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Women are under-represented in academic staff in universities
worldwide. Our work builds on other studies of ‘demographic
inertia’. We find that time will not bridge the gender
representation gap in academia, and echo others in saying
bold actions are required to reach parity. Our work then uses
New Zealand’s unique system of scoring individual research
performance to test empirically which levers universities
should pull, and in which combinations. We combine
individual research performance scores with 20 years of data
from one wuniversity to parametrize a rank-structured
mathematical model using Leslie matrices. Our model
compares three key levers of change at universities’
disposal—hiring, promotion and attrition. We apply the
model to a bifurcated population of university staff—those
with high research activity, and those who are moderately
active—based on their national research quality score. We
then test levers in various combinations that management
could pull to improve gender representation. We find that
the solutions are different for the high versus moderate
research performers. For individuals with high research
activity, universities should concentrate on equitable hiring
practices. For those with more moderate research activity,
more equitable promotion practices hold the key.

1. Introduction

The gender representation gap in academia, i.e. the lack of women
in comparison with men, is widely lamented [1,2]. The gap still
exists despite women comprising more than 50% of
postgraduate students in many disciplines for many years [3,4].
The women who do work in the academy are clustered at the
lower ranks of e.g. lecturer (L) and senior lecturer (SL) in the
British system, rather than the upper levels of associate
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professor (AP) and full professor (P) [5]. This over-representation of women in the lower ranks, and
therefore pay grades, is one of the contributors to the gender pay gap in universities.

Some studies discuss solutions for the gender pay gap, but there are few large-scale quantitative
studies [6]. In this article, we recognize that without also fixing the gender representation gap, we will
never achieve equality. For example, an institution with only 20% women might have pay equity if
those women and men are distributed across ranks in the same pattern; but women will still be
under-represented at that university even if they are well paid. That said, if we were to narrow the
gender representation gap at every rank, we would also succeed in narrowing, and possibly
eliminating, the gender pay gap.

Addressing the representation gap has benefits beyond pay equity. It has long been recognized in
research and development that diversity leads to more innovation [7] and non-sexist academic
environments lead to positive job outcomes [8]. A higher number of women academics leads to a
wider range of role models for students [2] giving rise to a positive feedback that encourages diversity.

Demographic inertia, where a time lag is expected before change is seen [9] was once often cited as a
reason for the lower representation of women particularly at higher levels [10]. But waiting for the
passage of time was debunked as a strategy to achieve gender parity in representation [11,12].
Although inertia is now recognized as being only part of the problem [13], it is still clearly playing a
part [9]. Previous studies of demographic inertia argued that gender parity in academia is ‘not
inevitable’ [14], even with the passage of time [15], and argued that bold interventions are required
[11,14,15]. Our study agrees with, and builds on, these studies by empirically testing the levers that
those interventions might pull to achieve gender parity in representation. Indeed, at our own
institution, the University of Canterbury, Aotearoa, New Zealand, the proportion of staff who are
women, particularly at P rank, has increased from fewer than 3% in 2005 to 25% in 2020 but is still
far from parity.

Yet the following questions remain: (i) whether, if we continue with our current patterns and trends,
representation equity will continue to improve until women reach parity; (ii) whether and when parity
will be reached at all ranks and cohorts; (iii) whether and when parity will be reached for all high and
moderate performers; (iv) which levers at universities” disposal would be most effective to ‘pull’ to
enhance equity. To explore these questions, we create a mathematical model of the number and rank
distribution of academic staff at a university and parametrize it by combining two datasets: (i) a
national dataset that scores each individual academic staff member’s research output and impact on a
scale from 0 to 700 points, with (ii) 20 years of anonymised HR data from one university.

The model uses Leslie matrices and compares three key drivers, or levers, that universities could pull
or tweak: hiring, promotion and attrition. A difference in any one of these drivers will lead to a difference
in the final make-up of staff. However, the interplay of these effects can make a different set of inputs lead
to the same outcome. For example, if women were predominantly hired at lower levels than men, it is
possible this could be offset by improved promotional prospects and lower attrition. In other words,
gender differences in inputs could still produce equal representation. We focus our analysis on these
three levers to provide a thorough understanding so that management decisions and programmes
(such as women mentoring schemes with a focus on improving promotion rates and menopause
awareness training to slow attrition) can be targeted to where they will be most helpful.

Exploring these three levers of change is difficult to do. It is hard for studies to qualify the effects of
these interventions as, like any social science phenomenon, individual behaviour is hard to quantify.
Instead, our approach is one of applying the well-established mathematical modelling tools of Leslie
matrices [16], primarily developed for ecological populations, to the population dynamics of academics.
Similar approaches have been used in the past. For example, Shaw & Stanton [9] examine the entire
academic pipeline from undergraduate to P to establish bottlenecks that limit women’s progression.
Danell & Hjerm [17] use a promotion model to conclude that women’s promotion rates from PhD
completion to P are less than men’s. Clifton et al. [14] use a dynamical model to assess levels of bias
and homophily in different academic fields, also concluding that parity will only be reached with
intervention in many areas. Finally, Lawrence & Chen [18] compared two departments within a single
university focusing on the overall proportion of women rather than considering each rank separately as
we do. Furthermore, our model is the first approach of this type to split the population by research
activity level, recognizing the different career tracks that can be taken by individuals in the same institution.

To summarize, we use a simple Leslie matrix model, structured by academic rank, to predict the
future size and gender representation patterns of the academic population. Our model uses three key
inputs which are all easily extracted from payroll data: (i) the expected number of new hires at each
academic rank, (ii) the probability of being promoted to the next rank in the annual promotion
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process, and (iii) the probability of an individual leaving the institution given their rank. By extracting [ 3 |
these parameters separately from the data for men and women academics, we get two independent
models whose outputs can be combined to predict the long-term gender representation at each rank.
We run the model on three separate cohorts or populations: all academics, academics with moderate
research activity and academics with high research activity. For each cohort, we parametrize the
model from 20 years of data, validate the model by comparing the last 15 years of data with our
model prediction and predict the long-term gender representation, i.e. the model steady state. Finally,
we use the model to explore a range of management scenarios. As the three key inputs are
independent in the model formulation, we can manipulate each one both separately and in
combination with the others to see the effect of improving equity in any particular input. For
example, if men’s and women’s promotion rates were identical, does this significantly improve the
gender representation gap? Is attrition a more important driver? Or is simply hiring more women the
key to fixing the gap?

*sosi/Jeunof/610Guiysgnd/aposjedos

2. Data

We used two datasets: payroll data supplied by the University of Canterbury, Aotearoa, New Zealand and
Performance Based Research Fund (PBRF) scores supplied by the Tertiary Education Council of New
Zealand (TEC). The bulk of the analysis was done using the detailed data from University of Canterbury
(UC), and the TEC dataset was used to provide some national context to this particular university.

980T -6 DS uadp 20S Yy

2.1. University

We use 12855 records, anonymized, containing information for over 1300 academics (including 478
women) employed on a continuing academic contract, equivalent to tenured in the US system, at the
UC between 2000 and 2020 for every pay step at which they were employed. The dataset does not
include graduate students, postdoctoral research fellows or teaching only Ls. Each record includes
start date, end date, employee ID number (anonymized) and step on the pay scale. From this data, it
is possible to retrieve the pay step an individual was hired at (provided they were hired after 2000),
the pay step they left at (provided they left before 2020) and any rank promotions during that time.

Like most New Zealand (NZ) universities, there are four major academic ranks: L, SL, AP and
P. Individuals must apply to be promoted from one rank to the next. In general, all individuals move
up a single pay step each year until the highest step in that rank is achieved. Tertiary Education
Union [19] gives details on individual steps and ranks. Each rank contains a defined number of pay
steps. Upon a successful promotion application, they then move to the next rank. It is no longer
uncommon for individuals to be promoted before they reach the top step in that rank. It is also not
uncommon for individuals to sit at the top step within a rank for many years. For promotion from L
to SL, an applicant must excel in any two of the primary areas of teaching, research and service; but
at the higher ranks, strong research performance is almost always required.

Additional information for every individual containing gender, date of birth, ethnicity and academic
department or school for all individuals was also supplied.

2.2. National data

We combine the UC data with a dataset unique to Aotearoa New Zealand—the PBRF. This national
exercise gives every New Zealand academic a personal research score between 0 and 700 based on a
holistic assessment of their research outputs from the previous 6 years. This allows us to group staff
into groups of high research activity and moderate research activity, to consider if different levers are
required for academics on different career pathways.

National research performance assessments were carried out in 2006, 2012 and 2018. These are similar
to the UK Research Excellence Framework but scores are awarded to individuals rather than groups. Any
academic employed at the census date was given a Research Performance Score based on a holistic
assessment of their research outputs in the preceding 6 years. These assessments are done by external
panels of local and international experts with specific knowledge of that particular research area.
Scores are cross-referenced between panels to ensure consistency between academic disciplines. Scores
range from 0 to 700. The data included score, anonymised ID number, institution, date of birth,
ethnicity, gender and research field.



To assign each individual employed by UC with their highest research score during their
employment without using names, we matched the TEC dataset with the UC data using institution,
date of birth, gender and ethnicity. When further clarification was needed, we also used the research
area of the PBRF assessment panel and UC academic department.

As with any performance scoring mechanism, the PBRF is neither free of bias nor immune from
‘gaming the system’ [20]. Women’s average scores have been consistently 5-10% lower than men’s
since the scheme’s inception [6], and one study observed women disproportionately experience effects
of PBRF in their lived experience of academic life [21]. Further, researchers of both European and
indigenous Maori descent have argued that the scheme undermines scholarship by and about
indigenous Maori [22,23]. Recent changes to the PBRF scoring processes for the next round (in 2024)
aim to address some of these biases (both conscious and unconscious) that have led to what Locke
and Bensky called a ‘regime of inequality” [24]. This article does not address the debates surrounding
PBRE instead uses the dataset to explore questions of employment equity.

3. Grouping individuals by research score

For our analysis, we use each individual’s highest recorded PBRF score across all three assessments
(2003/6, 2012, 2018) as a proxy for their long-term research activity. It should be noted that PBRF
scores are grouped into ‘grades’ as follows: 600-700 is A grade (about 15% of the population); 400
599 is B grade; 200-399 is C grade; and 1-199 is R or ‘research inactive’. Among UC staff, very few
had a highest score less than 200; and indeed nationally, the number of R grades among university
staff has decreased dramatically since the inception of PBRF in 2003 [25].

As such, we use the mid-point of the B grade scores as the cut-off between high and moderate
research performance; this is a score of 500. This puts the highest third of researchers into the high
activity group. We classified individuals with a maximum research performance score of less than 500
as having moderate research activity (354 individuals, including 136 women). Individuals with a score
equal to or higher than 500 were classified as having high research activity (220 individuals including
59 women). The remaining individuals did not have a research score, but were included in analysis
on all individuals. The majority of individuals without research scores were hired after 2018 (the latest
PBRF assessment round), though some left before 2003 (the first PBRF assessment round) or were
only employed for a short period that did not coincide with an assessment census date (e.g. 2013-2017).

We use highest score as a proxy for an individual’s research and hence career potential. Scores usually
increase fairly rapidly at the start of an individual’s career then plateau later on. Using an individual’s
highest research score has the possibility of misclassifying individuals, particularly if they only have a
single score available, for two different reasons: (i) national level changes in scores between
assessment rounds and (ii) personal changes in score as individuals progress in their careers.

3.1. Score changes between assessment rounds

Mean research performance scores, both nationally and at UC, showed a large increase between 2006 and
2012 (table 1). Nationally the expected score jumped from 338 points (out of a possible 700) to 418, a rise of
over 23%. This increase stabilized between 2012 and 2018 when the expected score was 433, a rise of less
than 4%. This larger initial increase probably reflects the bedding in of a new system as individuals,
universities and the governing body TEC familiarized themselves with the scoring system. This
stabilization is also seen, though not as dramatically, in the UC scores (table 1). The largest score
increases are seen by researchers at the lower ranks of L. Researchers at the higher ranks of P and AP
saw very small score increases, particularly between 2012 and 2018. Again, UC follows this national pattern.

As research scores were much lower in the 2006 PBRF assessment than in later rounds, using only an
individual’s highest score risks underestimating the activity of individuals who only entered this first
assessment round. For all other individuals, who entered either 2012 and 2018 rounds or both, using
just one score is expected to give a close approximation of how their research activity is perceived by
others throughout their career.

3.2. Score changes due to career progression

Previous analysis on individual scores [6] showed that an individual’s score is expected to rise at the start of
their career, peak at around age 50 then decrease slightly. This means that early career individuals,
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Table 1. Mean research performance scores by rank.

mean score of NZ researchers by rank mean score of UC researchers by rank

2006 2012 2006 2012
L 223 291 309 248 294 316
St 327 n 387 382 388 392
AP 483 485 490 502 481 468
p 5N 563 573 507 554 565
all 338 418 433 376 416 438

particularly those with only a single score may be misclassified as having moderate research activity when
actually they have high activity. We test this misclassification in the sensitivity analysis by using a different
score cut-off for younger individuals. In the sensitivity analysis, we also test a classification scheme using
an individual’s average score, instead of their maximum score, across all assessment rounds.

4. A national context for the study of a single institution

We use the University of Canterbury, Aotearoa, New Zealand, to parametrize and validate the model.
Studies on a single institution are often easily invalidated, as they are just a single data point. We
offset this criticism by using national data on rank and research activity to set this one institution into
a national context. As such we show that UC is not an outlier in any respect, and is probably
representative of at least this country. In international terms, NZ is also rarely seen as an outlier.
Despite its claim to be the first to give women the vote, it is not the haven of gender equity that some
Scandinavian countries can claim to be, nor does it stand out for ingrained attitudes of sexism. The
barriers and support women find in NZ are likely to be similar to those found in many countries.

In 2018, there was no NZ university with equal representation of women across all academic levels
though AUT was the closest at 47.5% women (Black lines figure 1a). Considering only individuals with
high research activity (score> 500) (figure 1b, black lines), the proportion of women drops below 40% in
all institutions. Considering only individuals with moderate research activity (score < 500) (figure 1c,
black lines), there are proportionally more women but still only one institution has more than 50%,
the University of Otago.

When we consider the proportion of women at each rank, a clear picture emerges. Including staff
with any research activity at the lowest rank of L (figure 14, green bars), we see that women are in
the majority, i.e. over 50%, at five of the eight institutions. For seven of the eight institutions, the
lowest rank of L has proportionally more women than any other rank. As rank increases the
proportion of women drops steadily at every institution. At almost every institution, the probability of
a P being a woman is around half the probability of a L being a woman.

If we only consider individuals with moderate research activity (figure 1c), the same picture of
women'’s representation falling as rank increases is seen at every institution. However, considering
only the higher performing individuals (figure 1b), the picture is less clear. Overall, the proportion of
women is much lower but the difference in representation across ranks has no clear picture. This is
possibly because of the smaller numbers of individuals involved, for example, at most institutions,
there are fewer than 10 women with high activity at either of the lower ranks of L or SL. Electronic
supplementary material, table S2 shows the number of men and women in each research activity
group at each university.

Confidence intervals in figure 1 are the 95% confidence interval of the binominal parameter estimate.

5. Model

We use a simple Leslie Matrix population model with an annual time step to predict the number of
individuals at each of the four ranks: L, SL, AP and P over time. The model inputs are the number of
staff hired at each rank in an average year, the probability of staff at each rank being promoted to the
next rank, and the probability of staff at each rank leaving. The key model assumption is that hiring,
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Figure 1. Proportion of women staff at each rank in NZ universities in 2018. Error bars show the binomial 95% confidence interval.
Solid black lines show the proportion over all staff entered into the 2018 PBRF assessment. Grey horizontal line shows 50%. (AUT,
Auckland University of Technology; Linc, Lincoln University; Mass, Massey University; Auck, University of Auckland; Cant, University of
Canterbury; Ota, University of Otago; Wai, University of Waikato Vic, Victoria University of Wellington).

promotion and attrition rates in the future will match those seen in recent years. By iterating the model in
time, or by calculating the steady state directly, we can predict the final equilibrium state of the system
after inertial effects have played out if the current trends of hiring, promotion and attrition continue.

We parametrize and run all models separately for men and women, assuming that the populations
are independent. For each scenario considered, we then combine the outputs for men and women and
report the proportion of staff who are women at each rank either over time or when the system has
reached equilibrium.

The model’s three key inputs are calculated from data as follows:

5.1. Hiring

We calculate the expected number of individuals hired each year by rank, H. This is a simple mean across
the data from 2005 to 2020. We assume the hiring rate is constant and not dependent on the size of the
current population.

5.2. Attrition

We calculate the probability an individual will leave each year by rank. This is the mean of the proportion
of people that left each year considering only individuals of that rank

1 Z number of individuals at rank » who left in year y

"~ number of years total number of individuals at rank 7 in year y

years

The total number of individuals at rank r in each year includes those who were hired in that year.

5.3. Promotion

We calculate the probability an individual will be promoted to the next rank in any particular year. This
is the mean of the proportion of people promoted to a higher rank across all years

1 Z number of individuals who moved from rank r to rank r + 1 in year y

"~ number of years total number of individuals at rank 7 in year y

years
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Finally, S,=1— L, — P, is the probability an individual will stay at that rank that year.

We assume that all three model inputs are constant over time. Data exploration showed that overall,
this was true and the details of this are given in the Sensitivity analysis and model limitations section.

We combine these three parameters to get a matrix A which has diagonal elements A;; = S; and lower
diagonal elements A;,; ;= P;. The Leslie matrix model is given by

R(Y +1)=H + AR(),

where R;(Y) is the number of individuals at rank i in year Y.

Demotions and double promotions, where an individual moves from rank  to rank 7 + 2, are non-
existent in both the data and the model. The attrition rate from each rank is implicit in the A matrix.
Attrition from rankiis L, =1 — Z]‘ Ajj, i.e. 1 minus the column sum of A.

Promotion for an individual is independent of promotion for others both in the model and at UC
which does not cap the number of individuals who can be promoted in one year. So we can consider
any specific group separately of others.

We use the data to find estimates of A and H for the following groups:

— All individuals: women Ay Hyp; men Ay, Huy.

— Moderate research activity, i.e. with a maximum PBRF score between 2006 and 2018 of less than 500:
womenAywr, Hyr; men Ay, Har

— High research activity, i.e. with a maximum PBRF score between 2006 and 2018 of greater than or
equal to 500: women Ay, Hywr; men Ay, Hypre

We find the model equilibrium or fixed point, i.e. when R(Y +1)=R(Y) to estimate the number of
individuals at each rank in the future under current hiring, promotion and attrition rates. Provided all
the diagonal elements of A are less than 1, i.e. there is a non-zero probability that an individual will
leave every rank at some point either through promotion or attrition, the model will reach steady
state, and the steady state is independent of the initial condition. If it exists, the steady state is stable,
and it is the stationary distribution of the Leslie matrix [16]. For a particular group, for example high
research activity staff, we run the model for men and women separately then combine the two
outputs to determine the proportion of staff at each rank who are women.

The model assumes Hiring is constant each year. In reality, this will probably change, for example,
when student numbers dropped significantly after a major earthquake in Christchurch in 2011, there
was a brief hiring moratorium. However, the total number of new hires predominantly affects the
total number of individuals employed and the time to reach steady state, the key model output of the
proportion of staff who are women remains relatively unchanged.

6. Confidence intervals

We use bootstrapped confidence intervals to give an estimate of the robustness of the results. For each
bootstrap simulation, we randomly choose 10% of the data population being considered and
re-assigned their gender from man to woman or vice versa. We then recalculate all the parameter
values using this modified data and rerun the model. Using 500 bootstrapped simulations, we then
present the 95% range of the output.

7. Model fit

Figure 2 shows the model output. The coefficients of determination, r?, is calculated using

2 _ 1 2 Umodel = Yaara)®
Z (ydata - ]7)2

A value of > ~0 shows a correlation no better than the mean value, whereas =~ 1 is almost perfect
correlation between model prediction and data. Negative values of > show a correlation worse than the
mean value of the data. The data at the start of the time period, particularly for the L group is relatively
noisy, to counteract this the initial condition for the model, i.e. the number of individuals in each group in
2005 is the mean of the data between 2005 and 2010. When we consider staff with all research activity
scores (figure 2, column A), the lowest rank of L is dominated by new hires and the model makes a

8077 6 s uadp 205y sosyjeuwmol/biobunsyqndfaanosiedor |



(a) all (b) moderate research () high research
- - — *—
T 05 D 05k 2 05 % *
< < <
£ E £ *Wﬁh
= 2 =0.56 = 2 =0.18 =, r’=-0.18
2010 2020 2030 2040 2010 2020 2030 2040 2010 2020 2030 2040
year year year
. = -
v
2 0s Z o0s 2 0s
3 c R
5 £ £
L=t & &
=, P =0.032 = =059 E r=-067
2010 2020 2030 2040 2010 2020 2030 2040 2010 2020 2030 2040
year year year
o A a
< < <
o) 0.5 o) 0.5 o 0.5
<
g g £
£ < &
= 2 =0.83 = 0 2 =0.82 = 0 2 =0.62
2010 2020 2030 2040 2010 2020 2030 2040 2010 2020 2030 2040
year year year
a9 A 2
T 05 T 05 * T 05
< < <
E W E’ k3 /_%\‘ E
a = & 2-02 o ”2=08
o 2 =0.96 N =0 0
2010 2020 2030 2040 2010 2020 2030 2040 2010 2020 2030 2040
year year year

Figure 2. The model is often an excellent fit to the data with r* > 0.8 in.many cases. Model output compared with data showing
the proportion of women at each rank over time. The best fit is seen using the full dataset (column A). But using the smaller
datasets of only staff with moderate (column B) or high (column () research activity is still a good fit. The initial condition is
the mean of the data between 2005 and 2010. The proportion of women staff at the Lecturer level (top row) has already
reached steady state. At the Professorial level (bottom row) it will not be reached till shortly after 2040.

very poor prediction. The number of new hires varies considerably throughout the data period,
particularly as it spans the time of a major earthquake in Christchurch which had a significant effect
on university student numbers and hence hiring policies. Conversely, the higher ranks that are more
likely to be joined through promotion and have fewer new hires, show a high correlation between
model and data. Overall the model predicts that a steady state in the proportion of women staff has
already been reached at the lowest rank of L at around 48% women. SLs are not far behind and are
predicted to very soon reach a steady state at 34% women. APs are expected to reach steady state in
the next 10 years at 33% women and in a little over 20 years around 36% of Ps are expected to be women.

This same pattern is seen when we parametrize the model with data from the moderate research activity
group. The lowest rank shows poor correlation due to the domination of highly variable hiring and
correlation improves as we move up the ranks of SL and AP. However, the correlation between data and
model for the highest rank of P is very poor. This is due to the very small number of individuals in this
group, rarely more than 10. The predicted time to reach parity for this demographic is similar to that for
the population as a whole and the final steady states are L: 52%, SL: 36%, AP: 45%, P: 15%.

Finally, we consider those individuals with high research activity. Again, correlation is poor at the
lower ranks and good at the highest ranks and steady state is reached in a similar time frame for the
lower ranks. However, (not shown here) the proportion of Ps who are women is predicted to continue
to rise and only reaches equilibrium after 2060. The prediction for the final proportion of women staff
at each level is L: 34%, SL: 32%, AP: 27%, P: 43%.

Bootstrap confidence estimates for the final steady state are shown in figure 3.

8. Management scenarios

By separating the three key drivers of gender equity—hiring, attrition and promotion—the model
provides a useful tool to explore which management strategies will have the most effect on improving
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Figure 3. Hiring more women will have the biggest overall effect on improving gender representation but improving promotion
equity will significantly improve the proportion of women at the highest rank. Proportion of women predicted to be at each rank
after all inertial effects have played out under a range of equity scenarios. (a) All individuals. (b) Only individuals with moderate
research activity. (c) Only individuals with high research activity. Error bars are 90% bootstrapped ranges.

the number of women at each Rank. We consider a range of scenarios where each of the key drivers is
altered, either alone or in conjunction with another driver. This is done by modifying H and/or A to ahgn
with the management scenario being considered. The modified parameter is denoted by either H or A.
For each scenario, we calculate the long-term equilibrium solution and report the fraction of women
at each rank and compare with the status quo solution presented in figure 2.

8.1. Hiring equity

Gender equity in hiring can be achieved in one of two ways, Rank equity, where the number of women
hired is not changed but they are hired at a rank distribution comparable with men hired, or Total equity
where the number and rank distribution of women hires matches that of men.

(1) Rank equity—this keeps the total number of women hired unchanged but distributes them so they
match the rank distribution of the men hired, i.e. H ws = aH,;, where a is the total number of
women hired each year divided by the total number of men hired to keep the total number of
women hired unchanged.

(2) Total equity—this takes the total number of hires (men plus women) and assigns half to be men, and
half to be women. This is done separately at each rank to keep the overall rank distribution
unchanged, i.e. Hy, = Hy, = Hy + Hy)/2.

Promotion equity only women'’s rate of leaving remains unchanged but those that stay are as likely to be
promoted as men. To model this, we keep the column sums of Ay~ fixed, i.e. attrition is unchanged, but
change the ratio of A;;:A; ;41 to match the men’s ratio for the same rank.

Attrition equity only women’s rate of leaving is changed to match the men’s rate. Here we
change the column sum of Ay~ to match the equivalent column sum of A, but keep the ratio of
A,‘iZA,',,'Jr] fixed.

We examine the effect of each equity intervention both individually and in combination with one of
the two other equity interventions. When Hiring equity is combined with either Promotion or Attrition
equity this results in independent changes of both H and A as described above. When the promotion and
attrition equity strategies are combined, i.e. women have the same promotion and attrition rates as men,
the result of both changes on the A matrix results in Aw, = A

In all scenarios bar Total hiring equity, the model for men staff remains unchanged. We consider each
of these scenarios for the whole population, staff with moderate research activity and high research
activity separately.

8077 6 s uadp 205y sosyjeuwmol/biobunsyqndfaanosiedor g



Figure 3 shows the output of long-term gender representation by Rank for each scenario. The
rightmost set of bars also shows the gender split for al ranks combined. In figure 3a, we consider the
entire population. There are three scenarios that bring the gender representation at each rank closest
to parity; all three include the hiring ‘lever’, called ‘Total Hiring Equity’, i.e. half of new hires at every
level are female.

Figure 3b shows that under the status quo women with moderate research activity continue to
dominate in the lowest ranks and are grossly under-represented in the highest rank of P in
comparison with moderately active men under most scenarios. The four scenarios that have the most
effect on this specific area of under-representation all include promotion equity.

Finally, figure 3c shows women with high research activity will continue to be very under-
represented at the three lower ranks under the status quo. All scenarios that remedy this involve Total
hiring equity rather than promotion or attrition equity.

9. Sensitivity analysis and model limitations

In splitting the population by research activity level, we used the highest research performance score an
individual had achieved. This method will give a good estimate of long-term research achievement for
older academics who have probably reached peak performance score, but might underestimate that of
some younger academics whose research has not yet reached its full potential. To correct for this, we
tested a different cut-off for research activity based on age. Using an individual’s oldest age while
employed by UC, we kept the same cut off (500) for any academic over 45 and used a lower cut off
(400) for younger academics. This reclassified an additional 35 individuals as high research activity
(from 220 using the age-free classification), including 12 women. It made no noticeable change to the
results.

Other definitions of high and moderate performance were also tested. For example, taking an
individual’s mean score rather than maximum score; using a different research score cut-off; different
age cut-offs for younger academics. Provided the definition of high research activity was within a
reasonable set of limits that included approximately 1/3 of the population the overall results were not
affected.

The model assumes that the number of individuals hired each year does not depend on the current
number of staff. This mirrors the data where annual hiring showed no dependence on staff numbers.
However, we recognize that hiring is unlikely to be constant in reality. It often depends on student
numbers which are affected by a wide range of factors from political whims to natural disasters. For
these reasons, we made the first order assumption that hiring is constant but for these same reasons
we did not consider total number of staff to be a reliable model output. This is highly dependent on
actual hiring numbers whereas the reported output of fraction of staff who are women is more robust.

Our calculations of the model parameters assume that hiring, attrition and promotion rates have not
changed for the duration of the dataset. To test this assumption, we used a regression model (linear for
the number of individuals hired each year, i.e. Number of new Hires “Year, logistic for the probability an
individual is either promoted or leaves each year, i.e. logit(P(individual is promoted from Rank 7)"Year)
to test the effect of year on each of the three parameters separately. We ran the models separately for each
gender-rank data subset and for all ranks combined, then for the three research activity groupings (all,
moderate, high), i.e. three parameters, five ranks (L, SL, AP, P, All), two genders, three research
activity levels (all, moderate, high): 90 regressions. About 20% of models indicated a small change
over time (see electronic supplementary material, table S2 for full results). Many of these are likely to
be type I error but they do indicate a possible small increase in promotion rates since 2005, which is
not considered in the model. As this increase affects men and women almost equally, it is unlikely to
significantly change the results.

10. Discussion

We use Leslie matrices to compare the effectiveness of tweaking three drivers of gender equity in
representation across university ranks—hiring, promotions and attrition—to ask which, and in what
combination, might hold the most promise for creating a more equitable gender distribution across
the rank structure from L to P. Through this comparison, we are also able to test, and reject, the
demographic inertia hypothesis, that after a time lag we will see [9] and parity will come about
without intervention. Instead of seeing the ranks shift towards equal gender representation by 2050
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of their own accord as demographic inertia would predict, we see intervention is required. Comparing [ 11 |
the three levers, we also find that which lever is the most effective depends on level of research activity.

For those with moderate research activity equity interventions must tweak the promotions lever in
particular the highest rank of P. All of the four scenarios with the strongest observable effect to equalise
the representation of men and women with moderate research scores at the P rank include tweaking
the promotions lever. It is not surprising to see only a few moderately scoring men or women at P
rank, because few academics with low research activity are hired at a Professorial level; and most
moderately scoring Ps will have got there through internal promotions often for their Service or
Teaching prowess. The surprising bit is that markedly more moderately scoring men make it to P
than moderately scoring women. This is despite the international evidence that women become
stronger in the teaching and administrative side of university employment [26], whether they want
to or not [27]. Despite women’s reported strength in the less research-intensive areas of university
life, moderately scoring women do not seem to be promoted in the same way as men.

For the higher scoring group, equity interventions must pull the hiring lever. All of the scenarios that
show equity improvement for the higher scoring group revolve around the simple solution of hiring
more women. Improving their promotion success rate to match that of comparable men has almost no
effect and changing their attrition rate actually makes representation worse, particularly at the highest
rank of P. This suggests that women with high research activity are less likely to leave than men, a
finding not seen in studies that do not split the population by research performance [28].

In our dataset, all of the scenarios that show equity improvement for the higher scoring group pull the
simple lever of hiring more women. However, this hire more women strategy will only work if women
are hired at the same rate as men at each rank, i.e. half of the new hires at L level are women, half of the
new SLs are women, half of the new APs are women and half of the newly hired Ps are women.

On the topic of rank offered at the time of first employment, gendered bargaining behaviours and
success rates might play a role. Some studies observe that women are less likely to ask for a higher
rank or salary when hired, and when they do ask for more, women are less successful than men
[29,30] others who say that when salary bargaining is explicitly allowed, women bargain as often as
men [31]. Whatever the underlying cause, changing hiring patterns could make the sticky floor less
sticky [32]. Our model shows that pulling this lever will have profound effects on equity in gender
distribution across the ranks for all women and those with high research activity in particular.

The flip side to hiring is attrition. A common way for one institution to gain a high-ranking
woman is for another institution to lose one. This path to P is via the metaphorical helicopter —
changing jobs to move up the ranks. Our data from one university suggest that the helicopter
doesn’t carry many women to P and there would be over-representation of women at the
professorial level if it did. We saw in figure 3¢ that changing women’s attrition rates to match
men’s reduces the number of high research activity women Ps. This suggests that women’s
attrition is lower than men’s in this group. Combined with the information that this group are
relatively less likely to be hired than men (i.e. equitable hiring rates increases the number of
women here) this further supports the idea that women cannot helicopter to P easily or often.
International literature suggests that women are less likely to apply for jobs at other universities,
perhaps due to stronger local ties and commitments [33]; but again it could be that women are
applying, but not getting selected for the helicopter ride [29].

Our model highlights two key recommendations: (1) improve the promotion success rate for
moderately research active women at the highest ranks and (2) hire more women with high
research activity. The first recommendation is, in theory, simple and, with an institutional will, a
way could be found. The second is more complex and raises the elephant in the room question of
do these women exist? Why are women over-represented in the moderately scoring group and
under-represented in the high scoring group. Without doing a national study of the research
scoring system itself, that would almost necessarily involve violations of anonymity in a country of
only 5 million, we cannot say with certainty whether or how the scoring system is biased or not.
But the literature offers several explanations of why women might score lower at certain times of
their lives, including child rearing responsibilities [34]. There is also the possibility that studies
suggest women often do more teaching, administration and ‘non-promotable’ tasks [27,35-37]
which will depress research outputs and scores. And finally, there is the ‘double-whammy’ theory
of gender equity, in which universities ‘over-demand and under-reward women’s teaching and
service’ meaning that women ‘suffer doubly in promotions from simultaneously researching less
due to higher teaching and service expectations, while still failing to meet the burden of those
higher expectations” [6].
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11. Conclusion

We compared three levers that universities can pull to increase gender equity among staff across all
ranks—hiring, promotions and attrition. We found changing hiring patterns increases equity patterns
for high performing women, while changing promotions patterns does more for moderate performers.
These findings have management implications for universities seeking to increase gender equity in
representation across the ranks. HR departments should employ different interventions for different
populations. But, since those populations might be indistinguishable at first hiring as it is hard to
predict a prospective employee’s score 20 years hence, the wise HR department would tweak both the
hiring and the promotions levers. While a focus on reducing attrition among women should never be
discouraged, perhaps a focus on empowering women who might have moderate research scores to
get promoted would go further to achieving equity.

Ethics. This project was given approval by the People and Culture Department at the UC and the Tertiary Education
Commission of New Zealand. All data were fully anonymised before the authors were given access.
Data accessibility. For confidentiality reasons, the UC dataset is not publicly available. The authors were granted access
privileges to the anonymized data, under strict non-disclosure agreements by the vice-chancellor of the university.
The TEC data used in this study are owned by a third-party organization (Tertiary Education Commission, New
Zealand). The authors were granted access privileges to the data, under strict non-disclosure agreements, by the
TEC under New Zealand’s Official Information Act 1992. The Official Information Act 1992 facilitates New
Zealanders’ access to government records, through a formal information request. All NZ citizens and residents may
make such requests, under the following guidelines: https://www.dia.govt.nz/Official-Information-Act-requests.
Both datasets pertain to thousands of people’s employment; hence are strictly private and highly sensitive. Due to
ethical and privacy restrictions, a de-identified dataset cannot be made publicly available. However, interested
researchers will be able to replicate the authors’ methods by using the information provided in methods, and
applying it to any similar data. Interested researchers are invited to contact the corresponding authors to discuss
access to data.

Supplementary material is available online [38].
Authors’ contributions. A.J.: conceptualization, data curation, formal analysis, methodology, writing—original draft,
writing—review and editing; A.B.: conceptualization, methodology, writing—original draft, writing—review and
editing.

Both authors gave final approval for publication and agreed to be held accountable for the work performed
therein.
Conflict of interest declaration. We declare we have no competing interests.
Funding. We received no funding for this study.
Acknowledgements. We would like to thank the People and Culture group at UC, particularly Karen Mather, for their
support of this work.

References

Gaston N. 2015 Why science is sexist, vol. 34. 7. Diaz-Garcia C, Gonzalez-Moreno A, Jose Saez- representation among faculty in higher
Wellington, New Zealand: Bridget Williams Martinez F. 2013 Gender diversity within R&D education. J. High. Educ. 78, 1-26. (doi:10.
Books. teams: its impact on radicalness of innovation. 1353/jhe.2007.0003)

Shen H. 2013 Mind the gender gap. Nature Innovation 15, 149-160. (doi:10.5172/impp. 12. Thomas NR, Poole DJ, Herbers JM. 2015
495, 22. (doi:10.1038/495022a) 2013.15.2.149) Gender in science and engineering faculties:
Higher Education Statistics Agency. 2016-17 8. Settles IH, Cortina LM, Malley J, Stewart Al. demographic inertia revisited. PLoS ONE 10,
Student Statistics. See https://www.hesa.ac.uk/ 2006 The climate for women in academic €0139767. (doi:10.1371/journal.pone.
news/11-01-2018/sfr247-higher-education- science: the good, the bad, and the changeable. 0139767)

student-statistics/subjects (accessed June 2018). Psychol. Women Q. 30, 47-58. (doi:10.1111/j. 13. Prokos A, Padavic I. 2005 An examination of
National Science Foundation. 2016 Survey of 1471-6402.2006.00261.x) competing explanations for the pay gap among
earned doctorates. See https://www.nsf.gov/ 9. Shaw AK, Stanton DE. 2012 Leaks in the scientists and engineers. Gender Soc. 19,
statistics/2018/nsf18304/data.cfm (accessed pipeline: separating demographic inertia from 523-543. (doi:10.1177/0891243205274462)
June 2018). ongoing gender differences in academia. 14 Clifton SM, Hill K, Karamchandani AJ, Autry EA,
James A, Chisnall R, Plank MJ. 2019 Gender and Proc. R. Soc. B 279, 3736-3741. (doi:10.1098/ McMahon P, Sun G. 2019 Mathematical model
societies: a grassroots approach to women in rsph.2012.0822) of gender bias and homophily in professional
science. R. Soc. Open Sci. 6, 190633. (doi:10. 10.  Hargens LL, Long JS. 2002 Demographic inertia hierarchies. Chaos Interdiscip. J. Nonlinear Sci.
1098/rs05.190633) and women’s representation among faculty in 29, 023135. (doi:10.1063/1.5066450)

Brower A, James A. 2020 Research performance higher education. J. High. Educ. 73, 494-517. 15. Holman L, Stuart-Fox D, Hauser CE. 2018 The
and age explain less than half of the gender (doi:10.1353/jhe.2002.0037) gender gap in science: how long until women
pay gap in New Zealand universities. PLoS ONE 1. Marschke R, Laursen S, Nielsen JM, Rankin P. are equally represented? PLoS Biol. 16,

15, €0226392. (doi:10.1371/journal.pone.
0226392)

2007 Demographic inertia revisited: an
immodest proposal to achieve equitable gender

€2004956. (doi:10.1371/journal.pbio.
2004956)

681077 °6 S todp 205 'y sosy/jeunol/bioBusygndisaposeror i


https://www.dia.govt.nz/Official-Information-Act-requests
http://dx.doi.org/10.1038/495022a
https://www.hesa.ac.uk/news/11-01-2018/sfr247-higher-education-student-statistics/subjects
https://www.hesa.ac.uk/news/11-01-2018/sfr247-higher-education-student-statistics/subjects
https://www.hesa.ac.uk/news/11-01-2018/sfr247-higher-education-student-statistics/subjects
https://www.nsf.gov/statistics/2018/nsf18304/data.cfm
https://www.nsf.gov/statistics/2018/nsf18304/data.cfm
http://dx.doi.org/10.1098/rsos.190633
http://dx.doi.org/10.1098/rsos.190633
http://dx.doi.org/10.1371/journal.pone.0226392
http://dx.doi.org/10.1371/journal.pone.0226392
http://dx.doi.org/10.5172/impp.2013.15.2.149
http://dx.doi.org/10.5172/impp.2013.15.2.149
http://dx.doi.org/10.1111/j.1471-6402.2006.00261.x
http://dx.doi.org/10.1111/j.1471-6402.2006.00261.x
http://dx.doi.org/10.1098/rspb.2012.0822
http://dx.doi.org/10.1098/rspb.2012.0822
http://dx.doi.org/10.1353/jhe.2002.0037
http://dx.doi.org/10.1353/jhe.2007.0003
http://dx.doi.org/10.1353/jhe.2007.0003
http://dx.doi.org/10.1371/journal.pone.0139767
http://dx.doi.org/10.1371/journal.pone.0139767
http://dx.doi.org/10.1177/0891243205274462
http://dx.doi.org/10.1063/1.5066450
http://dx.doi.org/10.1371/journal.pbio.2004956
http://dx.doi.org/10.1371/journal.pbio.2004956

16.

17.

18.

19.

20.

21.

22.

2.

24,

Caswell H. 2000 Matrix population models, vol.
1. Sunderland, UK: Sinauer.

Danell R, Hjerm M. 2013 Career prospects for
female university researchers have not
improved. Scientometrics 94, 999—1006. (doi:10.
1007/511192-012-0840-4)

Lawrence B, Chen X. 2015 The effect of
demographic inertia on increasing the percent
of women on university faculty. In UCLA (CPR
Population Working Papers.

Tertiary Education Union. 2022 Collective
Agreements. See https://teu.ac.nz/collective-
agreements (accessed 1 June 2022).

Buckle RA, Creedy J, Gemmell N. 2020 Is
external research assessment associated with
convergence or divergence of research quality
across universities and disciplines? Evidence
from the PBRF process in New Zealand. Appl.
Econ. 52, 3919-3932. (doi:10.1080/00036846.
2020.1725235)

Grant BM, Elizabeth V. 2015 Unpredictable
feelings: academic women under research audit.
British Educ. Res. J. 41, 287-302. (doi:10.1002/
berj.3145)

Hobson J, Hall M. 2010 Publish or perish? The
challenge of journal rankings for Maori-related
research. Mai Rev. 3, 1-5.

Roa T, Beggs JR, Williams J, Moller H. 2009 New
Zealand's performance based research funding
(PBRF) model undermines Maori research. J. R.
Soc. N. Z. 39, 233-238.

Locke K, Bensky L. 2022 Invisible women: the
PBRF as a regime of inequality in Aotearoa New
Zealand. Knowl. Cultures 10, 52. (doi:10.22381/
kc10220223)

25.

26.

27.

28.

29.

30.

Buckle RA, Creedy J. 2019 The evolution of
research quality in New Zealand universities as
measured by the performance-based research
fund process. New Zealand Econ. Papers 53,
144-165. (doi:10.1080/00779954.2018.
1429486)

El-Alayli A, Hansen-Brown AA, Ceynar M. 2018
Dancing backwards in high heels: female
professors experience more work demands and
special favor requests, particularly from
academically entitled students. Sex Roles 79,
136-150. (doi:10.1007/511199-017-0872-6)
0'Meara K, Kuvaeva A, Nyunt G, Waugaman (,
Jackson R. 2017 Asked more often: gender
differences in faculty workload in research
universities and the work interactions that
shape them. Am. Educ. Res. J. 54, 1154-1186.
(doi:10.3102/0002831217716767)

Cropsey KL, Masho SW, Shiang R, Sikka V,
Kornstein SG, Hampton CL, Committee on the
Status of Women and Minorities, Virginia
Commonwealth University School of Medicine,
Medical College of Virginia Campus. 2008 Why
do faculty leave? Reasons for attrition of women
and minority faculty from a medical school:
four-year results. J. Women’s Health 17,
1111-1118. (doi:10.1089/jwh.2007.0582)

Artz B, Goodall AH, Oswald AJ. 2018 Do women
ask? Ind. Relations: J. Econ. Soc. 57, 611-636.
(doi:10.1111/irel.12214)

Bowles HR, Babcock L, Lai L. 2007 Social
incentives for gender differences in the propensity
to initiate negotiations: sometimes it does hurt to
ask. Organ. Behav. Hum. Decis. Processes 103,
84-103. (doi:10.1016/j.0bhdp.2006.09.001)

31

32,

33

34.

35.

36.

37.

38.

Leibbrandt A, List JA. 2015 Do women

avoid salary negotiations? Evidence from a
large-scale natural field experiment. Manag.
Sci. 61, 2016—2024. (doi:10.1287/mnsc.2014.
1994)

Bjerk D. 2008 Glass ceilings or sticky floors?
Statistical discrimination in a dynamic model
of hiring and promotion. Econ. J. 118,
961-982. (doi:10.1111/j.1468-0297.2008.
02157.x)

Blackaby D, Booth AL, Frank J. 2005 Outside
offers and the gender pay gap: empirical
evidence from the UK academic labour market.
Econ. J. 115, F81-F107. (doi:10.1111/.0013-
0133.2005.00973.x)

Mason MA, Wolfinger NH, Goulden M. 2013 Do
babies matter? Gender and family in the ivory
tower. New Brunswick, NJ: Rutgers University
Press.

Babcock L, Recalde MP, Vesterlund L, Weingart
L. 2017 Gender differences in accepting and
receiving requests for tasks with low
promotability. Am. Econ. Rev. 107, 714-747.
(doi:10.1257/aer.20141734)

Guarino CM, Borden VM. 2017 Faculty service
loads and gender: are women taking care of the
academic family? Res. High. Educ. 58, 672—694.
(doi:10.1007/511162-017-9454-2)

Howald G et al. 2007 Invasive rodent eradication
on islands. Conserv. Biol. 21, 1258—1268.
(doiz10.1111/1.1523-1739.2007.00755.X)

James A, Brower A. 2022 Levers of change:
using mathematical models to compare gender
equity interventions in universities. Figshare.
(doi:10.6084/m9.figshare..6168219)

81077 6 s uadp 205y sosyjeumol/biobunsyqndfaanosiedor i


http://dx.doi.org/10.1007/s11192-012-0840-4
http://dx.doi.org/10.1007/s11192-012-0840-4
https://teu.ac.nz/collective-agreements
https://teu.ac.nz/collective-agreements
http://dx.doi.org/10.1080/00036846.2020.1725235
http://dx.doi.org/10.1080/00036846.2020.1725235
http://dx.doi.org/10.1002/berj.3145
http://dx.doi.org/10.1002/berj.3145
http://dx.doi.org/10.22381/kc10220223
http://dx.doi.org/10.22381/kc10220223
http://dx.doi.org/10.1080/00779954.2018.1429486
http://dx.doi.org/10.1080/00779954.2018.1429486
http://dx.doi.org/10.1007/s11199-017-0872-6
http://dx.doi.org/10.3102/0002831217716767
http://dx.doi.org/10.1089/jwh.2007.0582
http://dx.doi.org/10.1111/irel.12214
http://dx.doi.org/10.1016/j.obhdp.2006.09.001
http://dx.doi.org/10.1287/mnsc.2014.1994
http://dx.doi.org/10.1287/mnsc.2014.1994
http://dx.doi.org/10.1111/j.1468-0297.2008.02157.x
http://dx.doi.org/10.1111/j.1468-0297.2008.02157.x
https://doi.org/10.1111/j.0013-0133.2005.00973.x
https://doi.org/10.1111/j.0013-0133.2005.00973.x
http://dx.doi.org/10.1257/aer.20141734
http://dx.doi.org/10.1007/s11162-017-9454-2
http://dx.doi.org/10.1111/j.1523-1739.2007.00755.x
http://dx.doi.org/10.6084/m9.figshare.c.6168219

	Levers of change: using mathematical models to compare gender equity interventions in universities
	Introduction
	Data
	University
	National data

	Grouping individuals by research score
	Score changes between assessment rounds
	Score changes due to career progression

	A national context for the study of a single institution
	Model
	Hiring
	Attrition
	Promotion

	Confidence intervals
	Model fit
	Management scenarios
	Hiring equity

	Sensitivity analysis and model limitations
	Discussion
	Conclusion
	Ethics
	Data accessibility
	Authors' contributions
	Conflict of interest declaration
	Funding
	Acknowledgements
	References


