. To obtain a high response
rate, the consortium strived for a response time of a maximum of 15 minutes.

The members’ questionnaire included questions on the respondents’ characteristics, the
organisation of work, team leadership (Berger et al. 2012), gender stereotypes (Miller and
Borgida 2016), a short version of the Team Climate Inventory (Kivimaki and Elovainio 1999)
and performance measures such as volume of publications and patents. The team contact
person was also asked for general information about the team such as the number of
women and men, the size of the organisation, policies within the organisation and area of
work.

Once the questionnaires were finalised, they were entered in the online survey platform
Unipark (https://www.unipark.com/). This is the academic branch of Questback, a for-profit
online survey company, based in Germany. After the survey was completed, all data were
erased from its servers. The initial geographical scope was restricted to five EU countries
(Germany, Lithuania, Spain, Sweden, UK), each of which represents a different welfare and
gender equality regime (Lewis 1992; Sainsbury 1996; Esping-Andersen 1990), and later
completed by research teams in a further eight countries (Denmark, Finland, Italy, the
Netherlands, Norway, Poland, Portugal and Switzerland). Furthermore, as STEM can
encompass a wide breadth of subject areas, the project is restricted to biomedical
engineering and transport research.



Research teams were identified through datamining the Web of Science and PATSTAT
database to identify researchers that had published a paper or patent either in transport or
biomedical engineering/biomedicine between 2001 and 2016. Based on this initial list of
authors and patent holders, research teams were compiled using external information
available publicly. This resulted in a list of research teams in each country and research area
of interest which acted as the sampling frame for the survey. This list provided contact
details for each team member, records of their publications and patents obtained from the
datamining and where possible, the identified team leader. The compilation of information
about research teams proved to be easier for research institutes and universities than for
private for-profit companies, where there was less information about their staff on the web.

The administration of the survey followed two approaches. The first relied on being able to
identify the team leader, who would then be sent an initial email, inviting them to
participate in the survey. Where no information was available for a suitable contact person,
this invitation was in some cases sent to another relevant contact such as the Equality and
Diversity Officer in a HR Department. This was most often the case for private companies,
where in addition phone calls were made to establish this initial contact. While this approach
was somewhat successful in universities and public research institutions, however, it had
limited success with private organisations. The second approach relied on sending out emails
in bulk to all authors identified through the datamining process. This communication invited
them and their teams to participate in the survey.

Once initial contact was established and the team agreed to participate in the survey, a team
ID was generated. The contact person was asked to fill out the team-level questionnaire and
to verify the list of team members. The teams were informed that an up-to-date list of team
members would be needed to generate a bibliometric performance profile of the team,
which was shared with them. The contact person could then opt to forward an email to their
team members, including a link to the survey with a team ID in the URL, or alternatively for
the team members to be contacted directly.

By 31 January 2018, 159 teams and 1357 individuals had completed the survey. For the
computation of the Gender Diversity Index, to minimise the standard errors of estimates,
only teams which met the following criteria were used: 100% response rate for teams with 4
respondents, 50% response rate for teams with 5 to 9 respondents, and 40% response rate
for teams with 10 or more respondents (101 out of 159 teams).

The survey was used to provide indicators, distinguishing between gender diversity that is
demographic, functional or cognitive (Table 1). Only indicators within the first two types of
gender diversity were considered for the Gender Diversity Index, since these two aspects are
most apt at capturing gender inequalities in research at the team level. Cognitive gender
diversity will be examined for its mediating effects between demographic/functional gender
diversity and performance in further analyses.



Table 1: Potential indicators to populate the Gender Diversity Index and further analyses

Demographic Functional Cognitive
gender diversity gender diversity gender diversity
Age Subject area Communication
Ethnicity/minority status Team tenure Power and influence
Disability Team time contribution Team/organisational climate
Marital status Team role Trust
Care responsibilities Type of contract Leadership style
Education Working time Gender/diversity climate
Experience
Tasks

Source: based on Humbert and Guenther, 2017

The Gender Diversity Index relies on indicators of demographic diversity that encompass
age, marital status, care responsibilities and education. The inclusion of ethnicity and
disability were considered as variables for demographic gender diversity. However, due to
the low number of members of an ethnic minority group and people with chronic health
issues in the sample — as well as in the overall target group — these two variables could not
be included. Age is a relevant indicator, not only because of the chrononormative notion of
the ‘ideal’ scientist (Riach, Rumens, and Tyler 2014; Bourdieu 1994), but also due to the fact
that women working in academia tend to be younger than men (EC 2015), suggesting that
women are more likely to opt out and/or have been historically under-represented.
Moreover, the Gender Diversity Index includes two indicators for family status: living
together with a significant other and care responsibilities. Academia is considered a greedy
institution (Wright et al. 2004; Cervia and Biancheri 2017) asking faculty to put in long
working hours into a very demanding job. This creates a conflict — especially for women — to
combine care responsibilities with the demands of the work place (Armenti 2004; Beddoes
and Pawley 2014; Cervia and Biancheri 2017), leading to a lower fertility rate for women
academics (Stanfors 2014) and women postponing childbirth up to the point that they
dispense with having children at all (Metz-Gockel, Selent, and Schirmann 2010; Mason and
Goulden 2004). Women academics tend to have a lower marriage rate and fewer children
(Mason and Goulden 2004) and marriage, as well as the presence of young children reduces
a woman’s chances to obtain a tenure-track position (Wolfinger, Mason, and Goulden 2008).
Finally, educational background is also introduced as an indicator for demographic diversity.
Having a doctoral degree is used as an indicator for educational attainment, as a doctoral
degree is often a requirement for careers in research and academia, although less so in the
private sector. Within the EU28, 48% of all doctoral graduates in 2015 were women,
however, women were under-represented in the area of engineering, manufacturing and
construction (29%) as well as information and computer technology (21%, Eurostat, 2018
[educ_uoe_grad02]). Moreover, there is an attrition between master degree and doctoral
degree, with a lower proportion of women obtaining a doctorate (Eurostat 2018
[educ_uoe_grad02]). Altogether, these different aspects of gendered diversity impact the
career chances of graduates and are therefore likely to hallmark the gendered composition
of research teams.




Functional diversity refers to processes related to working conditions, such as decision-
making power (being in a leadership/senior role or not), long team tenure (being above or
below the average team tenure) and contract (having a permanent or fixed-term contract).
This builds on the body of research that shows that women are more likely to opt out of
scientific careers than men (among many others: Blickenstaff, 2005; EC, 2015; Etzkowitz and
Ranga, 2011; Fox and Stephan, 2001; Herman et al., 2013; Howe-Walsh and Turnbull, 2014;
Mavriplis et al., 2010; Ranga and Etzkowitz, 2010) and that informal practices as well as
implicit norms hinder women’s progression (Aiston 2015; Faulkner 2007; Long and Fox 1995;
Fox 2015; van den Brink and Benschop 2012). In addition, including the seniority of team
members as an indicator for functional gender diversity considers the effects of such implicit
micro-practices of exclusion. Team tenure is important as it influences the informal power
position of team members. Long team tenure can be seen as a status cue and team
members with long team tenure are more likely to receive deference (Joshi and Knight 2015;
Bunderson 2003). Contractual agreements, furthermore, can impact the individual’s
integration into a team. Especially in the context of academia, fixed-term contracts appear
to be increasingly common for early career scholars (Ylijoki 2010), leaving them in a more
precarious position and in fragmented career (Clegg and Baumeler 2010; Knights and Clarke
2014). From this perspective, a permanent contract not only indicates more security for the
individual but also allows for long term commitment to a team and greater potential to
contribute to the overall team’s performance. This is reflected in some national practices,
such as in Germany, where legal regulations stipulate that academics obtain a permanent
contract after a given period of time: early career researchers are only allowed to work for
six years on fixed-term contracts.

This section has provided a brief account of the data collection process and potential
indicators. Aside from selecting indicators to populate the Gender Diversity Index, it is
necessary to produce suitable metrics. These metrics are described next.

Metrics of the Gender Diversity Index

For each potential indicator, two separate metrics were computed. The first one is a
measure of representation, i.e. at the horizontal level. It provides information about
whether women and men are equally represented. This representation is calculated in the
category that is deemed more desirable or more inclusive (expressed as level 2, in contrast
to level 1). For example, when it comes to equal representation within senior team roles or
in permanent/tenured contracts, it is easy to identify that it is desirable to ensure equal
access to more prestigious and less precarious positions (Morley 2018). Similarly, inclusivity
entails that those that have care responsibilities are able to take part in research, particularly
since it is difficult to combine care responsibilities with long working hours and precarious
work contracts, which makes it more difficult for women to opt for motherhood when
pursuing an academic career (Sang, Al-Dajani, and Ozbilgin 2013; Benschop et al. 2013;



Metz-Gockel, Selent, and Schiirmann 2010; Kemelgor and Etzkowitz 2001). This measure of
representation depicts the situation of both women and men in science, and is calculated as
follows:

a; = 2X (1 — (w3 + m%i))

where w and m represent the proportions of women and men, respectively, at level 2 within
team i. In the case where there are no women or men at level 2, then the metric returns a
score of 0, indicating there can be no gender diversity as there are no opportunities for
people to realise themselves. In other instances, the metric returns a score bound between 0
and 1, where the highest score is achieved where there is gender parity, meaning an equal
distribution of women and men. This measure of representation, therefore, captures
potential under-representation of either women or men. Moreover, it is non-linear and
benefits conditions close to parity (Humbert and Guenther 2017).

The second measure is a measure of attrition, i.e. at the vertical level. It measures the extent
to which women and men can equally progress within functional levels and are equally
represented according to their demographic diversity. In the case of functional gender
diversity, it is easy to understand that women and men should be, for example, equally
represented at different levels of seniority — in other words, the pipeline should not be
leaking (Dubois-Shaik and Fusulier 2015; Blickenstaff 2005). In the case of demographic
diversity, attrition can be understood as the possibility for both women and men to be
equally represented as parents/carers compared to people without care responsibilities or
to have a cohabiting partner compared to those who are single (Mary Frank Fox 2005;
Wolfinger, Mason, and Goulden 2008). Mathematically, this measure is expressed as:

Wi .
—, ifw,; <m,; and wy; < wy;
Wii
61’ = my; .
, ifm,; <w,; and m,; < my;
my;
1, otherwise

with level 1 or 2 in team i, where w and m refer to proportions in the population of
reference for women and men respectively. The metric returns a score of 0 where there are
no women or men at level 2, since there can be no gender diversity where progression is not
possible. The metric is bound between 0 and 1, and returns the highest score when there is
no attrition between the two levels.

These metrics are applied to each potential indicator of gender diversity, and used to carry
out a multivariate analysis that informs the development of the Gender Diversity Index. The
next section considers this aspect in greater details.



Multivariate analysis

The aggregation of indicators to form the Gender Diversity Index is informed by a
multivariate analysis that is used to construct a meaningful measurement framework (Nardo
et al.,, 2008). The selection of indicators followed an iterative process, informed both by
conceptual and statistical considerations, where different models where considered and
assessed. Teams were included were they met the following criteria: full response rate for
teams with four respondents; a minimum response rate of 50% for teams with between 5
and 9 respondents; a minimum response rate of 40% for teams with 10 or more
respondents. This reduced the number of teams from 159 in the full sample to 101, and
hereby the margin of error for the estimate of the proportion for each indicator.

Using principal component analysis provides information as to what meaningful linear
combinations of variables exists along a number of different factors (Hair et al. 2006). In the
case of the Gender Diversity Index, the most suitable option was obtained through a seven-
factor solution with a varimax rotation. This solution accounts for 93% of the variance, well
above the threshold of 70% (Jolliffe 1986), and unsurprising given the large number of
factors. Furthermore, the model fit is adequate with a Kaiser-Meyer-Olkin amounting to 0.65
(Kaiser 1974). There are two related items within each factor, each with high reliability as
evidenced by Cronbach a values ranging from 0.76 to 0.97 (Cronbach 1951). Factors loadings
are high (all above 0.7) for all indicators (Table 2).



Table 2: Principal Component Analysis

Component 1 2 3 4 5 6 7 MSA Indicator
Seniority 6 0.93 0.68  Attrition of the under-represented sex with/out a senior role
Seniority o 0.92 0.70 Representation of wo/men with a senior role (senior
researcher or team leader)
Tenure & 0.94 0.59 Attrition of the under-represented sex under/above average
team tenure
Tenure a 0.93 0.65 Representation of wo/men above average team tenure
Age 6 0.93 0.58 Attri'tion of the under-represented sex under/above average
age in the team
Age a 0.89 0.65 Representation of wo/men above average age in the team
Contract 0.93 0.61 Attrition of the under-represented sex with/out a permanent
contract
Contract a 0.89 0.66  Representation of wo/men with a permanent contract
e Attrition of the under-represented sex with/out current caring
Care responsibilities 5 0.93 0.56 responsibilities for children under 16 or dependent adults
e Representation of wo/men with current caring responsibilities
Care responsibilities o 0.88 0.66 for children under 16 or dependent adults
Education & 0.94 0.60 Attrition of the under-represented sex with/out a doctorate
Education a 0.81 0.73  Representation of wo/men with a doctorate
Marital status & 0.91 061 Attrition of the under-represented sex with/out a cohabiting
partner
Marital status a 0.71 0.77  Representation of wo/men with a cohabiting partner
Proportion of Variance 15% 15% 14% 13% 13% 13% 11%
Cumulative Proportion 15% 29% 43% 56% 70% 82% 93%
Cronbach's a 0.97 0.95 0.94 0.90 0.89 0.88 0.76
Kaiser-Meyer-Olkin 0.65




This suggests a structure for the Gender Diversity Index that consists of seven pillars, each
corresponding to attrition and representation relating to different gendered process within a
research team. Potential solutions with fewer factors were considered, however, none
provided a satisfactory solution both conceptually and statistically. Using this framework, it
is possible to then turn our attention to aggregation and weighting as the next steps needed
to build the Gender Diversity Index.

Aggregation and weighting

The aggregation and weighting of a composite indicator are decisions that are not neutral, in
so far as they have an impact on the overall score. In building the Gender Diversity Index, a
multi-modelling approach is adopted. This means computing the scores generated by a set
of different assumptions, before selecting a model based on the distribution of the scores
generated.

Weighting is applied at the level of indicators (Table 3) and at the level of the pillars (Table
4). For indicators, two types of weights are considered (equal weights and PCA weights) and
three types at pillar level (equal weights, PCA weights and expert weights). Although it
appears that using equal weights is a neutral choice, it is in fact far from neutral since the
overall score of the Gender Diversity Index can be disproportionately affected by indicators
with high correlations. Deriving weights from Principal Component Analysis is useful to take
into account the different contributions of indicators based on their correlations (Nardo et
al. 2008). Finally, expert weights were developed together with a member of the project
advisory board at the level of pillars only and consisted of three sets of weights. The first set
of expert weights distributes weights equally between demographic diversity (50%) and
functional diversity (50%). The second set of expert weights gives more weight to
demographic diversity (60%) than functional diversity (40%): this option gives more
importance to grounds of diversity that are more aligned to anti-discrimination legislation.
The third set of expert weights reverses this relationship and attributes less weight to
demographic diversity (40%) than to functional diversity (60%). This might be justified by
arguing that functional diversity is more pertinent to research performance and innovation,
since the way in which the team is organised may lead more directly to these outcomes.



Table 3: Sets of weights considered at the indicator level

wEeqi;s'lcs PCA weights

=) Education 6 0.5 0.574
g a 0.5 0.426
% Care 5 0.5 0.528
L responsibilities o 0.5 0.472
Q . 6 0.5 0.622
% Marital status a 05 0.378

g Age 6 0.5 0.522
o a 0.5 0.478
Team tenure 6 0.5 0.505

T o a 0.5 0.495
S G o 5 0.5 0.505
8 g Seniority a 05 0.495
z 5 0.5 0.522
Contract type a 05 0478

Table 4: Sets of weights considered at pillar level

Equal weights Expert Set 1 Expert Set 2 Expert Set 3 PCA
>
% Education 0.143 0.125 0.200 0.100 0.114
(]
>
2 C
S ities 0.143 0.125 0.200 0.100 0.143
£ EPOTSRERE o571 0.500 0.600 0.400 0.529
S Marital status 0.143 0.125 0.200 0.100 0.116
(@]
§ Age 0.143 0.125 0.200 0.100 0.156
_ _ Teamtenure 0.143 0.167 0.133 0.200 0.176
>
C =
o ‘»
E 2 Teamrole 0.429 | 0.143 | 0.500 | 0.167 | 0.400 | 0.133 | 0.600 | 0.200 | 0.471 | 0.150
>
53
Contract type 0.143 0.167 0.133 0.200 0.145

Aggregation is also done sequentially at the level of indicators and pillars, i.e. first indicators
then pillars. Three methods were initially considered for the Gender Diversity Index: the
arithmetic mean, the geometric mean and the harmonic mean. The difference between
these three types of averages is in the compensation they allow, with the geometric and
harmonic means being increasingly more punitive than the arithmetic mean. However,
because both the geometric and harmonic means rely on a product, they were not retained
because they were deemed too sensitive in the many instances where team obtained a
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score of 0 in a given pillar. When different assumptions are combined, it becomes possible to
compute ten versions of the Gender Diversity Index, according to the characteristics outlined
in Table 5.

Table 5 Characteristics of different versions of the Gender Diversity Index

ixﬁ:g::s Weights pillars
GDI.1 Equal Equal
GDI.2a Equal Expert 1
GDI.2b Equal Expert 2
GDI.2c Equal Expert 3
GDI.3 Equal PCA
GDIL.4 PCA Equal
GDI.5a PCA Expert 1
GDI.5b PCA Expert 2
GDI.5c PCA Expert 3
GDL.6 PCA PCA

The methodology adopted to compute the Gender Diversity Index is the one that minimises
the average of the squared distance to the median score. The method that minimises the
distance to the median score is that of GDI.6. It relies on arithmetic aggregation combined
with PCA weights at both the indicator and pillar level. Results providing both scores and
ranks information are provided in Table 6. Basic robustness checks confirm that with this
model, all teams score within 0.05 points of the median, including 80% within 0.01 points
(Figure 1). Similarly, 100% of teams rank within five ranks of the median and 75% within one
rank (Figure 2).
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Figure 1 Distance from median score
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Figure 2 Distance from median rank
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Table 6 Results of the Gender Diversity Index — Distribution of Scores and Ranks

Gender Minimum Maximum
Team ID Diversity Median score Rank Lowest rank Median rank Highest rank
Index score score
58 0.94 0.93 0.94 0.94 1 3 2 1
32 0.94 0.93 0.94 0.95 2 2 1 1
95 0.93 0.93 0.93 0.94 3 3 3 2
21 0.92 0.91 0.92 0.92 4 5 5 4
9 0.91 0.90 0.91 0.93 5 6 5 4
47 0.91 0.90 0.91 0.91 6 7 6 5
15 0.91 0.91 0.91 0.91 7 7 7 4
13 0.87 0.83 0.87 0.88 8 15 8 8
29 0.86 0.85 0.86 0.88 9 12 10 8
80 0.86 0.83 0.86 0.89 10 13 10 8
20 0.85 0.85 0.86 0.86 11 13 11 9
46 0.85 0.85 0.86 0.87 12 12 10 10
8 0.85 0.83 0.85 0.86 13 13 12 11
92 0.84 0.83 0.83 0.85 14 15 14 14
41 0.82 0.78 0.82 0.83 15 19 16 14
61 0.82 0.80 0.82 0.85 16 18 16 13
78 0.81 0.80 0.81 0.82 17 19 17 16
75 0.80 0.77 0.80 0.82 18 21 18 16
83 0.78 0.76 0.78 0.80 19 23 20 18
87 0.78 0.75 0.78 0.82 20 25 20 17
33 0.77 0.76 0.77 0.79 21 22 22 21
35 0.77 0.75 0.77 0.80 22 24 21 19
82 0.76 0.74 0.77 0.80 23 26 22 17
81 0.76 0.73 0.76 0.80 24 28 24 20
25 0.75 0.75 0.76 0.77 25 25 24 20
37 0.74 0.71 0.71 0.74 26 30 29 26
86 0.74 0.71 0.74 0.75 27 31 27 26
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Gender

Minimum

Maximum

Team ID Diversity Median score Rank Lowest rank Median rank Highest rank
Index score score
45 0.74 0.71 0.73 0.75 28 28 28 23
79 0.74 0.70 0.73 0.75 29 32 27 26
2 0.70 0.67 0.69 0.70 30 38 32 30
97 0.70 0.66 0.69 0.71 31 39 33 31
26 0.69 0.69 0.71 0.73 32 34 30 27
74 0.69 0.66 0.69 0.75 33 39 33 23
19 0.68 0.68 0.68 0.69 34 37 33 31
40 0.68 0.65 0.68 0.71 35 38 35 30
67 0.67 0.65 0.67 0.69 36 39 37 35
31 0.66 0.63 0.67 0.71 37 43 37 33
50 0.66 0.63 0.66 0.70 38 44 39 32
98 0.65 0.54 0.65 0.69 39 50 39 33
16 0.64 0.62 0.63 0.65 40 44 41 40
22 0.63 0.58 0.63 0.68 41 44 41 35
66 0.63 0.63 0.65 0.69 42 42 41 35
4 0.62 0.56 0.63 0.68 43 47 42 36
36 0.60 0.59 0.61 0.62 44 48 44 41
65 0.60 0.56 0.59 0.61 45 50 46 45
23 0.60 0.54 0.60 0.65 46 52 45 40
10 0.59 0.49 0.58 0.61 47 59 49 46
14 0.58 0.53 0.58 0.60 48 54 51 46
43 0.58 0.48 0.57 0.61 49 60 51 45
55 0.57 0.56 0.58 0.59 50 52 48 47
70 0.56 0.56 0.58 0.60 51 52 49 46
85 0.56 0.56 0.57 0.60 52 54 53 42
90 0.55 0.49 0.54 0.60 53 66 54 43
69 0.54 0.49 0.52 0.55 54 65 59 54
51 0.54 0.47 0.54 0.60 55 62 56 48
3 0.54 0.54 0.54 0.55 56 57 55 51
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Gender

Minimum

Maximum

Team ID Diversity Median score Rank Lowest rank Median rank Highest rank
Index score score

6 0.54 0.53 0.54 0.55 57 58 55 50
44 0.53 0.43 0.53 0.57 58 68 58 53
27 0.52 0.51 0.51 0.52 59 64 60 56
52 0.52 0.46 0.52 0.54 60 65 60 58
99 0.51 0.51 0.54 0.55 61 61 56 53

1 0.51 0.44 0.51 0.54 62 66 62 57
12 0.49 0.49 0.51 0.51 63 63 62 57
88 0.48 0.48 0.49 0.49 64 68 64 58
57 0.47 0.46 0.49 0.52 65 65 64 60
100 0.47 0.41 0.46 0.47 66 72 70 66
54 0.46 0.41 0.46 0.50 67 73 67 62
7 0.46 0.46 0.48 0.49 68 68 67 63
91 0.46 0.42 0.46 0.50 69 70 68 64
94 0.44 0.39 0.42 0.44 70 74 73 70
18 0.43 0.41 0.44 0.48 71 73 72 61
64 0.43 0.43 0.44 0.45 72 72 71 67
73 0.43 0.41 0.44 0.47 73 73 71 69
53 0.39 0.33 0.38 0.42 74 77 74 69
62 0.36 0.26 0.37 0.40 75 82 75 75
63 0.35 0.27 0.35 0.41 76 81 76 74
42 0.34 0.30 0.31 0.35 77 81 80 77
96 0.33 0.32 0.33 0.33 78 79 78 76
93 0.33 0.33 0.33 0.34 79 79 77 75
49 0.32 0.29 0.32 0.32 80 81 80 79
48 0.31 0.30 0.32 0.34 81 81 79 76
38 0.29 0.19 0.28 0.29 82 86 83 82
68 0.28 0.25 0.27 0.29 83 89 83 80
71 0.27 0.24 0.27 0.28 84 85 84 82
39 0.26 0.20 0.26 0.30 85 85 85 82
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Gender

Team ID Diversity Minimum Median score Maximum Rank Lowest rank Median rank Highest rank
Index score score

77 0.25 0.18 0.25 0.28 86 88 88 86
84 0.25 0.19 0.25 0.29 87 88 87 84
60 0.24 0.24 0.26 0.28 88 88 86 83
5 0.24 0.18 0.24 0.27 89 89 89 88
34 0.16 0.13 0.17 0.21 90 90 90 90
17 0.13 0.09 0.13 0.13 91 92 91 91
11 0.11 0.09 0.11 0.14 92 92 91 91
24 0.00 0.00 0.00 0.00 93 93 93 93
28 0.00 0.00 0.00 0.00 93 93 93 93
30 0.00 0.00 0.00 0.00 93 93 93 93
56 0.00 0.00 0.00 0.00 93 93 93 93
59 0.00 0.00 0.00 0.00 93 93 93 93
72 0.00 0.00 0.00 0.00 93 93 93 93
76 0.00 0.00 0.00 0.00 93 93 93 93
89 0.00 0.00 0.00 0.00 93 93 93 93
101 0.00 0.00 0.00 0.00 93 93 93 93
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Checking for robustness

In line with the COIN best practice recommendations (Nardo et al. 2008), the robustness of
the Gender Diversity Index was assessed by examining the correlation structure between the
indicators (Table 7), between the indicators and the pillar/index scores, and between the
pillars and the Index itself. This shows that there are some very strong correlations between
some indicators within the same pillars, such as those associated with senior roles, team
tenure and age. However, this is likely related to the indicators picking up on the same
phenomenon. Since there is no evidence of strong collinearity among indicators not grouped
together, with correlations not exceeding 0.6 and no negative coefficients, the correlation
structure of the indicators is deemed satisfactory.

The association of the pillars to underlying indicators (Table 8) shows that all indicators
contribute to both the pillars and the overall Gender Diversity Index since all correlation
coefficients of interest are above 0.5. A previous iteration of the Gender Diversity Index had
considered including two further pillars — one for ethnicity and one for disability — but were
subsequently omitted because they failed to meet the requirements of a composite
indicator at this stage of the robustness assessment. This assessment provides evidence that
all the indicators included in the Gender Diversity Index contribute to the pillars and the
scores. Finally, the robustness checks show strong correlations between each of the pillars
and the Gender Diversity Index (Table 9), confirming that the model used for the Gender
Diversity Index is statistically coherent.

Going back down to the details

This report has described the process of development of different measures and their
aggregation into a composite measure. In this section, the report examines the results of the
Gender Diversity Index in greater details using examples of research teams. In the following,
the meaning of the Gender Diversity Index and its potential interpretation is exemplified
using some anonymised cases of the team survey.
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Table 7 Correlations between indicators

Seniority 6
Seniority a
Tenure 6
Tenure a

Care 6

Carea
Contract 6
Contract a
Education 6
Education a
Marital status 6
Marital status a
Age 6

Age a

5 P a
Ce]
0z % 3 e s % 5 5 5§ E E o s
e s = v v © © P = n n [} [0}
wn " O o i o © ©
= =
1.00
0.94 1.00
0.33 0.34 1.00
0.33 0.37 0.90 1.00
0.13 0.14 0.10 0.10 1.00
0.33 0.39 0.27 0.32 0.80 1.00
0.23 0.27 0.21 0.25 0.28 0.29 1.00
0.35 0.45 0.24 0.31 0.22 0.37 0.82 1.00
0.27 0.29 0.24 0.22 0.28 0.19 0.24 0.19 1.00
0.41 0.48 0.35 0.41 0.29 0.41 0.32 0.37 0.79 1.00
0.24 0.24 0.14 0.22 0.42 0.36 0.22 0.15 0.31 0.33 1.00
0.44 0.51 0.39 0.51 0.32 0.52 0.29 0.45 0.27 0.51 0.62 1.00
0.35 0.38 0.35 0.32 0.14 0.20 0.24 0.35 0.34 0.34 0.21 0.33 1.00
0.39 0.46 0.34 0.41 0.15 0.30 0.30 0.48 0.33 0.45 0.22 0.50 0.89 1.00
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Table 8 Correlations between Indicators and Pillars/Index

s o @
w
Tz $ v e s % 5 5 5 E B oo =
o o o o o o + + " %] () ()
v v © © w w © ©
= =
Seniority | 0.98 0.98
Tenure 0.34 0.36 | 0.98 0.98
Care 0.23 0.27 0.19 0.21(0.96 0.94
Contract 0.30 0.37 0.23 0.29 0.26 0.35(0.96 0.95
Education 0.34 0.39 0.30 0.31 0.30 0.30 0.29 0.28 (0.96 0.92
Marital Status 0.33 0.36 0.25 0.35 042 045 0.26 0.27 0.33 0.42|0.96 0.82
Age 0.38 0.43 0.36 037 0.15 0.25 0.28 042 0.35 040 0.22 0.42]0.98 0.97
GDI 0.66 0.71 0.62 0.67 0.49 0.64 0.57 0.65 0.54 0.70 0.51 0.72 0.62 0.70
Table 9 Correlations between Pillars and Index
Seniority Tenure Care Contract Education Marital Age GDI
Status
Seniority 1.00
Tenure 0.36 1.00
Care 0.25 0.20 1.00
Contract 0.34 0.27 0.31 1.00
Education 0.37 0.31 0.31 0.30 1.00
Marital Status 0.35 0.30 0.46 0.28 0.39 1.00
Age 0.41 0.37 0.21 0.36 0.39 0.32 1.00
GDI 0.70 0.66 0.59 0.64 0.64 0.63 0.68 1.00
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Case 1

Team 58 achieves the best score (0.94) amongst the teams that participated in the study.
Despite the high score, women are under-represented in this team as they represent less
than third of its 13 respondents (four women and nine men). This example shows that the
Gender Diversity Index does not represent a score for gender balance within the team. The
high score is the result of two factors. First, the balance at level 2 in the team is better than
overall. For example, women represent 40% of team members with care responsibilities and
50% of team members in a senior role. Second, there is little attrition in this team across
measures. For instance, the representation of women and men is approximately the same
for those without or with a doctorate.

Women Men
3 7
ucation - eve o doctorate 30% 70%
. 1 2
Educati 0.89 Level 2 Doctorat
ucation a eve octorate 33% 67%
No current care 2 6
Care & 1 0.8 Level 1 responsibilities 25% 75%
: S 2 3
Care a 0.96 Level 2 Current care responsibilities 20% 60%
Marital i iti 2 6
ctatus § 1 . Level 1 Not married or cohabiting 25% 75%
Marital ' 2 3
‘ L 5 . .
status a 0.96 evel Married or cohabiting 40% 60%
2 6
Age & 1 Level 1 Below team average age 25% 75%
098 | 0.94 2 3
A 0.96 Level2 | Abovet
ge a eve ove team average age 20% 60%
3 8
eniority . eve unior researcher/Other 27% 73%
o Senior researcher/Team 1 1
S t 1 L | 2
eniority a eve leader 50% 50%
2 4
T 5 1 Level 1 Bel t t
enure 005 eve elow average team tenure 33% 67%
: 2 4
T 0.89 Level2 | Ab team t
enure o eve ove average team tenure 33% 67%
3 6
‘ Level 1
Contract 6 0.75 0s evel Temporary / casual 33% 67%
. 1 3
‘ Level 2
Contract a 0.75 evel Permanent / tenured 25% 75%
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Case 2

Team 21 achieves a score of 0.92 on the Gender Diversity Index, and where women
represent 67% of respondents in the team (10 out of 15). This result is driven by high scores
in most pillars. One exception is the score for attrition in relation to junior and senior roles
at 0.44. This is related to women being under-represented in senior position, while they are
over-represented in junior positions. This illustrates how the Gender Diversity Index results
not only pick up on attrition, but also on the reversal in representation. However, these
results also show the importance of not interpreting scores of the Gender Diversity Index
without considering the numbers to which they related, because of the sensitivity of the
measure where there are small numbers. For instance, if the team included another woman
in a senior role, this would considerably increase the score achieved in the corresponding

pillar.

Education 6 1
1
Education a 1
Care & 0.78
0.8
Care a 0.89
Marital
1
status &
Marital 0.98
arita 0.96
status a
Age & 1
0.97
Age a 0.94
Seniority 6 0.44
0.66
Seniority a 0.89
Tenure 1
0.98
Tenure a 0.96
Contract 6 1
1
Contract a 1

0.92

Level 1 No doctorate / 2
78% 22%

Level 2 Doctorate 3 3
50% 50%

Level 1 No curre.n'.c .cz'a\re 4 3
responsibilities 57% 43%

Level 2 Current care 4 2
responsibilities 67% 33%

Level 1 Not married or cohabiting 4 1
80% 20%

. ;. 6 4

Level 2 Married or cohabiting

60% 40%

Level 1 Below team average age > 2
71% 29%

| b 5 3
Level 2 Above team average age 62% 38%

I i h h 9 3
Level 1 Junior researcher/Other 75% 5%

Level 2 Senior researcher/Team 1 2
leader 33% 67%

Level 1 Below average team 7 3
tenure 70% 30%

Level 2 Above average team 3 2
tenure 60% 40%

| | 8 3
Level 1 Temporary / casua 73% 7%

| g 2 2
Level 2 Permanent / tenure 50% 50%
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Case 3

In team 38, six team members (four women and two men) participated in the study. The
team achieves a low score (0.29) in the Gender Diversity Index. The results of the pillars are
very polarized, with two high scores for care responsibilities and age but all other pillars
showing a lack of gender diversity. An interesting feature of this team is that it is not only
women-dominated, but also generally dominated by women at level 2 particularly when it
comes to functional diversity. In the team, the two tenured and senior members that
responded are women. This contrasts with the lower levels were representation is more
equal. This shows that the Gender Diversity Index focuses on inequalities regardless of
whether they affect women or men, and instead provides a measure of relative
representation from a gender perspective (rather than a women’s empowerment
perspective).

. women Men
2 2
Education & 0 Level 1 No doctorat
ucation . eve o doctorate 0% 0%
2 0
Educati 0 Level 2 Doctorat
ucation a eve octorate T00% 0%
No current care 2 1
Care 6 ! 1 Level 1 responsibilities 67% 33%
Care 1 Level 2 Current care 1 1
responsibilities 50% 50%
Marital 0 2
st:trlljsaﬁ 0 . Level1 | Not married or cohabiting 0% T00%
Marital 4 0
L ) . "
status o 0 evel Married or cohabiting T00% 0%
2 1
Age & 1 Level 1 Below t
ge eve elow team average age 7% 3%
0.95 0.29 > 1
A 0.89 Level 2 Ab t
gea eve ove team average age 7% 3%
2 2
Seniority & 0 Level 1 Juni her/Oth
eniority . eve unior researcher/Other 0% 0%
i 2 0
Seniority a 0 Level 2 Senior researcher/Team
leader 100% 0%
2 2
Tenure & 0 Level 1 Below average team
: tenure 50% 50%
2 0
Tenure a 0 Level 2 Above average team
tenure 100% 0%
2 2
Contract & 0 Level 1 Temporary / casual
0 50% 50%
2 0
Contract a 0 Level 2 Permanent / tenured
100% 0%
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Conclusion

The Gender Diversity Index is a composite indicator that aims to capture gendered processes
within research teams. A composite indicator aggregates several measures into one figure,
making it easier to compare complex situations. This report has presented the
methodological steps used in developing the Gender Diversity Index. Following a brief
overview of the survey used to populate this composite measure, the results of the
multivariate analysis and multi-model procedures used to determine how to aggregate
indicators were provided. Basic robustness checks were also presented, demonstrating that
the Gender Diversity Index’s methodology is appropriate.

The Gender Diversity Index conceptualises gender equality as parity between women and
men, and on equal ability to contribute to science and innovation. This reflects the need to
consider the field specificities across different subject areas. For example, even though
women are, in general, the under-represented gender group in science and technology,
there are scientific subjects in which women are over-represented. In 2015, for instance,
only 29% of all engineering, manufacturing or construction doctoral graduates in the EU28
were women, while 59% of doctoral degrees in agriculture, forestry, fisheries and veterinary
sciences were awarded to women (Eurostat 2018 [educ_uoe_grad02]). Accordingly, scores
reflect these inequalities regardless of whether they affect women or men.

The Gender Diversity Index focuses on two aspects: (1) the horizontal representation of
women and men in the category that is either most desirable (e.g. senior role) or inclusive
(e.g. care responsibilities) and (2) the vertical attrition of women and men between
categories. A high score, reflecting high levels of gender diversity, is achieved when a team
achieves a high score in representation combined with low levels of attrition in achieving this
representation across different aspects of diversity. The Gender Diversity Index does not
measure gender representation in other categories (e.g. in non-senior roles), as it gives
precedence to aspirational categories. For example, this approach is based on the ideal that
women role models encourage retention of women in field where they are usually under-
represented (Herrmann et al. 2016; Drury, Siy, and Cheryan 2011). This also goes against the
grain of approaches that seek to simply populate the pipeline with more members of the
under-represented group and simply wait for equality to be reached naturally. As a result,
the Gender Diversity Index does not pick up on whether the pipeline is gender diverse.
However, by ensuring that there is gender diversity in the more desirable and inclusive
categories, it is expected that there would be alignment in other categories, as failing that, it
would ultimately lead to a decrease of gender diversity in the team over time. This is visible
in the data, such as in Case 4, where a team achieves a very high score that reflects the high
level of gender diversity across all aspects of diversity, despite only few early career women
working in the team. This emphasises the need to examine the score of the Gender Diversity
Index together with the data at team level.
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The Gender Diversity Index is not without limitations. The main one is related to conducting
measurement at the team level, where invariably numbers can be very small. This calls for
great care in the interpretation of the measures, as it leads to some imprecision with
estimates and as it is difficult to talk in percentage terms of sex distribution with sometimes
little more than a handful of cases. The measures of the Gender Diversity Index, particularly
when drilling down to the pillar level can be very crude and should not be interpreted
independently of the nominal data of the teams. Pillars will be particularly sensitive to
changes in the data with smaller numbers. However, the overall scores should provide a
valuable starting point to understand gender diversity processes and what areas to address
first in promoting gender diversity in research teams.

The Gender Diversity Index provides a first measure — at team level — of gender diversity that
goes beyond parity and extends to some key processes within the team. The results can be
used on their own to provide a guide as to how gender diverse a research team is: indeed,
within the scope of the GEDII project, a web-based self-assessment tool will be developed
and made available in 2018. The results can also be used within further analysis, notably to
assess the empirical link between gender diversity in research teams and the level research
performance.
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Annex: Items used in the questionnaire

The following questionnaire items are used for the construction of the Gender Diversity
Index.

Sex

Sex is defined by the participant’s self-identification to either sex-group. If one person does
not identify with either woman or men, they are offered a third undefined option.

| am (gender)

1 A woman
2 A man
3 Other

The following question was asked only in cases when someone ticked “Other”

On the previous question on "gender" you marked "Other". If you
prefer not to identify with either woman or man, some sections of
this questionnaire can't be used, since one aim of this study is to
construct a gender diversity index which operates with a binary
gender variable, despite other identities in-between. However, we
encourage you to respond to all items in any case, contributing to
the overall picture of your team.

Identification man or woman

1 | would tend to identify as a woman
2 | would tend to identify as a man
3 Neither

Education

The Gender Diversity Index compares team members who hold a doctorate to those who do
not. The basis for this is the following question:

Which is your highest level of education?

Secondary education

Bachelor

Master or equivalent postgraduate qualification
Doctorate or higher

Other, please specify:

O O O O O
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Care Responsibilities

The Gender Diversity Index relates the gendered composition of those with current care
responsibilities, both for children under 16 and dependent adults, with those who do not
have current care responsibilities. The following question provided the basis for this
construct:

Do you have/ have had care responsibilities for children under 16 years
of age or for dependent adults? Select all that apply

Yes No

Yes, for children under 16 years

Yes, in the past for children under 16 years

Yes, for dependent adults

Yes, in the past for dependent adults

No

Marital Status

Do you live with a partner (marriage, cohabitation, civil partnership,
etc)?

o Yes

o No

Age

Age was calculated using the birth yea.

| was born in (year):

Team Tenure

The Gender Diversity Index links the gender balance of the team members with a team
tenure above average to those below team average. The following item was used to
calculate team average and identify those above and below team average.

In which year did you join your team?
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Seniority

Seniority is defined by team role. Those, who either have a leadership position or are senior
members (i.e. team leader and senior researcher) are put in relation to the other team
members.

Which of the following best describes your primary, current role in
the team?

MA Student

PhD Student

Research or lab assistant / technician
Postdoc / Junior researcher

Senior researcher

Team leader

Other, please specify:

O O O 0O O O O

Contract

What type of contract do you have?

o Temporary / casual
o Permanent/ tenured
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