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The custom of voluntarily tipping for services rendered has gone in and out of fashion in America
since its introduction in the 19th century. Restaurant owners that ban tipping in their establishments
often claim that social justice drives their decisions, but we show that rational profit-maximization
may also justify the decisions. Here, we propose a conceptual model of restaurant competition for
staff and customers, and we show that there exists a critical conventional tip rate at which restaurant
owners should eliminate tipping to maximize profits. Because the conventional tip rate has been
increasing steadily for the last several decades, our model suggests that restaurant owners may aban-
don tipping en masse when that critical tip rate is reached. Published by AIP Publishing.

https://doi.org/10.1063/1.5004711

Tipping has been difficult to reconcile with rational
human behavior, and most economic models of tipping
have assumed irrational behavior. Remarkably, our
novel model is able to reproduce realistic tipping behav-
ior using rational (profit-driven) motivations for all mem-
bers of a “restaurant ecosystem.” Moreover, we find that
our model and all available data imply that rational res-
taurant owners will eventually abandon tipping in their
establishments to maximize profits; tipping may be elimi-
nated en masse when the conventional tip rate reaches a
certain critical threshold. Because tipping behavior is tra-
ditionally difficult to explain using only rational motiva-
tions, the model’s reasonable predictions are especially
interesting.

I. INTRODUCTION

Tipping for restaurant services has gone in and out of
fashion in America since its introduction from Europe in the
19th century.' Tipping has always been a controversial social
convention, for both scholars and the public. The practice
has been consistently tied to the worst of human nature: rac-
ism, sexism, and classism.”~> At many points in time, tipping
has been considered downright anti-democratic.® Yet, the
practice persists because the vast majority of Americans pre-
fer to choose how much gratuity they leave after a meal.”®

Economists have traditionally struggled to explain the
practice of tipping in terms of rational costs and benefits
because a rational economic agent would not incur a mone-
tary cost that provides no present or future benefit.”
Sociologists and psychologists have appealed to negative
feelings of guilt, embarrassment, or anxiety to explain why

while others have appealed to altruistic feelings of generosity
and empetthy.13_15

While much scholarly attention has been paid to the
consumers who tip and employees who receive tips (e.g.,
Refs. 16-19), relatively little has been paid to restaurant
owners who employ tipped staff. Theoretical models of tip-
ping often see restaurant owners as inefficient judges of ser-
vice quality.”® The natural conclusion to this rationale is that
restaurant owners should allow tips in their restaurants in
order to efficiently evaluate the quality of their wait staff.?!
This conclusion breaks down when we consider the real-
world factors that influence restaurant owners’ decisions,
such as remaining profitable, while also adhering to mini-
mum wage restrictions, retaining talented staff, and meeting
customer expectations for food and service quality.”> By
accounting for these factors and appealing only to rational
profit-maximization motivations, we show that restaurant
owners should play a more active role in determining tip
rates in their restaurants.

As the conventional tip rate gradually increases in the
U.S. (see Fig. 1), waiters’ take home pay steadily increases,
while back-of-house employees’ pay remains stagnant.”’
Despite the low federal minimum wage for tipped workers
($2.13 as of 2017, Ref. 24), waiters consistently earn more
than cooks.”> As the wage disparity increases, talented
cooks may defect to restaurants where profits are shared
more equitably among staff, and talented waiters may
defect to restaurants with higher tips. A rational restaurant
owner interested only in maximizing the profit might take
control of the tip rate in his/her restaurant in order to retain
the most talented front-of-house (tipped) and back-of-house
(untipped) staff. We show in a conceptual model of two

people conform to the social convention of tipping,'®'?  competing restaurants that a critical tipping rate exists at
which a rational restaurant owner will abandon tipping to
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FIG. 1. Average reported tip rate in American restaurants over time, accord-
ing to the NPD group (1982-1984) and Zagat annual surveys (1989—pre-
sent).”® Note that both surveys are aimed at diners who patronize full-
service midscale and upscale restaurants.

II. METHODS
A. Model derivation

As a simple conceptual model, consider two restaurants
competing for diners, waiters, and cooks. For notational
ease, we will focus on one restaurant (our restaurant,
Restaurant 1). We assume all diners, waiters, and cooks
intend to eat or work at either our restaurant or the compet-
ing restaurant. Following a dynamical system approach by
Abrams et al. for modeling generic social group competi-
tion,”” people will transition between restaurants at a rate
proportional to the relative utility of being at each restaurant
(either as a customer or an employee). This general model
assumes that the popularity of a social group also influences
the transition rates, but for our purpose of modeling purely
rational behavior, we focus only on utility as a driving force.
Our simplification reduces the model by Abrams et al. to

%:ypyx(ux)_xpxy(ux)a (1)
dr

where x is the fraction of people in group X, P, is the prob-
ability per unit time of transitioning from group Y to group
X, u, is the utility of group X, and transition rates are sym-
metric under exchange of x and y. In our case, X is our res-
taurant and Y is the competing restaurant. Alternatively, the
“competing restaurant” could be viewed as a reservoir of
all other dining options (including home), but that exten-

sion is left for future work.

1. Dynamics of cooks

Suppose that our system has a number N¢ of cooks who
must choose between our restaurant and the competing res-
taurant. Many factors influence a cook’s decision to work at
a particular restaurant, but we model cooks primarily con-
cerned with pay. Because cooks do not receive tips, cooks
choose where to work based only on the relative wage at the
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two restaurants. Assuming for simplicity that the transition
probabilities are linear in the relative base cook pay, the
change in the number of cooks C at our restaurant is

dc ~ bci ~ bea
tc— = (N¢c — C -C , 2
“dr (Ne ) bci + bea ber + ber @
switch from switch from

competitor to us us to competitor

where 7. sets the transition time scale for cooks and b¢y and
bc, are the hourly base cook pay at our restaurant and the
other restaurant, respectively. For example, if both restau-
rants offer the same base pay (bc; = b¢»), then eventually
half the cooks will be at our restaurant, and the other half
will go to the competitor. Tilde notation will be removed
later when the model is normalized.

2. Dynamics of waiters

Like the cooks, the waiters in our system are primarily
concerned with pay. Because waiters receive both hourly
wages and gratuity, the transition rate between restaurants
depends on the relative hourly take home (total) pay at the
two restaurants. The hourly gratuity at our restaurant is

~ o~ WI]D~T1
DW)=—2"1 3
ai( ) W (€)]

where m; is the hourly menu price, D is the number of din-
ers, T, is the tip rate, and W is the number of waiters that
must split the total tips. The gratuity g, at the competing res-
taurant is similarly defined.

The hourly take home pay at our restaurant is then
bw1 + g1, where by is the hourly base waiter pay at our res-
taurant. The change in the number of waiters W at our res-
taurant is then

dw - bw1 + g1
w— = (Ny — W
Ve (N )bW1+g1+bW2+gz
switch from

competitor to us
- b
W w2 + &2 ,
bwi + g1+ bwa + &2

switch from
us to competitor

“4)

where Ty sets the transition time scale for waiters and Ny, is
the number of waiters in the system.

3. Dynamics of diners

Assuming that all diners intend to eat at a restaurant,
they must choose between our restaurant and our competitor.
Many factors influence a person’s decision to eat at a particu-
lar restaurant, but we will focus on food and service quality
versus menu cost. There are also many ways to measure food
and service quality,zg_30 but we will use the number of cooks
and waiters who choose to work at our restaurant as a basic
proxy. For instance, if our restaurant attracts more waiters,
then diners will receive more personal attention and
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perceived service quality will increase. Suppose for simplic-
ity that the quality ¢; of the meal and service at our restau-
rant is a linear combination of the number of cooks C and
waiters W working at our restaurant

ql(W, é) = oW + ocC, (5)

where oy, and o are the weights placed on the service and
food, respectively, when evaluating our restaurant. The qual-
ity g, of the competing restaurant is defined similarly. Note
that this proxy for restaurant quality will only be an accept-
able approximation if both restaurants are not grossly over-
or under-staffed. We explore two alternative formulations
for restaurant quality in the supplementary material, and we
find similar qualitative results.

We define the value v; of our restaurant as the quality ¢,
over the menu cost (including tips)

~ o~ 7<xWW+(ch~’
UI(W?C) - I’Vll(l +T1> ) (6)

where m, is the hourly menu cost and T is the tip rate at our
restaurant. The value v, of the other restaurant is defined
similarly.

A rational diner chooses a restaurant based on the per-
ceived relative value of each restaurant. The change in the
number of diners D at our restaurant is then

dD ~ vy -
tp— = (Np — D - D ; 7
Prar (Nb )vl—l—vz v+ o @)
—_—
switch from switch from

competitor to us us to competitor

where 1, sets the transition time scale for diners and N, is
the number of diners in the system.

4. Profitability

Given the flow of employees and customers to and from
our restaurant, a rational restaurant owner will maximize
hourly profit

P(D,W,C)=m D — by, W — b, C . (®)
N N~ N——
revenue waiter pay cook pay

We ignore fixed costs because we are only concerned with
maximizing profitability, not absolute profits.

B. Normalized model

We now normalize and nondimensionalize the system
(2)—(7) to reduce the number of parameters. We make the
following substitutions:

D w C
D=—, W=—1, C=— 9
Np’ Ny’ N¢'’ ©)
Oc ND NC
= — " = — = — 10
L v v (10)

so that D, W, and C are the fraction of diners, waiters, and
cooks at our restaurant, r is the ratio of food to service
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importance for customers, and rpy and r¢yy are the ratios of
diners and cooks to waiters, respectively. We also rescale
time such that tc = ty = tp = 1. Naturally, the transition
rates may vary for diners, waiters, and cooks; customers may
switch dining locations more rapidly than employees switch
jobs. However, we are only interested in equilibrium states,
and so, we ignore this detail.

Then, the fraction of diners at our restaurant follows the
dynamics

dD U1 U
—=(1-D - D 11
dt ( )Ul-i-liz 1)1-‘1-1]27 (b
w cw C
Ul(W7c):u’
m1(1—|—T1) (12)
b (W C):(l—W)+I‘rcw(1—C)
2 ’ m2(1+T2) '

The fraction of waiters at our restaurant follows the
dynamics

dw b

W a-w w1+ &1

dt bwi+ g1 +bwr + g

b
B w2 + 82 ) (13)
bwi+ g1+ bwar + &
DT 1-D)T
gl(DaW):%v gZ(DaW):M

w 1-W

(14)

Finally, the fraction of cooks at our restaurant follows the
dynamics

ac _ (1-0) bey c bea
de bci + bea bci +bey

15)

All variables and parameters are described in Table I.
With this change of variables, hourly profit P becomes
the hourly profit per waiter in the system

P(D,W,C):merWD—leW—bCI rCWC. (16)

lll. RESULTS
A. Numerical exploration

Numerical integration suggests that one stable steady
state solution exists for each set of parameters regardless of
the initial condition, as long as the initial condition is physi-
cally meaningful. Because cooks only switch restaurants in
response to base pay (constant parameter), the distribution of
cooks equilibrates first. Diners and waiters respond to every-
one else in the system, and so, the distribution of diners and
waiters equilibrates later.

For otherwise identical restaurants, small changes in res-
taurant policy (like staff pay, menu prices, and tip rates) will
have an effect on the entire restaurant ecosystem. Lowering
the tip rate at our restaurant will cause waiters to leave our
restaurant because they get paid less, but diners will prefer
our restaurant because they pay less [see Fig. 2(a)].
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TABLE 1. Description of model variables and parameters for our restaurant, Restaurant 1. The competing restaurant (Restaurant 2) has similarly defined
parameter values subscripted with 2. We present a range of plausible values for each parameter and a baseline value for midscale and upscale restaurants like

those reviewed by Zagat.

Variable Meaning Units Range Baseline

D Fraction of diners at our restaurant [0, 1]

w Fraction of waiters at our restaurant [0, 1]

C Fraction of cooks at our restaurant [0, 1]

t Time (dimensionless) [0, c0)

r Relative importance of food quality versus service [4,20] 12*

quality, typically a value exceeding one

rew Ratio of total cooks to waiters in the system [0.5, 2] 1

'pw Ratio of total diners to waiters in the system [1, 20] 12

my Average menu cost per hour at our restaurant $/h [5, 20] 10

bw1 Waiters’ base pay per hour at our restaurant $/h [2.13% 25] 5.00°

bci Cooks’ base pay per hour at our restaurant $/h [7.25% 25] 10.40°¢

T, Average tip rate at our restaurant, determined by either social [0.01, 0.5] 0.19¢
convention or mandated by restaurant owner

vy Meal value perceived by customers at our restaurant 1/$

g1 Gratuity per hour at our restaurant $/h

Crude estimate based on customer surveys.”®
Federal minimum wage as of 2017.%*
°Average waiter and cook pay as of 2015.%!

9Average self-reported tip rate as of 2016, and other baseline values are guesses based on author experience.

If the menu price at our restaurant is lower than the com-
petitor, then diners will flock to our restaurant because they
pay less, and waiters will temporarily leave our restaurant
because lower menu prices lead to lower tips. However, after
our restaurant has a large share of diners, waiters return
because the density of diners balances the lower menu prices
[see Fig. 2(b)].
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FIG. 2. Numerical simulation of systems (11)—(15) with two nearly identical
competing restaurants. (a) If the tip rate at our restaurant is lower than the com-
petitor, then waiters will leave, but diners will prefer our restaurant (7, = 0.25).
(b) If the menu price at our restaurant is lower than the competitor, then diners
will flock to our restaurant, and waiters will temporarily leave. However, after
our restaurant has a large share of diners, waiters will return (m, = 15). (c) If we
pay our cooks less, then cooks followed by diners followed by waiters will leave
(ber = 12). (d) If we pay our cooks more but pay our waiters less to compensate,
cooks will flock to our restaurant followed by diners; waiters will temporarily
leave because they are paid lower wages, but eventually they will come back as
diners flood our restaurant (b,, = 10,b.; = 15). Unless otherwise noted,
nmp = nyp = 107 T1 = T2 = 027 bwl = bwz = 5, b(vl = b(vz = 107 r=12.

If we pay our cooks less than our competitor, then cooks
will leave our restaurant because they get paid less; as food
quality decreases, diners will leave our restaurant, and then,
waiters will leave our restaurant as their hourly tips decrease
[see Fig. 2(c)].

As a final example, if we pay our cooks more but pay
our waiters less to compensate, cooks will flock to our
restaurant followed by diners; waiters will temporarily
leave because they are paid lower wages, but eventually
they will come back as diners flood our restaurant [see
Fig. 2(d)].

B. Equilibrium stability analysis

Fixed point analysis shows that four steady states exist.
Only one fixed point is meaningful (i.e., D*, W*, C* € [0, 1]).
The steady state for cooks is C* = b¢y/(bc1 + bcz). The
steady states for waiters and diners have closed forms but are
too long to include. For all reasonable parameter values
(listed in Table 1), the eigenvalues of the Jacobian evaluated
at the fixed point are real and negative. This implies that the
equilibrium is a stable sink (see Fig. S5).

C. Equilibrium sensitivity analysis

Global sensitivity and uncertainty analysis using Latin
Hypercube Sampling (LHS) of parameter space and Partial
Rank Correlation Coefficients (PRCCs)*® reveals that
equilibrium distributions of diners and waiters depend
significantly (p <0.001) on tip rates and cook pay.
Equilibrium distributions of waiters also depend signifi-
cantly on waiter pay. Note that the parameters that signifi-
cantly influence these distributions describe the differences
between restaurants and do not describe the system as a
whole (see Fig. S6).
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IV. DISCUSSION
A. Tip abandonment threshold

Suppose that our restaurant is attempting to maximize
the hourly profit (16) at equilibrium. We assume that our res-
taurant is competing with a typical American restaurant that
is not making dynamic changes to staff pay, menu prices, or
tipping policies. Given the choices the other restaurant has
made, our restaurant can choose base pay for cooks and
waiters (within legal limits) and a gratuity policy. Both res-
taurants maintain identical menu prices to ensure that the
restaurants are true competitors; fine dining establishments
do not typically compete with casual restaurants.

If the competing restaurant allows the conventional tip-
ping rate, then there exists a critical tip rate threshold T, at
which a rational restaurant owner would forbid tipping to

a
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maximize profits. Figure 3(a) shows the conventional tip rate
at which a hypothetical restaurant should switch from allow-
ing the conventional tip to abandoning tipping in their estab-
lishment. Although the critical tip rate depends on the entire
restaurant ecosystem, numerical exploration indicates that
the trade-off between meal cost and restaurant quality, as
perceived by diners, is the primary driver of the critical tip
rate [see Figs. 3(b)-3(f)]. Assuming that the conventional tip
rate continues to increase in the U.S., we predict that restau-
rants will eventually forbid tipping when it becomes more
profitable to do so.

Global sensitivity and uncertainty analysis shows that
this critical tipping threshold depends significantly on the
menu price shared by both restaurants, the ratio of customers
to waiters and cooks to waiters, and the ratio of food quality
to service quality in the eyes of the customer (see Fig. 4).
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FIG. 3. Example of the critical tip rate threshold. (a) For conventional tip rates below some critical threshold 7, a rational restaurant owner would allow diners to
leave gratuity to maximize profitability (black curve). Beyond that critical threshold, a rational restaurant owner would disallow tipping in their restaurant (red
dashed curve). Both curves assume that the restaurant owner selects staff pay (within legal limits) to maximize profits. For this hypothetical restaurant ecosystem,
(b) both optimal cook pay and (c) total waiter pay (optimal wage plus tips) drop if we eliminate tipping. Although staff leave our restaurant in response to a no-tip
policy, (d) the drop in perceived quality balances (e) the effective menu price (menu cost plus tips) near the critical tip rate. (f) The trade-off between quality and
price, as perceived by diners, drives the critical tip rate. For this example, my = mp, = 10,7 = 4, by, = 10,bcr = 25, rpw = 10, rcw = 1, the minimum wage for
tipped workers is 2.13, and the minimum wage for untipped workers is 7.25.
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PRCC (tipping threshold Tc)

r r<I:w rdw m blcz b\I/v2

parameter

FIG. 4. Global sensitivity and uncertainty analysis for tipping threshold 7.
The Partial Rank Correlation Coefficients (PRCCs) between model parame-
ters and the tipping threshold 7. are shown. Asterisks indicate that the correla-
tion is significant (***p < 0.001, N = 100 samples). Note that we use PRCC
because numerical tests suggest that the relationship between parameters and
T.. is monotonic.

Note that the parameters that significantly influence the criti-
cal tip rate T, describe the type or “class” of restaurant sys-
tem we are considering. For instance, fine dining restaurants
maintain a low diner to waiter ratio rpy and high menu pri-
ces m. It is also likely that diners at fine dining establish-
ments place more value on service than at casual restaurants,
decreasing 7.

Local sensitivity analysis about ‘typical’ American res-
taurant parameters suggests that the increased menu price,
increased service importance, increased diner-to-waiter ratio,
and increased waiter-to-cook ratio all increase the critical
tipping rate (see Fig. 5). Because no type or class of restau-
rant increases all these parameters, we cannot say with cer-
tainty that a certain type of restaurant should abandon
tipping before another. However, the three strongest corre-
lated parameters (r, rcw, m) support the prediction that casual
dining restaurants should be the first to abandon tipping, and
fine dining establishments should be the last to abandon
tipping.

This prediction is consistent with tipping practices in the
most casual restaurants: customers in fast food restaurants
and counter-service establishments are not typically
expected to leave tips. Among restaurants that expect patrons
to leave tips, the prediction is surprising because the most
vocal advocates for eliminating tipping in America have
been owners of upscale restaurants. However, fine dining
restaurant owners cite social justice as the primary motive
for eliminating tipping in their establishments.>® This claim
is consistent with our prediction because many restaurateurs
have been forced to reinstate tipping in their restaurants in
order to remain profitable.**

B. Limitations

As a conceptual model, systems (11)—(15) cannot offer
quantitative predictions with confidence. One limitation of
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FIG. 5. Local sensitivity analysis for tipping threshold 7. (a) Holding all
else constant, the higher menu price implies a larger tip threshold. This indi-
cates that fine dining restaurants should be the last to abandon tipping if all
other parameters are the same. (b) As diners place more relative importance
on food than service, the critical tip rate decreases. Because customers at
fine dining establishments likely place more value on service, we again
expect that fine dining restaurants will be the last to abandon tipping. (c) In
contrast, as the ratio of diners to waiters increases, the critical tipping rate
increases. With all else held constant, this would imply that casual dining
establishments would drop tipping last. (d) As the ratio of cooks to waiters
increases, the critical tip rate decreases. Although it is difficult to know this
ratio for full service restaurants, it makes sense that the large cook-to-waiter
ratio seen at counter service restaurants implies little to no tipping. For this
example, m; =mp = 10,7 = 12,bys = 5,bcr = 10,rpy = 12, rcy = 0.5,
unless otherwise noted on the independent axis.

this model is the lack of competition among many restau-
rants or eating at home; this could be addressed by consider-
ing the “competing restaurant” as a pool of competition.
Additionally, the model assumes that the benefit of more
employees does not have diminishing returns. More realisti-
cally, restaurant food or service will only benefit from more
employees up to a certain point; after the restaurant is fully
staffed, more employees will be a waste of money and may
even impede service.

Our model also ignores both the federal law that
requires restaurant owners to supplement tipped worker
wages if their hourly tips do not exceed the federal mini-
mum wage>> and many state laws that impose larger mini-
mum wages for tipped employees.”* We also do not
provide a mechanism by which the conventional tip rate
increases and merely assume that the increasing trend will
continue; however, the increasing trend is supported by the-
oretical economic models.” Finally and most importantly,
this model assumes that humans behave rationally when
spending or earning money, a false assumption common
among economic models.*® Restaurant owners may choose
to abandon or maintain tipping regardless of profit, citing
economically irrational reasons or responding to irrational
customer feelings.

In spite of these limitations, the qualitative prediction
that a critical tipping threshold exists at which restaurant
owners may abandon tipping is supported by previous trends
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both in America and internationally. Tipping has gone in and
out of fashion around the world, and although customers nor-
mally drive the introduction (or reintroduction) of the trend,
restaurant owners or governments typically end the practice.37

V. CONCLUSION

The conceptual model presented here takes a new direc-
tion towards understanding the complex service industry.
The oscillating popularity of tipping has previously been
attributed to social contagion and irrational responses to
classism. Using a new approach to modeling the social con-
vention of tipping, we show that rational decisions to maxi-
mize profits may drive the cycle of the tipping trend. We
predict that there exists a critical tip rate threshold at which
restaurant owners would be wise to eliminate tipping in their
establishments. Furthermore, we expect that casual restau-
rants should be the first to abandon tipping, and fine dining
restaurants should be the last.

The simplicity of the model does not allow for quantita-
tive predictions, such as when tipping will go out of fashion
in the U.S. or what the threshold tip rate will be. However,
the model serves as a base for more sophisticated models
and could direct economic data collection to better answer
quantitative questions. This effort would be important not
only to restaurant owners but also to economists, sociolo-
gists, policy makers and all people who play a role in or
interact with the service industry.

SUPPLEMENTARY MATERIAL

See supplementary material for additional discussion
and figures.
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