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ABSTRACT

We study the problem of inequitable access to public restrooms by
women and the LGBTQ+ community. Individuals enter a restroom
based on their gender identity and the expected (or observed) wait
time. We consider two measures of potty parity: first, the conven-
tional wait-time parity, and second, our proposed utility parity,
which encompasses both wait time and gender identity to estimate
users’ utility for using a restroom. We show the benefits of unisex
restrooms analytically and from various angles: (a) reducing the
wait time for the women’s restroom; (b) enhancing the potty par-
ity of wait times and users’ utility; (c) increasing users’ feelings of
safety; and (d) shrinking the wait-time disparity when arrival rates
fluctuate. Moreover, we provide insights into both renovating ex-
isting buildings and designing restrooms from scratch. In particu-
lar, we show the following: (i) The process flexibility of having a
one-unit unisex restroom, either by converting a unit of the men’s
restroom or building an additional one, goes a long way toward
improving wait time or user utility, and reducing their disparities.
(ii) Building the women’s room and the unisex restroom next to
each other (such that users can jockey lines) improves potty par-
ity. (iii) Even though an all-unisex restroom leads to parity of wait
times, surprisingly, it does not improve utility potty parity, but re-
verses the ranking of users’ utility in the population. (iv) Providing
an all-unisex room plus urinal(s) can increase efficiency still more.
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1 INTRODUCTION

Providing fair access to public restrooms has been an issue for so
long in our society that the term potty parity was coined to de-
scribe this specific issue. Potty parity is defined as “equitable access
of all users to public restrooms." There are at least two main prob-
lems with the current design of public restrooms that the media
highlight in the news. First, “for a typical busy bathroom, women
have to wait about 34 times as long as men. But, contrary to some
stereotypes, it’s not because they’re busy chitchatting or reapply-
ing their makeup inside""! Second, in a podcast, Sandy Allen from

Uhttps://www.insider.com/why-women-always-wait-longer-bathroom-public-
restroom-2019-9
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upstate New York, speaking as a non-binary and transgender per-
son whose gender expression lands between “female" or “male,’
said, “Some strangers call me sir, others call me ma’am. So public
restrooms always present this dilemma. In women’s rooms, people
look at me weird or say mean things. But I am often too afraid to go
into men’s rooms. I am sure, and I have this voice, but I am too wor-
ried that those straights could make me a target. It can feel risky
and exhausting to navigate these two bad options." Sandy contin-
ued by saying, ‘I am in the New York City subway, and I did not
find a bathroom earlier, and it has been hours, and that is difficult,
but I am just going to hold it for more hours."?

The first major problem is that women tend to spend much
more time waiting in queues to use public restrooms than men.3
This is the case especially in older buildings that used to be male-
dominated environments, due to the disproportionate allocation of
the number of plumbing fixtures (hereafter, “fixtures”) to women’s
and men’s restrooms. The International Plumbing Code (IPC) that
sets the quota for the minimum number of gender-segregated re-
strooms a building has to provide acknowledged the disparity of
wait times between the women’s and men’s restrooms and required
equal square footage for the two restrooms in 2004. However, this
requirement did not resolve the problem because women’s restrooms
occupy more space (urinals require less space than individual toilet
stalls), and thus, the number of fixtures in a women’s restroom will
be less than the number in a men’s of equal size. IPC 2009 revised
the requirement, stipulating instead an equal number of fixtures.
However, this requirement still could not resolve the issue because
women tend to spend more time in restrooms due to physiological
differences, and often accompany an elderly woman or a child to
the washroom. IPC 2015 revised its requirement to a 2-to-1 ratio
of fixtures in favor of women. In a numerical study, Huh et al. [7]
show that even this ratio does not fully resolve the issue. In view of
the IPC requirement from 2004 to 2015, we can assume that build-
ings built and renovated before 2015 would suffer from disparity
of wait times for the women’s and men’s restrooms.

The second major problem is that trans and gender non-conforming
people do not have access to safe and comfortable public restrooms.
Gender-segregated restrooms tend to be an anxiety-provoking en-
vironment for individuals whose gender expression is neither male
nor female, like Sandy. They may encounter an unwelcome cli-
mate or even verbal or physical assault when entering either of
these restrooms.* Lack of access to public restrooms leads to in-
creased physical and mental problems among the LGBTQ+ com-
munity; see Price-Feeney et al. [10]. There is an increase in demand

2https://99percentinvisible.org/episode/where-do-we-go-from-here/
Shttps://www.theatlantic.com/family/archive/2019/01/women-men-bathroom-lines-
wait/580993/
*https://www.rollingstone.com/culture/culture-news/what-its-like-to-use-a-public-
bathroom-while-trans-65793/
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for unisex/all-gender/gender-neutral restrooms, with people sign-
ing petitions and submitting requests to facilities for these types of
restrooms.’ However, many buildings have still not adopted uni-
sex restrooms, or the number and location of the unisex rooms
provided are not sufficient to give equal access to all users.

In view of these two major problems, we study whether and to
what extent adopting unisex restrooms helps with both the long
wait time for the women’s restroom and the lack of access to a re-
stroom aligned with one’s gender identity. One challenge is how
to measure potty parity. Looking into the literature (see, e.g., Huh
et al. 7) and practice (see, e.g., IPC 2004-2021), we find that the ef-
forts have been directed at equating wait times for the women’s
and men’s restrooms, which we refer to as wait-time parity. Even
though this effort may address the first problem, it does not solve
the second. We propose a more inclusive measure, utility parity,
which accounts for users’ gender identity in addition to their wait
time. This measure seeks a design for all users that reduces the
gap between the utilities of any two arbitrary users using the ser-
vice. Therefore, this measure of utility parity is people-centric and
tries to consider every individual and reduce the disparity of their
utilities from the service.

Our work is related to three research streams. First, we draw in-
spiration from the queueing literature, in particular those papers
that use queueing methodology to study socioeconomic behavior
in service systems; see [1], [14] , and [4]. In addition, the way we
model how people choose which restroom to go is consistent with
the queueing economics literature, in which rational customers
choose the line that gives them the highest utility as a function of
quality and wait time (which depends on service capacity) under a
given (observable, unobservable, or another) information structure
of the system, see [13] and Yang et al. [15].

Second, our paper contributes to the literature on process flex-
ibility. Jordan and Graves [8] study the benefits of a little process
flexibility in production plants. Since then, many papers have ex-
plored and demonstrated the benefit of having a bit of process flex-
ibility in various operational settings; see Gurumurthi and Benjaa-
far [5], Bassamboo et al. [2]. We show that having a little restroom
flexibility through unisex rooms contributes significantly to potty
parity. In contrast, Sunar et al. [11] show when delay-sensitive cus-
tomers can decide to join or balk in an observable queueing system,
pooling queues can result in strictly smaller social welfare than
the dedicated system. Our work shows the advantage of dedicated
services when a portion of users spend less time using a dedicated
server in an unobservable queueing setting. In particular, we show
that having dedicated stalls for cis and trans men who use the re-
stroom to urinate can increase system efficiency compared to an
all-unisex restroom.

Third, our research is related to the literature on gender issues
in operations management (see Cachon et al. 3 for references of pa-
pers on ethics, equity, and well-being in operations management).
[9] study the pricing (uniform pricing vs. price discrimination) and
capacity allocation for two classes of customers when customers’
utility depends on how many and who the other class of customers
using the service are. They use the motivating example of a bar

Shttps://seattlespectator.com/2019/10/17/students-petition-law-school-to-de-gender-
bathrooms/

with two classes of customer—women and men, and thus, cus-
tomers’ utility depends on the price they pay as well as the portion
of each gender using the bar. [12] consider ride-hailing platforms
where female riders and drivers may have safety concerns about
being matched with male drivers and riders respectively. In partic-
ular, the authors study the design of a gender-specific service for
ride-hailing systems. In our work, we also consider the safety con-
cerns of the users motivated by reports on the verbal and sexual
harassment of transgender people in public restrooms. We show
that unisex restrooms can reduce safety concerns for all users.
Huh et al. [7] is the paper closest to ours, as they also study the
potty parity problem. Using simulation, they show that to bridge
the potty parity gap between the women’s and men’s rooms, the
women’s room requires at least twice as many fixtures as the men’s
room. In contrast, we analyze the potty parity problem by formu-
lating the utility function of the users depending on their gender
identity and wait time. We include non-binary users, making it
possible to consider the effect of service design on all users with-
out classifying or labeling individuals based on their gender. Using
the utility model, we focus on the benefits of the unisex restroom
in reducing the disparity in wait times as well as the disparity of
utilities among users.

2 MODEL

Now we provide a utility model for users of public restrooms on
entering gender-segregated and unisex rooms. We consider users’
utility to consist of the reward they gain on using a restroom mi-
nus the disutility of waiting in line and the disutility associated
with the mismatch between some users’ gender identity and the
restrooms’ signage. We next use the queueing model to formulate
users’ disutility from waiting in line, and then we use the Hotelling
model to formulate the disutility associated with users’ gender
identity. We assume users are utility maximizers, and thus, when
we study and compare the restrooms’ wait times and the users’
welfare in different restroom layouts, this model helps predict the
portion of the users entering each of the restrooms.

Wait-time disutility for gender-segregated rooms. We con-
sider gender-segregated rooms with signage for women and men.
Restroom legislation in some countries and states requires indi-
viduals to use public gender-segregated restrooms in accordance
with their birth-certificate identity, while the legislation in others
requires them to use public gender-segregated restrooms in accor-
dance with their gender identity. Therefore, a trans woman may
need to use the men’s room in Tennessee, while she can use the
women’s room in Massachusetts. This study assumes that all users
will comply with the facilities’ restroom bill and choose which
gender-segregated restroom to enter accordingly. Based on the pol-
icy of the facility/state, when there only exist gender-segregated
restrooms, let ‘W denote the set of users who enter the women’s
room with a given arrival rate Ao, and M denote the set of users
who enter the men’s room with a given arrival rate A;.

We denote by Sy and S; the service-time distributions of a user
i € Wandj € M, respectively. We model the women’s room
as an M/G/ngy queue, where ng denotes the number of fixtures in
the women’s room, and use Wy(Ag, ng) to denote the expected wait
time for the women’s restroom, where A is the effective Poisson
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arrival rate of the users there. We model the men’s room as an
M/G/ny1 queue, where n; denotes the number of fixtures in the
men’s room, and use Wj(A1, n1) to denote the expected wait time
for the men’s restroom, where A; is the effective Poisson arrival
rate of the users there. ® When the stability condition A; < E[S;]
for I = {0,1} is satisfied, the expected wait time Wj(A;,n;), [ =
{0, 1} is a non-negative number, though our analysis does not re-
quire Wj(Ay, ny) to be finite per se. Our analysis does not rely on a
specific form of a queueing formula for the steady-state expected
wait time. Instead, it only uses some intuitive properties of the ex-
pected wait time of a system with respect to its parameters. We
denote by ¢ > 0 the (homogeneous) waiting cost coefficient per
unit of time waiting in a line, and thus, the users of the women’s
room incur waiting cost cWp(Ag, ng) standing in line and the users
of the men’s room incur waiting cost cWj (41, n1) standing in line.
For ease of exposition, we consider linear wait costs with the same
wait-time coefficient for all users of both restrooms. However, our
results are robust for general wait-cost functions, which can be
heterogeneous for ‘W and M.

Wait-time disutility for unisex rooms. We consider non-
segregated restrooms, which can take the form of multi-fixture re-
stroom (i.e., multiple rooms with shared sinks) or multiple single-
occupancy rooms (i.e., each room has its own sink) with unisex
signage, or family rooms. We refer to this as a unisex room, which
users of all genders can use. When a unisex room is available, users
can decide whether they want to use the gender-segregated re-
strooms in the way consistent with the facility’s policy, or the uni-
sex room. We assume users do not have an outside option; for in-
stance, consider students at school who need to use the restroom
during recess or football fans in a stadium who need to use the re-
strooms during halftime. In this case, users stay in line even though
they may not feel comfortable, and the queue may be long. We
model the unisex restroom as a queueing system where we denote
by Ay = [Ao — Ao, A1 — A1] the vector of users’ effective arrival
rates at the unisex room from ‘W and M, where Ay and A; are the
effective arrival rates at the women’s and the men’s rooms, respec-
tively. We denote by S, = [So, S1] the vector of random service
times indicating that users from ‘W enter the unisex room with
rate Ay — A9 and with service time drawn from Sy; and users from
M enter the unisex room with rate A; — A; and with service time
drawn from S;. We denote by W, (A4, ny,) the expected wait time
for the unisex room, where n, denotes the number of fixtures in
the unisex room. We consider that Wy, (A4, ny,) is a non-negative
number when the queue is stable, and our analysis can also handle
the case when it is infinity. Hence, users of the unisex restroom
incur waiting disutility ¢Wy, (Ay, ny,).

Gender-identity disutility. We capture the heterogeneous cus-
tomer preferences in a gender-segregated restroom’ vs. the uni-
sex room by a Hotelling model. More specifically, we consider a
Hotelling line between the women’s and the unisex room for users
i € W where the user’s location in the line indicates their type,

®We do not assume the type of fixtures, i.e., urinals vs. toilet stalls, to keep our model
as parsimonious as possible. However, our results hold in these more detailed models.
"Note that in our model, we assume that the users of a gender-segregated restroom
have already endogenously determined which restroom to use and will not opt to use
the other gender’s restroom. This implies that those users know that they will not be
welcomed in the other gender’s restroom, and that the cost of using it is high.

Figure 1: gender-identity disutility
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Note. v; follows a general probability density distribution f;(v), I = 0, 1. When we

have gender-segregated-restroom-only designs, Ag = Ag, and A; = A;.

which we denote by v; € [0, 11W 8 Users are heterogeneous in
terms of their gender identity and their relative comfort level with
using a unisex restroom compared with a gender-segregated room,
and thus, their type is drawn from a probability distribution func-
tion fo(v). Likewise, we consider a Hotelling line between the men’s
room and the unisex, where users j € M have a type denoted
by v; € [0, 1]M drawn from a probability distribution function
f1(v). Therefore, a user of type v will incur gender-identity disutil-
ity tv on using a gender-segregated restroom and gender-identity
disutility #(1 — v) on using a unisex restroom. We denote by ¢ the
gender-identity sensitivity to using a restroom with specific sig-
nages such as women’s, men’s and unisex rooms in the population.
Our model can accommodate heterogeneous sensitivity to gender
identity as follows. After we normalize t to a constant, a differ-
ent sensitivity level can be absorbed into the distribution along
the Hotelling line. For example, there may be some users who are
indifferent to the choice between the unisex room and the gender-
segregated one, i.e., t = 0. After the normalization, this group of
users will stand in the middle of the Hotelling line for a constant
t.

We believe that considering gender-identity disutility in the model
is crucial. For example, the American 2019 National School Climate
Survey states that at least 45.2% of LGBTQ students feel unsafe
and uncomfortable in gender-segregated restrooms at school.” As
well, a trans woman may feel uncomfortable using the women’s
room because she may experience an unwelcoming environment,
or even physical attacks.!? Thus, considering such gender-identity
disutility in the model pushes us a step forward toward also consid-
ering the utility disparity among users. Moreover, we assume that
fo(v) and fi(v) are continuous functions in v, and their cumula-
tive distribution function (C.D.F.) is strictly increasing in v. This
assumption is inclusive to all users over the whole spectrum and
avoids wrongfully labeling or categorizing individuals into strict
categories such as women, men, trans, non-binary, etc.

Utility model. We focus on restrooms with different signage
that are at a distance or are located such that users cannot see

8Note that an alternative model considering only one Hotelling line, where the
gender-segregated restrooms are at two ends with the unisex restroom located
halfway between them, will be mathematically equivalent to our model when we
rescale the two Hotelling segments between the gender-segregated and the unisex
rooms to [0,1].

“https://www.glsen.org/sites/default/files/2021-04/NSCS19-
FullReport—032421—Weby.pdf
Ohttps://www.rollingstone.com/culture/culture-news/what-its-like-to-use-a-public-
bathroom-while-trans-65793/
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the queues at other restrooms. In this respect, we consider the ex-
pected wait time of an unobservable queue when analyzing the
base model. (However, in Section ?? we provide the analysis and
implications for the case in which users can see other restrooms’
wait lines and therefore can jockey to the room with fewer users
in line.) We assume that users will use their past restroom expe-
riences to anticipate the expected wait time/cost of using gender-
segregated vs. unisex rooms. For instance, we express the wait cost
for users from ‘W to use the women’s room as cWy (Ao, ng). There-
fore, we assume that users who take into account their past experi-
ences will develop a habit of entering one type of restroom rather
than constantly switching over. We express the utility of a user of
type v; who uses the gender-segregated room [ € {0,1} and the
unisex room as Uj(vy; A7, ny) = r—tvj—cWy(Ag, np), Uy (vp; Ay, ny) =
r —t(1 — v;) — cWy(Ay, ny), where r is the intrinsic reward that
one gains from using a restroom. The value of r is not dependent
on which restroom one enters, as individuals share the same ex-
perience of relief when they use a restroom. However, the value
of r can vary across user types and also can be random as users
may return to the restroom for different purposes, i.e., urination,
defecation, changing a sanitary napkin or tampon, etc. Essentially,
in our model, under no balking option, as users select which re-
stroom to enter, the value of r will cancel out and will not affect
the users’ choice. Therefore, for ease of exposition, we just refer to
the reward as a single value r.

Furthermore, Huh et al. [7] focus on the probability of waiting
as an index to measure the potty disparity between the women’s
and the men’s room. We complement their studies by taking an
alternative measure of time spent standing in line, which can be
particularly relevant during school recess or half-time at stadiums,
when the restrooms get busy. However, the two measures are re-
lated, and we can derive the same results and messages by using
either of them.

Lastly, note that users may gain a negative utility from using a
restroom in our model. As we assume that users do not have an
outside option, such as leaving the school or stadium during break
times to use another restroom and then return, users will remain
in the queue even though they will gain a negative utility from
the experience of waiting for too long or entering a restroom in an
anxiety-provoking environment.

User equilibrium. In a setting with women’s, men’s, and uni-
sex rooms, a user equilibrium must be of a threshold type. As user
types are continuous, a single user’s decision about which room to
enter will not affect the rooms’ expected wait time. We show the
existence and uniqueness of a user equilibrium (see Lemma A.1 in
Online Appendix A).

3 RESULTS

Status quo. We start with a status quo in which an existing fa-
cility contains only gender-segregated restrooms, with the usual
disparity in the desired numbers of fixtures between the women’s
and men’s rooms (see, e.g., Figure 2(a)). We assume that the dis-
parity of wait times between gender-segregated rooms is suffi-
ciently large that even if one fixture is taken from the men’s re-
stroom and added to the women’s, the women’s room will still
suffer from longer expected wait times than the men’s room. That

is, Wo(Ag,no + 1) > Wi(A1,n1 — 1). This assumption holds for
many buildings where gender-segregated restrooms create a huge
disparity of wait times between women’s and men’s rooms. One
major contributing factor is that, as mentioned, older versions of
the International Plumbing Code (IPC) were inefficient in address-
ing this disparity, especially for buildings built or renovated before
2015. Moreover, many of the existing buildings have not adopted
unisex restrooms. Hence, we assume that many old buildings are
far from potty parity and require renovation or retrofitting to in-
stall unisex restrooms. For the ease of exposition, we denote by
wo = Wp(Ag, no), and wy := Wi(A1,ny), the expected wait time
of the women’s and men’s rooms in the status quo, respectively;
and we denote by ug(vp) the utility of a user vy € [0, l]w, and by
u1(v1) the utility of a user v; € [0, 1]M in the status quo.

Figure 2: Example of Restroom Layouts
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Note. The number of fixtures in the status quo is based on the study of [7], i.e., 3
water closets for the women'’s restroom (W), and 2 water closets and 6 urinal stalls
for the men’s restroom (M). We study the adoption of unisex rooms (U) and urinal

stalls (US) in different layouts.

Converting One Men’s Restroom to Unisex. Suppose an ex-
isting facility wishes to provide a unisex restroom but has budget
and space constraints. We show that even in this case, convert-
ing only one unit of the men’s room to unisex has at least three
benefits (see, e.g., Figure 2(b)).We simplify the notation by using
WO*, Wl*, W,; to refer to the expected wait time of the women’s,
the men’s, and the unisex room in equilibrium, respectively. We
also denote by Uj(vo) and Uy;(vo) the equilibrium utility of a user
v € [0,1]W entering the women’s and the unisex restroom, re-
spectively. Similarly, we denote by Uj(v1) and Uy;(v1) the equi-
librium utility of a user v; € [0, 1] entering the men’s and the
unisex restroom, respectively. First, it reduces the wait time for the
users of the women’s room and improves all cis and trans women’s



utility because of the spillover of the original users of the women’s
room to the unisex restroom (see Proposition A.1).

Second, this small modification—the conversion of just one unit—
reduces the disparity of the wait times between the women’s and
men’s rooms under some conditions stated below.

Proposition 1 (LEss WAIT TIME DISPARITY). Suppose that we con-
vert a unit of the men’s room to a unisex restroom. In equilibrium,
we have at least one of the two following outcomes: (i) The dispar-
ity in wait times between the two gender-segregated restrooms will
drop, i.e, W' — Wi < wo — wy. (ii) All users will gain higher util-
ity, i.e, uo(vo) < max{Ug(vo), U, (vo)} for all vy € [0, 11, and

u1(v1) < max{U; (v1), Uj;(v1)} for allv; € [0, M.

Third, such a conversion of one unit reduces the utility disparity
among the original users of the women’s room. Each user would
either have less wait time, or would have access to a restroom that
is more aligned with their gender identity. Similarly, the utility dis-
parity drops among the original users of the men’s room as well.

Theorem 1 (LEss DiSPARITY IN UTILITIES WITHIN HOTELLING LINES).

Suppose that we convert a unit of the men’s room to a unisex re-
stroom. The disparity of utilities among users from ‘W will drop. The
same is true for users from M.

Moreover, suppose that we convert k > 1 units of the men’s

restroom to unisex. We denote by Agk) and A(lk) the equilibrium
portion of users entering the women’s and the men’s rooms re-
spectively when k units of the men’s rooms are converted to uni-

sex. By convention, let Ago) = Ap and A(lo) = A1. Let k > 2 be the
smallest number of the rooms that, if converted to unisex, results
in the wait time for the women’s restroom becoming less than that
for the men’s restroom.

Proposition 2 (MARGINAL EFFECT OF MORE UNISEX Rooms). Sup-
pose Wo()tgkﬁl),no +k) > Wl(A(lkﬁl),nl — k) forallk < k, where
k > 2. The marginal benefit of converting the kth unit fork < k is
that either that the disparity of wait times between the two gender-
segregated restrooms will drop, or all users will gain higher utility.

)

Furthermore, we may say that k := mink{WO(}Lgk_1 ,ng +k) <

w (A(lk_l), ni1 — k)} is the optimal number of units from the men’s
restroom that we need to convert to unisex rooms to improve the
wait-time disparity or all users’ utility.

The takeaway from these results is that the flexibility conferred
by even a single-unit converted unisex washroom will go a long
way: it will always improve the utility disparity between wash-
room users and will sometimes reduce the wait-time disparity be-
tween gender-segregated restrooms. Moreover, we show that if
users’ sensitivity to their gender identity is sufficiently high, the
wait time for the unisex room will ramp up. This implies that those
users who prefer to use the unisex room despite its long wait time
must gain greater utility than they do using a gender-segregated
restroom, which highlights the importance of considering users’
utility in designing public restrooms.

Benefits of an extra unisex room. Suppose the facility is not
constrained by budget and space limitations. In this case, building a
new unisex restroom will bring more benefits than just converting

a unit from the men’s room to a unisex room (see, Proposition A.2,
and for an example of such a layout see Figure 2(c)). However, care
must be exercised in the location of the unisex room. We show that
adding this new unit close to the women’s room (see, e.g., Figure
2(d)) will add extra value.

Proposition 3. Supposet = 0. Adding an extra unisex unit next to
the women’s room, so that each room is observable to the other, is a
Pareto-improving design compared with locating all three rooms in
an unobservable system. Moreover, the utility disparity, between any
pair of users with one from W and the other from M, is less in the
observable system compared with the unobservable system.

The extra value of locating the unisex restroom next to the women’s

restroom is because users can jump into the other room if it be-
comes empty, which will reduce the maximum wait-time disparity
among the women’s, men’s and unisex rooms. On the other hand,
locating the unisex unit close to the men’s room is not desirable.
This is because an original user of the men’s room, who is already
privileged by experiencing shorter wait times, may jump into the
unisex room when it is empty and make other unisex-room users
who do not have a more suitable alternative wait longer. We show
the result for the general case (¢ > 0) in Proposition A.3 in Online
Appendix A.

Optimal design of an all-gender restroom. Suppose we can
design the new facility from scratch. In Proposition 2, we deter-
mine the optimal number of women, men and the unisex restrooms
given a fixed total number of restrooms. We next study the widely
advocated design of an all-unisex room (see, e.g., Figure 2(e)).!!

Proposition 4 (ALL-UNISEX RESTROOMS). We compare the perfor-
mances of the all-unisex restroom design with that of the status quo
(gender-segregated) restroom having the same total number of fix-
tures. (i) The wait-time disparity among all users is zero in the all-
unisex restroom design. (ii) The utility disparity between any two
users from the same Hotelling line is the same in both designs, but
the ranking of utilities within each Hotelling line is reversed when
moving from one design to the other. (iii) If & > 0, there exists a
threshold f; > 0 on the sensitivity to gender identity such that for
t >t (resp, 0 < t < f1), the total social welfare produced by the
all-unisex restroom design is higher (resp., lower) than the status quo.
(iv) IfE < 0, there exists a threshold {5 > 0 on the sensitivity to gen-
der identity such that fort > iy (resp., 0 < t < f3), the total social
welfare produced by the all-unisex restroom design is lower (resp.,
higher) than the status quo.

Although this design will undoubtedly lead to parity of wait
times for all users, contrary to the conventional wisdom, we show
that the utility disparity among users will remain the same but
with users’ utility ranking reversed. In a gender-segregated re-
stroom, users who prefer that arrangement will enjoy higher util-
ity than those who prefer a unisex restroom. However, in an all-
unisex restroom, the former users will enjoy lower utility than the
latter. We also show that if the group who prefer gender-segregated
restrooms is large enough, total welfare will suffer if an all-unisex
restroom is built, compared with only gender-segregated rooms.
This is because that although building an all-unisex restroom re-
duces the gender-identity disutility for some users, it ignores the

Uhttps://www.buildings.com/articles/27665/all-gender-restrooms-now-comply-code
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discomfort of the other users, and hence, this design may not lead
to utility parity. Moreover, we propose a Pareto-improving design
that surpasses the all-unisex design in terms of wait time and util-
ity, in which there are some toilet stalls for all users and some uri-
nals specific to the original users of the men’s room for the purpose
of urination only (see, Proposition A.5 and for an example of a lay-
out see Figure 2(f)).

4 EXTENSIONS
4.1 Safety Concerns

The main argument of opponents of unisex public restrooms is
about safety, especially for women and children. However, research
shows that there is no statistical evidence to support the relation-
ship between discriminatory policies and crimes in washrooms
(Hasenbush et al. 6). Even so, we show that one of the benefits of
a unisex restroom is to alleviate the safety concerns of users. We
define an index that captures the perception of safety for a user.

Define 1 (SAFETY CONCERN). In equilibrium, we refer to a safety
concern index SC; for restroom types | = 0,1,u by the difference
between the two extreme types using the same restroom. That is,
SCy = g, SC1 = 01, and SCy, = 2—0 — 01 denote the safety concern
index of the women’s, men’s and unisex rooms, respectively, where
0o and 01 are the cutoff points on the women’s and men’s Hotelling
lines at which users are indifferent about which alternative they use
in equilibrium.

Definition 1 states that when the range of users with different
gender identities entering the same restroom is narrower, users’
perception of safety is higher. We capture safety concerns in such
a way because cases in which a user encounters an unexpected
event matter when it comes to safety. For instance, users in the
women’s room do not expect to see a man in the restroom. If a user
with a male gender expression enters a women’s room, some users
may feel stressed and unsafe. On the other hand, if this user is a
woman, she may feel uncomfortable or even unsafe because of the
other users’ reaction to her. Hence, we adopt this range measure
to reflect that a single instance could lead to anxiety or trauma. We
next show that the provision of any number of unisex rooms, by
either converting or building extra units, will improve the safety
perception.

Proposition 5. Introducing unisex room(s) will alleviate safety con-
cerns about public restrooms.

The rationale behind Proposition A.6 is that users who have

similar gender identities endogenously decide to use the same room.

Therefore, women, trans, and gender non-conforming individuals
who may fear harm when using public restrooms will feel safer
as facilities adopt unisex rooms. For instance, suppose a user does
not feel welcome in the gender-segregated restrooms and prefers
the unisex one. If this user chooses to enter the unisex room, other
users with similar gender identity types will also endogenously
choose the unisex room. Thus, this user would feel more comfort-
able in using the unisex room, which is not directly captured in
their utility.

4.2 Fluctuating Arrival Rates

It is common in practice for buildings to construct gender-segregated
restrooms with the number of fixtures allocated to each of these re-
strooms based on the estimated gender ratio of the users. However,
throughout the day, arrival rates of different genders may fluctuate.
For instance, in a theatre one event may attract more users from W
while another event may be more attractive for users from M. We
will demonstrate the benefit of unisex rooms in this environment.
To this end, we propose a setting that we refer to as the balanced
layout with the same number of total fixtures as ng + ni, in which
there are fi,, := max{ng, n1} unisex rooms, fip > 1 women’s room
and fi; := ny + ng — fig — iy, > 1 men’s rooms. We denote by Wo,
Wi, and W, the equilibrium expected wait time of the women’s, the
men’s and the unisex rooms in the balanced layout, respectively.
We next show for sufficiently low sensitivity to gender identity,
the disparity of wait times is lower in the balanced layout with 71,
unisex rooms than that of the status quo.

Proposition 6. For any Ag and A1, there exists { such that for 0 <
t < t, the wait-time disparity of the balanced layout is less than that
of the status quo, ie., | Wo — Wy |<| wo — wy |.

Proposition A.7 holds for any arrival rate, and thus, implies that
having a unisex restroom can improve the wait-time disparity be-
tween the gender-segregated restrooms when the arrival rates change
over time. The intuition is that the unisex rooms provide more toi-
lets to serve spikes in the bathroom needs of either W or M, since
these unisex rooms admit all types of users. When there is a spike
in restroom demand from W (resp., M), a portion of them will spill
over to the unisex room, and thus, a larger portion of the users of
the unisex rooms will consist of ‘W (resp., M). Such flexibility of
unisex rooms in assisting any type of users help better serve fluc-
tuating demand across types, and thus, reduce wait-time disparity,
compared with the gender-segregated-only restrooms.

5 NUMERICAL STUDY

In this section, we use a numerical experiment to study a partic-
ular configuration of the public restroom, to show how a unisex
restroom affects the rooms’ wait times and the users’ utilities. In
a simulation study, [7] use a stadium from which they obtained a
dataset for washroom use and investigate the appropriate ratio of
women’s to men’s fixtures. We do not have access to such a dataset.
Hence, we replicate their setting, a toilet system in one corner of
the stadium, as our status quo system and use the parameters they
consider in our numerical study.!?

Following Huh et al. [7], we consider a user who enters a re-
stroom as one of two classes: class 1 users’ need is for service type
1, urination, and class 2 users’ need is for service type 2, defeca-
tion, changing a sanitary pad or tampon, etc. The likelihood of a
user i € W belonging to class 2 is 1/21, and the likelihood that a
user j € M belongs to class 2 is 1/16. The service times for uri-
nation for users from ‘W and M follow exponential distributions
whose means are 50 and 100 seconds, respectively. Also, the service
time for defecation for everyone follows the exponential distribu-
tion with the average being 420 seconds. We consider the status
12 All parameters related to our queueing model are drawn from Huh et al. [7] except

for parameters related to the gender disutility such as ¢ and distributions fy(v) and
fi(v), v € [0, 1] on gender identity, which are absent in their study.



quo of the system as in Huh et al. [7]: the women’s room com-
prises 3 toilet stalls that accommodate both classes of users from
W, and the men’s room comprises 2 toilet stalls and 6 urinals.
Class 1 users from W and class 2 users from W and M can only
use toilets, whereas class 1 users from M can use both toilets and
urinals. Huh et al. [7] estimate that the stadium’s capacity is 1,829
seats and each game lasts 150 minutes. As they do, we simulate
the restroom usage for up to 150 minutes and up to the capacity
of the stadium. We simulate the dynamics for 1,500 times to esti-
mate the expected wait time for each of the restrooms. We consider
that arrival processes of users from both ‘W and M are indepen-
dent Poisson processes with arrival rates of 3.2 persons per minute.
From our simulation the expected wait time for the women’s room
in the status quo arrangement is 36.83 minutes, while that of the
men’s room is 0.12 minutes. Using the measure of the probability
of waiting in line for more than a minute, our simulation generates
consistent results as what are reported in Huh et al. [7], i.e., that
probability of waiting is 98% for the women’s room and 1% for the
men’s room.

For the purpose of computing users’ utility (which is not con-
sidered in Huh et al. 7), we normalize the waiting cost coefficient
to 1, i.e., ¢ = 1. Therefore, in our status quo, the wait-time disutility
for users from ‘W from using the women’s room is 36.86, while the
wait-time disutility for users from M from using the men’s room
is 0.12. We then consider three parameters for sensitivity to gen-
der identity, t = 0, 15, and 50, to account for the populations whose
sensitivity to the notion of gender identity is negligible, moderate,
or strong, respectively. The rationale for these parameters is that
users with extreme types 0 and 1 will favor standing in line for
up to t more minutes to use a restroom with signage aligned with
their gender identity. Therefore, the scales of the parameters make
the wait time and gender identity disutilities comparable. More-
over, we consider the same type distribution function for W and
M: fi(v) = (8—10v)/4.875 for 0 < v < 0.5, and (0.5+5v)/4.875 for
0.5 < v < 1,1 =0,1 (see its illustration in Figure B.1 of Online Ap-
pendix B). The rationale for considering such a function is that the
masses of users at the two extreme points of the Hotelling lines are
denser than those in the middle. Also, the number of people who
prefer the gender-segregated rooms is larger than the number of
people who prefer the unisex ones.

We first study the impact of converting men’s fixtures to uni-
sex and present the three rooms’ equilibrium expected wait times
in Figure 5(a). This figure shows that as we convert men’s fixtures
to unisex, the expected wait times for the women’s and the uni-
sex restrooms drop dramatically, while the expected wait time for
the men’s restroom increases slightly. For instance, for ¢ = 15, one
men’s fixture converted to unisex results in a drop of 26% in the ex-
pected wait-time disparity between the gender-segregated rooms,
and a 25% fall in the maximum utility disparity among users from
‘W. Moreover, we observe a significant drop of 35% in the gap be-
tween the expected utilities of users from ‘W and the users from
M; see Figure 5(b). Such a single-unit conversion leads to an im-
provement of 12.6 in the total welfare for people from ‘W, without

hurting much the utilities of users from M: their total welfare only
drops by 0.17.13

Figure 3: The Impact of Converting Men’s Restrooms to Uni-
sex

(b) utility disparity of
W and M

Moreover, in Propositions A.2 and A.3, we show theoretically
the benefits of adding a unisex restroom to the status quo, either as
part of an unobservable system, or as part of an observable system
with the women’s restroom, respectively. In our numerical study,
we observe that the impact of adding this extra unit on the wait
times for the rooms is small compared with converting one of the
men’s fixtures into a unisex room (see Figure B.2 in Online Ap-
pendix B). This is because the status quo is such that the women’s
restroom is very crowded, and thus, when we introduce a unisex
room, whether it be a converted or a new (added) one, a large
portion of the users will spill over to use this room, leading to a
crowded unisex room. Since many users from ‘W will occupy the
unisex room, there is not much of a difference in how we provide
it.

Moreover, we consider an all-unisex restroom design with 11
toilet stalls, and we observe that the wait time for this restroom is
1.98 minutes. We observe that for ¢t = 15, the total social welfare
produced by the all-unisex restroom is 32.2 higher than that of the
restrooms in the status quo, while for ¢ = 50, it is 5.72 lower than
the total social welfare of the status quo. In addition, we consider
an all-unisex restroom design with 10 toilet stalls and a separate
urinal in an unobservable layout and assume that the mean service
time for class 1 M users using the urinal is 35 seconds. As a result,
the wait time becomes 1.8 minutes for the all-unisex restroom and
1.4 for the urinal, which suggests a Pareto improvement in terms
of the wait times, consistent with Proposition A.5.

6 SUMMARY AND DISCUSSION

We summarize various designs (a)-(f) in Figure 4; different designs
score differently along the two fairness dimensions, i.e., wait time
and utility disparities. Point (a) reflects the status quo layout, and

13 As the baseline total utilities for the status quo is sensitive to the specification of
the reward r, we do not report those baseline numbers.



adding one unisex restroom by converting a unit of the men’s room
moves the fairness measures to point (b) (see Propositions 1 and 1).
If the unisex room is an additional unobservable unit as shown in
(c)—i.e., if the entrance is not immediately obvious to those seek-
ing the women’s restroom—the potty parity measures will improve
further (see Proposition A.2). On top of that, if we can locate the
additional unisex room and the women’s room close together and
form an observable system, corresponding to (d), the fairness mea-
sures will improve even further (see Proposition A.3). We can con-
vert more than one unit of the men’s room to unisex, enhancing
the fairness measures further, leading to point (*) (see Proposition
2). However, suppose we convert sufficiently many units of the
men’s room: the utility disparity will start growing as we convert
more units to unisex. At the extreme point (e), corresponding to
an all-unisex restroom, the wait-time disparity will be zero (see
Proposition 4). In contrast, the utility disparity will return to what
it used to be with design (a), except that the privilege of the high-
est utility goes to those users who have the strongest preference
for unisex restrooms. We next show that we can push the enve-
lope by leveraging the urinals as a more efficient service for some
users. For instance, at point (f), we consider a layout with an all-
unisex restroom but with some urinal stalls in a separate (unob-
servable) place, which is shown to be a Pareto improvement on
the all-unisex-only restroom design corresponding to point (e) (see
Proposition A.5).

Figure 4: Summary of the Results

I

(a) status quo

(b) converting one men’s room to unisex

(c) additional separate unisex room

(d) additional unisex room next to women’s room
(*) three rooms including unisex

(e) all-unisex restroom design

(f) all-unisex restroom design + separate urinal stalls
{ the path of adding more unisex rooms

wait-time disparity

utility disparity

The implications of our work are not limited to those states and
countries that are concerned about women’s and LGBTQ+ peo-
ple’s rights. We demonstrate the benefits of the unisex rooms to a
society from different perspectives, and our results are sufficiently
general to apply in cases where sensitivity to gender identity may
be negligible. In those cases, the main concern is efficiency that
can be measured by wait times. In addition, there are countries like
Ethiopia and India that lack access to public restrooms in many ar-
eas. Our results on the all-unisex restroom imply that for countries
in which sensitivity to gender identity is negligible and users tend
to be more comfortable using gender-segregated rooms, the ben-
efits of adopting the all-unisex design outweigh those of gender-
segregated restrooms in terms of both fairness and efficiency. This
suggests that such countries could adopt unisex restrooms as much
as possible both to expand the equitable access of their citizens to
public restrooms and to make their public toilet system more effi-
cient.

Lastly, we study the benefits of unisex rooms in two extensions.
First, those in favour of gender-segregated public restrooms have

emphasized safety concerns and fear of harm for women in public
restrooms, see, e.g., [6]. On the other hand, media reports indicate
gender-segregated restrooms are anxiety-provoking environments
for trans and gender non-conforming individuals.!* We show that
unisex restrooms will allow users with similar identities to choose
the same restroom, reducing safety concerns. Moreover, we con-
sider situations in which the arrival rates of users fluctuate at dif-
ferent hours and on different days. When there is a surge of users
from the women’s side, the optimal allocation of fixtures requires
more women’s rooms. In contrast, when there is a surge of users
from the men’s side, more men’s rooms are needed. Therefore, fa-
cilities might need dynamic control of restrooms that are gender
segregated in order to improve the users’ experiences. We compare
a gender-segregated-restroom-only layout versus a layout with the
same number of fixtures where a portion of gender-segregated re-
strooms from both sides have been converted to unisex ones. We
show that unisex rooms naturally respond to the fluctuating arrival
rates because users can easily spill over from the crowded gender-
segregated restrooms to the unisex ones. Thus, unisex rooms can
be counted as flexible supply for both the original users of the
women’s and the men’s restrooms.
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