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Numerous explanations have been proposed for
the underrepresentation of wormen in computer

science research. Using an expansive dataset, we
ask which of these explanations apply even more

to researchers in computer systems.

n a recent study, we found that the ratio of female-

to-male authors in computer systems conferences

is particularly low, even compared to the rest of

computer science (CS).! The large and statistically
significant underrepresentation cannot be fully ex-
plained by review bias, differences in collaboration
patterns, and numerous other demographic and con-
ference factors alone.?

INTRODUCTION

Having previously answered the question of “how many
women are in computer systems research?”, we now
ask “why are there so few women in computer systems
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research?”, expanding beyond mea-
surable facts and venturing into the
domain of hypothesis and specula-
tion. This simple question likely has
no simple answers, and this article
does not attempt to provide any de-
finitive ones either. Instead, we at-
tempttobreak down thisbig question
into a number of smaller, speculative
questions, and gather what evidence
we can find to provide, if not outright
answers, at least justification for the
questions and for future investigation.

There are many dimensions—economic, societal, his-
torical, and structural—that influence this gender gap.34
We may never be able to explain it fully; however, we can
examine many of the factors that have been previously
identified as possible contributors to the gender gap in CS
and other sciences in an attempt to assess whether they
have an outsize effect on systems in particular. (For this
study, we define systems as the study and engineering of
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concrete computing systems, which in-
cludes research topics such as operating
systems, computer architectures, data
storage and management, compilers,
parallel and distributed computing, and
computer networks.) Based on our ex-
perience in the field, our conversations
with fellow female researchers about
their experiences, and the existing

potential factors on the increased gen-
der gap in systems, each presented as a
hypothesis that it has a more significant
effect on the gender gap in systems in
particular. The 10 hypotheses are orga-
nized into two groups: six where our
data provide evidence for or against an
increased effect and four for which we
have no specific data but can speculate

The largely male teams may feel less welcoming to
women authors, compared to fields that rely less on
large collaborative efforts.

literature on the gender gap in other
fields, we attempt to examine possible
contributors to the gender gap in CS
and other sciences in the specific con-
text of the systems field.

In this viewpoint, we examine
10 such factors, supporting our dis-
cussion with quantitative evidence
when possible. Our main source of
data is a manually curated dataset of
72 reputable CS conferences, all from
2017. The conferences from the fields
we identified as systems included a
total of 7,507 unique authors, with
the remaining 16,971 unique authors
from nonsystems conferences. All
6,949 peer-reviewed research-track
papersinthese conferences and their
authors were included in the data.
We manually matched most authors
with a perceived gender, based on
pronouns and photos, rather than
using automated approaches using
name-based inference because the
accuracy and recall of this inference
can be quite low for some popula-
tions. In total, we analyzed 27,743 au-
thors (19,761 unique). The complete
methodological aspects of identi-
fying and cleaning the appropriate
data as well as the main statistical
findings about the underrepresen-
tation of women in the field can be
found in our original study.!

Here, we combine our -current
dataset with prior studies to try to
evaluate the impact of each of the 10
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based on the characteristics of systems
research. For each factor, we briefly
explain its observed effects on the
gender gap from previous studies and
then try to find support in the data (or
lack thereof) for an increased effect
of this factor in systems.

FACTORS FOR WHICH
WE HAVE QUANTITATIVE
EVIDENCE

Hypothesis 1: Too few women
peers and mentors

Paradoxically, a large gender gap in a
field could itself be partially caused
by an existing large gender gap.
The lack of female mentors, peers,
and role models dissuades women
from entering or remaining in a field
where they can feel unsupported
and singled-out.>6789 Addition-
ally, it appears that women in sys-
tems have a small but significant
preference to publishing with other
women—who are already scarce.l
This gender homophily is certainly
not unique to this field, but it rein-
forces the notion that having fewer
women in systems makes it less in-
viting to new women.

Moreover, in the overall 6,949 CS
papers we looked at, when the senior
(last) author is a woman, non-senior
authors include 17.5% women, com-
pared to only 9.6% when the senior
author is a man. However, of the 2,439

papers in systems, only 9.9% have
a female senior author, compared
to 14.8% in nonsystems papers. The
paucity of systems papers with senior
women suggests that junior women
have about a 50% better chance to find
a senior woman to collaborate with
outside of systems.

Hypothesis 2: Highly collaborative
fields are less welcoming

to gender minorities

Another potential consequence of
having fewer peers and fewer publica-
tions for women is that finding simi-
lar collaborators for a research proj-
ect may be more difficult in certain
fields, 1011 especially those that typi-
cally require larger research teams.!
So the largely male teams may feel
less welcoming to women authors,
compared to fields that rely less on
large collaborative efforts. Indeed,
in our dataset, systems had the larg-
est team sizes (5.08 mean coauthors
per paper versus 3.56 in other fields),
possibly because this field often re-
quires large collaborative efforts to
implement complex systems. (Men
also averaged 2% larger team sizes
than women, but this difference was
not statistically significant.)

Hypothesis 3: Women

are better represented in
human-centered fields

It has been shown that owing to tra-
ditional social roles, women tend to
be more people-centered and commu-
nally oriented than men in their career
choices.1213.14 On the other hand, most
science and technology careers are not
perceived as focusing heavily on these
values.89 Even within CS, the repre-
sentation of women appears much
higher in fields ostensibly centered
on humans, such as human-computer
interaction and computer education
(Table 1). Although many computer
systems directly and indirectly bene-
fit society, the field could be perceived
as one that primarily focuses on ma-
chines and not on societal or commu-
nity benefits. That perception alone
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may further deter women's entry into
the field.

Hypothesis 4: Women

are underrepresented in
engineering fields

CS is a varied discipline that combines
aspects from mathematics, algorith-
mics, and engineering. In particular,
work in systems is very similar to other
engineering disciplines, with its em-
phasis on efficiency, tradeoff manage-
ment, and practical applications. At
least 9% of the systems papers in our
dataset have one or more authors af-
filiated with an academic engineering
department, although the percentage
of authors with an electrical or com-
puter engineering degree is poten-
tially even higher. It is therefore not
surprising that the representation of
women we find in systems papers is
very similar to some estimates for en-
gineers in general.!>16

Hypothesis 5: Fewer women
pursue research in industry

Women engineers also appear to be
significantly underrepresented in in-
dustry research.1718 As a field related
to engineering, we might expect sys-
tems to exhibit similarly large gen-
der gaps for industry researchers. In
addition, since systems research and
development is increasingly central to
the success of both technology start-
ups and large-scale companies such
as Google, Amazon, and Microsoft, we
might also expect the high demand for
skilled workers in industry to amplify
this factor.

Despite our expectations, the hy-
pothesis that an industry affiliation
leads to a higher gender gap in research
is only weakly supported by our data.
By extracting the e-mail address asso-
ciated with each author in our systems
papers, we can roughly categorize each
author with a uniquely identifiable af-
filiation as either in government, ac-
ademia, or industry.2 Of the 13.9% au-
thors with an industry affiliation, 8.8%
were women, not much lower than the
overall rate of women.

Hypothesis 6: Women

leave research careers at

a higher rate than men

It is well known that women in the sci-
ences and CS leave academia at a higher

closer to the ratio of all female authors
in systems, 10.3%, compared to the ra-
tios in nonsystems papers (14.8% and
16.3%, respectively), suggesting a sim-
ilar or lower attrition rate for women

Rather than having an attrition problem, it is
possible that the field has a bigger challenge
attracting women to the field in the first place.

rate than men (the so-called “leaky pipe-
line”).4915.19 Looking at the ratio of re-
searchers in our dataset who appear
to have stopped publishing by 2019,
we find, surprisingly, that women did
not leave research at a higher rate than
their male counterparts; only 16.9% of
women ostensibly stopped publishing,
compared to 24.4% of men. As another
measure of the retention rate of women
to senior positions, we can also look at
the ratio of female last authors, since in
CS and especially in systems, authors
are often ordered by contribution, with
the senior author at the last position.
In our dataset, only 12.3% of systems
papers with three or more authors
have ordered them alphabetically.
Women last authors appear in 9.9% of
our systems papers, which is actually

in systems. Rather than having an at-
trition problem, it is possible that the
field has a bigger challenge attracting
women to the field in the first place.

FACTORS FOR WHICH WE
HAVE NO QUANTITATIVE
EVIDENCE

Hypothesis 7: Systems research
requires more precollege
programming experience

The gender disparity in precollege
computing and programming expe-
rience has been studied extensively
as a factor affecting postsecondary
participation in CS.56 Systems re-
search in particular may require an
intimate understanding of program-
ming systems and may benefit from

TABLE 1. The percentage of female authors in peer-reviewed conference
papers across fields of CS, omitting authors with ambiguous gender.

CS education

Human-computer interaction
Knowledge systems

Software engineering and languages
Artificial intelligence

Computer systems

Theory and algorithms

Overall

457 42.2%
4,066 26.3%
1,793 16.1%
961 13.7%
8,908 11.8%
9,678 10.3%
1,241 8.3%

27,104 14.1%

* Authors count multiple times when they appear on more than one paper. The difference in female author ratio
between systems and nonsystems fields is statistically significant (p < 1079).
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precollege programming experience,
ashasbeen found for the systems sub-
field of high-performance comput-
ing.8 Precollege girls were also found
to be less likely than boys to dissect
a computer.!? Since women are less
likely to learn about hardware and
software at a young age, they may
be less experienced than men with
the low-level programming tasks re-
quired in systems.

Hypothesis 10: Women'’s
participation rate in a field

varies by geography

Several studies have found that re-
gional, cultural, and societal factors
can significantly affect the number of
women in a field.> For example, even
the geographical variance in implicit
gender stereotypes can explain gender
disparity in math and science perfor-
mance.2! In our dataset, the represen-

At an institutional level, one approach may be
to hire a cluster of women researchers together
instead of piecemeal.

Hypothesis 8: Women

are underrepresented in

more expensive fields

Studies have shown that in fields where
research financial expenditures are
higher, women consistently publish
less than men.20 Systems research
often requires expensive equipment
such as experimental computer ar-
chitectures, supercomputers, or cloud
resources. It is therefore plausible that
the higher cost of systems research
leads to lower participation and pub-
lication rates by women, as opposed to
other, less costly CS fields.

Hypothesis 9: Systems research
implies worse work-life balance

If systems research is indeed more
competitive than some other academic
fields (for which we found no published
evidence), it may require a bigger com-
mitment to work for success. Similarly,
many of the technology companies
that attract skilled systems research-
ers have a reputation for long work-
ing hours. These factors could lead to
a work-life balance that is worse for
systems than it is for some other CS
research fields. Some women may al-
ready feel that a CS career is hard to
reconcile with raising a family,!? and
the perception of systems careers as
particularly demanding may exacer-
bate this problem.
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tation of women varies considerably
by country.?2 Even among the top 20
countries (by number of authors), rep-
resentation varies from 2% in Portugal
and Japan to 14% in Sweden (11.4% in
the United States, the largest coun-
try with 55% of systems authors). We
don't have evidence for gender stereo-
types or cultural differences that are
specific to computer systems, but we
could hypothesize that when it comes
to systems, some of the preceding hy-
potheses have the potential to sharpen
preexisting cultural biases toward CS
and sciences in general, such as the ef-
fects on work-life balance.

he possible explanations for the

gender gap we listed here are by

all means not exhaustive. Other
well-known factors we didn't discuss
include occupational stereotypes, abil-
ity, confidence, demographics, dis-
crimination, bias, competitive work,
and a sense of belonging or of being
valued. We found no specific reasons
to believe that these additional factors
have an increased effect in systems
research. However, we have heard an-
ecdotal complaints from women prac-
titioners about the toxic masculine
culture in systems labs and some sys-
tems conferences. Read, for example,
Margaret Martonosi's statement on

diversity in at the MICRO-50 confer-
ence in the ACM SIGARCH blog.?3

Attempting to generalize the 10 spe-
cific factors we discussed is challenging
because the observed aggregate gender
gap is the result of many individual de-
cisions based on individuals' circum-
stances and experiences. One common
thread, however, is the chicken-and-egg
nature of the problem. Most of the fac-
tors (causes) are themselves exacer-
bated by the current dearth of women
in the field (effect), which has persisted
for years. We therefore believe that ad-
dressing this chicken-and-egg problem
cannot succeed with diversity initia-
tives in hiring or conferences alone.?
Such initiatives are clearly welcome, as
are other interventions to reducing the
gender gap in CS.%22 But for systems in
particular, we think a concerted effort is
warranted to significantly increase the
number of women across the field, mak-
ing it more welcoming to women and
minorities in general and bootstrapping
along-term solution.

At an institutional level, one ap-
proach may be to hire a cluster of women
researchers together instead of piece-
meal. Given the existing gender gap
we described, this is admittedly easier
said than done, but hiring one woman
at a time may actually contribute to the
problem rather than the solution, as we
described. To address this challenge,
an institute may take a long-term per-
spective of encouraging a large group of
women to enter the field early in gradu-
ate (or even undergraduate) school, of-
fering them a clear career horizon with
reasonable prospects of returning as
faculty. At a national level, governments
and large professional organizations
such as IEEE and ACM could commit to
long-term scholarships and grants for
women in the field, starting perhaps as
early as high school and continuing to
support them through the formation
of a research lab, perhaps all the way to
tenure. At both levels, we posit that a
sustainable solution requires a large ini-
tial investment to reach a critical mass,
thus helping to attract and retain future
women in systems.[d
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