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Abstract. We model health care access as a congestion game in which
different options for access to health care become less convenient for
patients as more patients use the same option. We focus on the choice
between attending a walk-in clinic and making an appointment. We
characterize a Bayesian Nash equilibrium of patients’ interaction, and
compare it to the optimal patient allocation. We focus then on policy
tools that a health care system might use to steer patients to the optimal
access choice. We also analyze how a health care system might acquire
the information needed to implement the optimal policy.

1. Introduction

The delays that patients experience when trying to access primary health-
care are widely regarded as an important problem [4, 11]. The relevance of
this problem derives from the costs to the healthcare system and the dis-
comfort to patients that an imperfectly functioning access system causes [5].
Different systems for providing access that have been used in practice include
scheduled appointments, open access appointments, and walk-in clinics. The
literature on access systems has addressed the optimal operation of each of
them, such as the optimal scheduling of appointments, and also the optimal
proportion of patients assigned to different access systems (e.g. [16], [17]).
In the existing literature, patients’ behavior is assumed to be exogenous.
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However, in practice patients choose which access point to health care they
contact. In our paper, patients’ choices will be the focus of the analysis.

Our model of patients’ behavior is game theoretic because each patient’s
optimal choice depends on the other patients’ choices. If the number of
other patients who attend a walk-in clinic is very large, then it might be
optimal to instead make an appointment, whereas, if the number of other
patients who attend a walk-in clinic is low, then it might be better to go to
the walk-in clinic. Specifically, we model the interaction among patients as a
congestion game. In such games each option available to an agent becomes
less attractive as more other agents make the same choice. The sizable
literature on congestion games started with [13]. A typical application is
car traffic: the more drivers take any particular route, the more congestion
there is, and therefore the lower the utility from that choice (see, e.g., [14]).
Central to this paper is the observation that when choosing their access
point to healthcare, patients face a problem that is conceptually related to
that faced by car drivers when choosing their commuting route. To our
knowledge, ours is the first paper to develop a theory of congestion games
in health care.

In our model patients differ in their cost of waiting. The disruption of
a patient’s work life that an extended stay in a waiting room causes, for
example, will be different for different patients. Our congestion game will
therefore be one with heterogeneous preferences. Congestion games with
heterogeneous preferences have previously been considered in [9], [10], and
[15]. The main results of this literature concern existence and uniqueness
of equilibrium. We offer an independent, elementary proof of existence and
uniqueness of equilibrium in our model, and then focus on a characterization
of the equilibrium choices, as well as the welfare properties of the equilib-
rium. We show that the externality among agents causes equilibrium to be
inefficient. We discuss how health care providers might go about repairing
this inefficiency. Our discussion of health care providers’ policies builds on
the economics literature on mechanism design (e.g. [2]) and on optimal tax-
ation (e.g. [6]), and applies the insights contained in that literature to our
particular context.

To facilitate the focus on endogenous patient choices, we abstract in this
paper from other features of the health care system. In particular, the precise
organization of different access systems is ignored, and we use a reduced form
approach to describe the relation between patients’ attendance and waiting
times. Also, unlike some of the existing literature (e.g. [1], [7], [16], [17]),
we assume that the resources allocated to each access system are given and
fixed, and that access systems cannot share resources among each other.

2. Model

There is a continuum of patients. Each patient i experiences pain at a
level which differs from patient to patient. We model pain as a “cost per
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time interval,” that is, the cost of suffering the pain in one time unit. We
denote the pain cost per time interval for patient i as pi ≥ 0. Patients also
have costs when they have to wait at a health care provider’s location for
treatment. These costs are distinct from their pain cost, and result, for
example, from the disruption to work or family life. We refer to these costs
as waiting costs. The waiting cost per time interval for patient i is wi ≥ 0.
The joint distribution of (pi, wi) in the continuum size patient population is
described by the cumulative distribution function G. We assume that G has
support [0, pmax]× [0, wmax] for some finite pmax, wmax > 0. We also assume
that G has a continuous density g on this support. We may think of each
patient’s characteristic (pi, wi) as independently distributed according to G.
In a continuum size population the realized distribution is the same as the
theoretical distribution, so that both distributions are given by G.

Patients choose simultaneously and independently between either calling
the health care provider to make an appointment or attending a walk-in
clinic. For simplicity we assume that each patient makes only one choice,
and that this choice is irreversible. We think of the appointment clinic and
the walk-in clinic as separate institutions the operations of which do not
interfere with each other. A patient who attends a walk-in clinic has his or
her pain alleviated quickly, but the waiting time at the walk-in clinic causes
cost wi per time unit. For simplicity, we set the pain cost of a patient who
goes to a walk-in clinic equal to zero. A patient who attends an appointment
clinic will have his or her pain alleviated with some delay, and therefore
experiences what we refer to as pain cost of pi per time unit. On the other
hand, scheduled appointments cause less waiting cost. For simplicity we set
the waiting cost of scheduled appointments equal to zero.

The average waiting times that patients anticipate when they choose to
call the appointment clinic or attend the walk-in clinic depend on the choices
that other patients make. The average waiting time at either of these choices
are the longer the more patients make that choice. We assume that the
average waiting time is, in fact, equal to the measure of patients making the
choice.1 We denote by d(pi, wi) ∈ {0, 1} the choice of the patient with costs
per time unit (pi, wi) where d(pi, wi) = 1 indicates that the patient makes
an appointment, and d(pi, wi) = 0 indicates that the patient attends the
walk-in clinic. Then the average waiting time for an appointment is:

(1) tA =

∫ wmax

0

∫ pmax

0
d(pi, wi)g(pi, wi)dpidwi

and the average waiting time in the walk-in clinic is:

(2) tC =

∫ wmax

0

∫ pmax

0
(1− d(pi, wi)) g(pi, wi)dpidwi = 1− tA.

1Setting average waiting time equal to the measure of patients making a choice would
be without loss of generality if we made no specific assumptions about cost functions.
In (3) and (4) we make, however, quite restrictive assumptions for cost functions. See
footnote 2 where we explain the extent to which our analysis can be generalized.
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Of course, different patients will in practice have different times to wait for
their appointments, and different patients will also have different waiting
times at the walk-in clinic. But as patients find out their actual waiting
times only after they have made their choice we assume that it is the average
waiting time on which they base their choice.

For a patient with costs per time unit (pi, wi) the anticipated cost of
waiting for an appointment is:2

(3) pit
A

and the anticipated cost of going to the walk-in clinic is:

(4) wit
C .

Patients choose whatever option has the lower anticipated cost.

As we mentioned before, the game that we have described above is a
congestion game. Specifically, our model falls into the class of congestion
games with player-specific payoff functions introduced by [9]. This is because
each agent has their own cost function. Different agents therefore have
different costs from congestion. To our knowledge, the specific congestion
game described in this Section has not been analyzed before.

3. Patients’ Equilibrium Choices

We now study patients’ choices if they make these choices independently
and without co-ordination. A patient optimally calls for an appointment if
(3) is less than (4), and a patient optimally attends the walk-in clinic if (4)
is less than (3). The expressions in (3) and (4) involve the average waiting
times tA and tC which, in turn, depend on the choices of patients other
than i. This interaction among agents turns our model into a game in the
sense of game theory. To predict patients’ choices we shall use the notion of
Bayesian Nash equilibrium [3, p. 215]. In a Bayesian Nash equilibrium each
player correctly predicts all other players’ choices. In our context this means
that each patient i correctly predicts the values of tA and tC as determined
by all patients’ choices. One can think of equilibrium as a rest-point of a
learning process that gradually takes patients to equilibrium. The precise
concept that we use is Bayesian Nash equilibrium because our game is a
game of incomplete information: no player knows the cost (pi, wi) of any
other player. However, we do assume that players know the distribution of
other players’ cost parameters, and in a model with a continuum of players,
because the realized distribution of players’ cost parameters equals the the-
oretical distribution, there is no uncertainty left that players have to deal
with. This is different in the finite population model that we investigate in
Section 7.

2 We use the linear cost functions in (3) and (4) for simplicity. The main results of
our analysis remain qualitatively true if patients’ costs are described by convex functions
indexed by a one-dimensional parameter such that an increase in that parameter leads to
an increase in the marginal cost of waiting for all tA and tC .
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Definition 1. A function d∗ that maps every pair (pi, wi) into either 1
(appointment) or 0 (walk-in clinic) is an equilibrium if for every (pi, wi)
the choice d∗(pi, wi) is optimal if patients correctly anticipate the waiting
times given by (1) and (2), where these waiting times are calculated using
d∗.

Our first proposition says that there is a unique equilibrium in our model.
Strictly speaking, equilibrium is unique up to the a set of Lebesgue measure
zero of patients who are indifferent between the two choices. We shall ignore
such sets.

Proposition 1. There is a unique equilibrium d∗. In this equilibrium there
is a constant r̄ > 0 such that patients i for whom pi < r̄wi make an appoint-
ment, and patients i for whom pi > r̄wi attend the walk-in clinic. Here,
r̄ = tC/tA.

Proposition 1 is a special case of Proposition 4 below. Therefore, we don’t
offer a separate proof of Proposition 1. The existence of an equilibrium in our
model also follows from [15, Theorem 2], and also from [9, Theorem 2]. It is
also shown in [10, Theorem 4.3] that congestion games of the type considered
here generically have a unique equilibrium. We shall offer an independent,
elementary proof of Proposition 4 because it is more general3, and because
we obtain at the same time a characterization of patients’ behavior in the
equilibrium.

Figure 1 illustrates the equilibrium described in Proposition 1. We have
simulated a population of 500 patients. Each patient’s characteristics are
indicated by a black dot in Figure 1. We have then calculated the equilibrium
ratio r̄. This ratio equals the slope of the solid line in Figure 1. Patients
with characteristics above the solid line attend the walk-in clinic, whereas
patients with characteristics below the solid line make an appointment.4

In equilibrium, patients sort themselves according to their privately ob-
served characteristics into two categories. There is no need for the health
care provider to observe patients’ characteristics directly. As it is the cost
ratio, not the absolute level of cost, that determines equilibrium behavior of

3Because it allows for fees.
4In Figure 1 the distribution of patients’ characteristics is a product distribution, with

the marginal distribution of w being a power distribution with parameter 0.5, and the
marginal distribution of p being a power distribution with parameter 2. To find the
equilibrium we have first constructed numerically the map that assigns to every expected
number of patients making an appointment the corresponding number of patients opti-
mally making an appointment if their expectations are given by the expected number. In
equilibrium these two numbers have to be the same, that is, we need a fixed point of this
mapping. The mapping is monotonically decreasing. To find a fixed point, we started at
the lowest expected number, and then gradually increased the expected number until a
fixed point was reached. All computations were carried out in R. The algorithm that was
used is available from the authors upon request.
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Figure 1. Equilibrium (solid line) and optimal (dashed line)
allocations of patients.

patients though, even patients with arbitrarily low pi will attend the walk-
in clinic, and even patients with arbitrarily low wi will make appointments.
For example, a patient may attend the walk-in clinic even though their pain
level is very low, if, relatively speaking, the interruption to their daily life
due to the waiting time at the walk-in clinic is unimportant to the patient.

Careful reading of the proof of Proposition 4, which implies Proposition
1, reveals that the equilibrium is determined by the distribution of the ratio
pi/wi that is implied by the distribution G of patients’ characteristics. De-
note this distribution by F . Suppose that this distribution is shifted to the
right in the sense of first order stochastic dominance, that is for all possible
values of the ratio r the value F (r) decreases. The proof shows that then the
equilibrium value of r̄ will increase. Intuitively, as more patients experience
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higher pain levels, in equilibrium patients will anticipate more overcrowd-
ing at the walk-in clinic, and therefore become more willing to wait for an
appointment.

4. Optimal Patient Allocation

Next, we investigate how a benevolent social planner would allocate pa-
tients to the appointment or the walk-in clinic, that is, how a social planner
would choose the function d. We refer in this section to d as an allocation (of
patients to treatment locations). We assume that the planner’s objective is
to minimize the average pain or waiting cost that patients experience. This
average is given by:

(5)

∫ wmax

0

∫ pmax

0
d(pi, wi)pit

A + (1− d(pi, wi))wit
Cdpidwi

where tA and tC are given by (1) and (2).

For simplicity we restrict attention to allocations d such that there are two
open subsetsDC andDA ofR2

+ such that (pi, wi) ∈ DC implies d(pi, wi) = 0,

(pi, wi) ∈ DA implies d(pi, wi) = 1, and such that the set DC ∪ DA has
G-measure 1. We shall call such allocations d regular. Note that this is
a very mild restriction. All plausible potential solutions to the planner’s
optimization problem are regular. The assumption of regularity simplifies
the proof of the following proposition.

For any regular solution, define gA to be the G-measure of DA and gC

to be the G-measure of DC .5 We define p̄A to be the expected value of
pi conditional on (pi, wi) ∈ DA and w̄C to be the expected value of wi

conditional on (pi, wi) ∈ DC .

Proposition 2. For any regular allocation d̂ that minimizes (5) among
all regular solutions there are constants â and r̂ > 0 such that patients i for
whom pi < r̂wi+â make an appointment, and patients i for whom pi > r̂wi+
â attend the walk-in clinic. Here, r̄ = tC/tA and â =

(
gCw̄C − gAp̄A

)
/tA.

Note that the functional form of socially optimal allocations that Propo-
sition 2 describes is more general than the functional form of equilibrium
outcomes that Proposition 1 describes. Whereas Proposition 2 allows an
intercept â that differs from zero, in Proposition 1 it is shown that in equi-
librium this intercept is always zero. Figure 1 illustrates the optimal alloca-
tion. All patients above the dashed line attend the walk-in clinic, whereas
all patients below the dashed line make an appointment.6

5Of course, by assumption, gA is the same as tA, and gC is the same as tC . However,
the exposition is clearer if we use two separate symbols that indicate which interpretation
of these variables is intuitively relevant.

6We determined the optimal allocation in Figure 1 using a grid search for the optimal
fee. From Corollary 1 below we can infer that the optimal allocation is implemented by
a fee. The algorithm that was used to find the optimal fee is available from the authors
upon request.
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Proof. We begin by noting that there cannot be an optimal regular allocation
for which DC = ∅ or DA = ∅. If one of these sets were empty, the average
waiting time at the corresponding location would be zero, whereas at the
other location it would be 1. Therefore, average cost could be reduced by
allocating some patients from the location with waiting times of 1 to the
location with waiting times of 0. From now on, when referring to regular
allocations, we shall assume that DC 6= ∅ and DA 6= ∅.

We next construct a necessary condition for a solution to the social plan-
ner’s problem. Consider any (p∗i , w

∗
i ) ∈ DC . Because DC 6= ∅ there is at

least one such element of DC . Because DC is an open set, there is a neigh-
borhood around (p∗i , w

∗
i ) such that d(pi, wi) = 0 for every (pi, wi) in that

neighborhood. Let theG-measure of that neighborhood be ε > 0. We denote
the neighborhood by Nε. We choose Nε sufficiently small so that Nε 6= DC .
A necessary condition for a solution to the social planner’s problem is that
the average cost are not reduced by setting d(pi, wi) = 1 for all (pi, wi) ∈ Nε.
There are three effects of such a change. First, the average waiting time for
an appointment is increased by ε. Second, the average waiting time at the
walk-in clinic is reduced by ε. Finally, there is the direct effect on the aver-
age waiting costs of all patients belonging to Nε. The necessary condition
is that the sum of these three effects has to be non-negative.

To write the necessary condition formally, we need some notation. We
denote by gCε the G-measure of DC \Nε. We denote by (p̄ε, w̄ε) the expected
value of (pi, wi) conditional on (pi, wi) ∈ Nε. We denote by w̄C

ε the expected
value of wi conditional on (pi, wi) ∈ DC \ Nε.

The change in average cost of switching the allocation of all members of
Nε from the walk-in clinic to appointments is:

(6) ε
(
p̄ε
(
tA + ε

)
− w̄εt

C
)

+
(
gAp̄Aε− gCε w̄C

ε ε
)

A necessary condition for optimality is that this expression is non-negative.
Dividing the expression by ε, we see that this is equivalent to:

(7)
(
p̄ε
(
tA + ε

)
− w̄εt

C
)

+
(
gAp̄A − gCε w̄C

ε

)
≥ 0

Now we consider a sequence of open neighborhoods of (p∗i , w
∗
i ) such that ε

tends to zero. Taking limits for ε tending to zero on the left hand side of
(7) we obtain:(

p∗i t
A − w∗i tC

)
+
(
gAp̄A − gCw̄C

)
≥ 0⇔(8)

p∗i ≥ tC

tA
w∗i +

gCw̄C − gAp̄A

tA
(9)

We conclude that every (p∗i , w
∗
i ) ∈ DC has to satisfy (9). A symmetric argu-

ment shows that every (p∗i , w
∗
i ) ∈ DA has to satisfy the reverse of inequality

(9). �

Proposition 2 does not address the existence of an optimal allocation. A
suitable technical strengthening of our regularity assumption for d yields
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the conclusion that an optimal allocation exists. We do not deal with the
details of this argument here.7

The intercept â in Proposition 2 is negative if gAp̄A > gCw̄C . Intuitively,
this condition means that the total cost per unit of time born by all patients
who make appointments is larger than the total cost per unit of time born by
all patients who attend the walk-in clinic. If the intercept is negative then
there is a set of patients for whom the cost of waiting at the walk-in clinic
wi is so low that they are allocated to the walk-in clinic independent of their
pain level. The intercept â in Proposition 2 is positive if gCw̄C > gAp̄A.
Intuitively, this condition means that the total cost per unit of time born
by patients who attend the walk-in clinic is larger than the total cost per
unit of time born by patients with appointments. If the intercept is positive
then there is a set of patients for whom the pain pi is so low that they are
allocated to appointments independent of their cost of waiting at the walk-
in clinic. Thus, unlike in the equilibrium, the allocation is not exclusively
determined by cost ratios, but also, to a limited extent, by the absolute cost
level.

5. Comparing Equilibrium and Optimum

We now compare the equilibrium that we found in Proposition 1 to the
optimal allocation as chosen by a social planner. The following result is a
consequence of arguments found in the proof of Proposition 2. We therefore
omit the proof of the following result.

Proposition 3. If in the unique Nash equilibrium the total cost per unit of
time, gCw̄C , born by the patients at the walk-in clinic is larger than the total
cost per unit of time, gAp̄A, born by the patients who make appointments,
then the unique Nash equilibrium is not optimal. Average patient cost can
be lowered by re-allocating some patients from the walk-in clinic to appoint-
ments. If in the unique Nash equilibrium the total cost per unit of time,
gCw̄C , born by the patients at the walk-in clinic is smaller than the total
cost per unit of time, gAp̄A, born by the patients who make appointments,
then the unique Nash equilibrium is not optimal. Average patient cost can
be lowered by re-allocating some patients from appointments to the walk-in
clinic.

We note that typically one of the conditions in Proposition 3 will be
satisfied by the unique Nash equilibrium. In general, there is no force in our
model that would ensure that the Nash equilibrium satisfies the necessary
condition for optimality in Proposition 2. If it violates this condition, then
it will satisfy one of the conditions in Proposition 3. Typically, the Nash
equilibrium will be inefficient.

7To prove existence, one may restrict attention to a class of regular allocations d that
include those described in Proposition 2, but that is restrictive enough to be compact in
a topology that makes the expected cost function continuous. Then one may appeal to
the existence of a maximum of a continuous function on a compact space.
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The reason for the discrepancy between equilibrium and optimal alloca-
tions in our model is that patients choose between attending a walk-in clinic
and making an appointment according to their own interest, only, and do not
take the consequences of this decision for other patients into account. These
consequences, namely, that other patients’ waiting times change, constitute
an economic externality. By contrast, the social planner, when allocating a
patient to either the walk-in clinic or to a scheduled appointment, takes into
account the implications of these decisions for other agents.

In a Nash equilibrium, there will be some patients who are almost indif-
ferent between going to a walk-in clinic and making an appointment. These
are the patients for whom the inequality in Proposition 1 is almost satisfied
as an equality. If these agents are re-allocated their own cost stay almost
the same. However, the waiting times of all other patients are changed,
and these other patients are not indifferent to changes in their waiting time.
For example, if more patients are allocated to the walk-in clinic, then the
increase in cost to all other patients in the walk-in clinic is proportional
to these patients’ total cost per unit of time from waiting at the walk-in
clinic, and the reduction in cost to patients waiting for an appointment is
proportional to those patients’ total cost per unit of time of waiting for
an appointment. If more patients are allocated to appointments, then the
situation is the reverse. In each case, the re-allocation of patients leads to
externalities that shift the cost from one group of patients to another. The
social planner, taking the externalities into account, will want to allocate pa-
tients who are almost indifferent to being re-allocated to the location where
the externality cost are smaller. This is the result stated in Proposition 3.

One may see that in the example in Figure 1 the optimal allocation has
fewer patients attending the walk-in clinic than attend the walk-in clinic in
the equilibrium allocation. This is graphically illustrated by the fact that
the dashed line is above the solid line. All our numerical calculations have
indicated that the equilibrium allocation is actually very close to the optimal
allocation. The total cost in the optimal allocation are at most 1% lower
than the cost in the equilibrium allocation. The welfare loss in equilibrium
has been called the price of anarchy in the literature on congestion games.
There is a substantial literature on the price of anarchy (e.g. [8]). In our
model the price of anarchy seems to be low.

6. Optimal Fees

We now discuss how a social planner could change patients’ incentives in a
way that ensures that patients’ decentralized choices in equilibrium improve
on the equilibrium described in Proposition 1, and implement the optimal
allocation described in Proposition 2. The specific policy that we consider
first is that every patient who attends the walk-in clinic is charged a fee
fC > 0 or, alternatively, that every patient who makes an appointment is
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charged some fixed fee fA > 0.8 We assume now that patients’ cost are the
non-material costs described in Section 2 plus the fee, if any, that the patient
has to pay. We maintain the assumption that the social planner’s objective
is solely to minimize average non-material costs, and hence we assume that
the social planner ignores the effect of the fee payments on patients’ cost.
To motivate this we may imagine that the social planner returns the revenue
that he or she collects from patients to those patients, dividing the revenue
equally among all patients. The planner’s payment to agents does not affect
patients’ incentives, because the payment is independent of agents’ choices.
Moreover, when calculating patients’ average cost, the net average monetary
cost are zero, and therefore in the calculation of patients’ average cost the
fee payment may be ignored, as we assume here.

As before, an equilibrium is a function d∗ that maps every pair (pi, wi)
into either 1 (appointment) or 0 (walk-in clinic) such that for every (pi, wi)
the choice d∗(pi, wi) is optimal if patients correctly anticipate the waiting
times given by (1) and (2), where these waiting times are calculated using
d∗. The following result generalizes Proposition 1.

Proposition 4. Suppose every patient who attends the walk-in clinic is
charged a fee fC > 0 or, alternatively, that every patient who makes an
appointment is charged some fixed fee fA > 0. Then there is a unique
equilibrium d∗.

Proof. Consider first the case that a fixed fee fC > 0 has to be paid for every
visit to the walk-in clinic. A patient i optimally makes an appointment if
and only if pit

A < wit
C + fC . Because tC = 1 − tA, we can re-write this

as: pit
A < wi(1 − tA) + fC . Consider any possible value of tA. We have

an equilibrium if and only if the set of patients for whom the condition
pit

A < wi(1− tA) + fC holds, has G-measure tA. Denote the G-measure of
this set by µ(tA). Note that µ(0) = 1, that µ is continuous and decreasing
in tA, and that µ(1) is the G-measure of patients for whom pi is less than
fC . Therefore, if fC ≥ pmax, then in equilibrium all patients will make an
appointment, and this will be the only equilibrium. If fC < pmax, then there
will be a unique fixed point of µ. This fixed point corresponds to the unique
equilibrium of the model. An analogous argument proves the Proposition
for the case that a fixed fee fA > 0 has to be paid for every scheduled
appointment. �

If fC > 0, the condition for a patient to optimally choose an appointment:

pit
A < wit

C + fC ⇔

pi <
tC

tA
wi +

fC

tA
.(10)

8The fees that we discuss in this section are the analogue in our model of the Pigouvian
taxes that are discussed in the literature on competitive markets and externalities (e.g.
[6, p. 355]).
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Similarly, if fA > 0, the condition for a patient to optimally choose an
appointment is:

pit
A + fA < wit

C ⇔

pi <
tC

tA
wi −

fA

tA
.(11)

Note that the inequalities in Proposition 2 are identical to the inequalities
above, with the fee chosen to be equal to the intercept â, where a positive
intercept corresponds to a fee fC , and a negative intercept corresponds to
a fee fA. This motivates the following definition.

Definition 2. Let d̂ be a regular allocation that minimizes (5) among all

regular allocations. The optimal fee policy corresponding to d̂ charges a fee
fC = gCw̄C − gAp̄A for every visit to the walk-in clinic if gCw̄C > gAp̄A,
and it charges a fee fA = gAp̄A − gCw̄C for every scheduled appointment if
gAp̄A > gCw̄C . Here, the relevant values of the variables gC , p̄C , gA and w̄A

are the values which these variables take in the optimal allocation d̂.

From Propositions 2 and 4 we can infer the following result:

Corollary 1. Let d̂ be a regular allocation that minimizes (5) among all
regular allocations. Then the unique equilibrium under the optimal fee policy
corresponding to d̂ is d̂ itself.

Proof. By Proposition 2 the optimal allocation satisfies precisely the in-
equalities required for an equilibrium. By Proposition 4 there is a unique
such equilibrium. �

In the example in Figure 1, the planner will optimally charge a fee for
every visit to the walk-in clinic. This fee moves the allocation towards the
optimal allocation because it deters agents from attending the walk-in clinic.

7. Finding Optimal Fees

To implement the optimal fee policy the health care provider needs to
know the values of gC , w̄C , gA and p̄A for an optimal allocation d̂. To elicit
this information a health care provide may use an incentive scheme known
from game theory as a Vickrey-Clarke-Groves (VCG) mechanism ([2, Defi-
nition 5.4]). VCG-mechanisms are defined for finite populations of patients.
Therefore we change the model at this point, and assume that the set of
patients is the finite set : I = {1, 2, . . . N}. Each patient i ∈ I has char-
acteristics (pi, wi) ∈ [0, pmax]× [0, wmax]. Let di denote patient i’s decision:
di ∈ {0, 1}. The waiting time in each location equals the proportion of
patients choosing that location:

(12) tA =

N∑
i=1

di
N

and tC = 1− tA.

Except for these modifications, the model is as before.
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The VCG-mechanism is now as follows: Each patient i reports the char-
acteristic (pi, wi) to the planner. The planner then determines the efficient
outcome on the basis of these reports, and assigns patients accordingly to
either the walk-in clinic, or asks them to wait for an appointment. We write
d̂i ∈ {0, 1} for the assignment that the planner determines for patient i. To
provide incentives to patients to report their characteristics truthfully, the
planner also charges fees. Define:

(13) C−i =

 ∑
{j∈I:j 6=i and d̂j=0}

wj −
∑

{j∈I:j 6=i and d̂j=1}

pj

 1

N

This is the externality that patient i imposes on all other agents if i is
given an appointment, and is not assigned to the walk-in clinic. If this is
positive, then patient i pays C−i if assigned to an appointment, and nothing
if i attends the walk-in clinic. If C−i is negative, then patient i pays −C−i
if assigned to the walk-in clinic, and nothing if i makes an appointment.9

Note fees are allowed to be different for different patients.

It is well-known that the VCG-mechanism provides incentives to patients
to report their characteristics truthfully in the following sense: Whatever
other patients report it is always at least one of potentially several cost-
minimizing strategies for patient i to report his or her characteristics (pi, wi)
truthfully ([2, Proposition 5.2]). If all patients report their characteristics
truthfully, then obviously the VCG-mechanism implements the optimal pa-
tient allocation.

It is interesting to relate the VCG-mechanism to the optimal fee policy
described above. For this we consider the VCG-mechanism assuming that
each patient’s characteristics are an independent draw from the distribution
G, and we consider the limit for N →∞, so that the finite population model
approaches the continuum population model. It is easy to see that the fees
paid by each patient in the VCG-mechanism converge, for N →∞, almost
surely to the fees of the optimal fee policy. In particular, the fees will be
the same for all patients. Thus the optimal fee policy is the limit of the fees
imposed by the VCG-mechanism.

There is, as well, an important difference between the VCG-mechanism
and the optimal fee policy. The VCG-mechanism is a centralized mechanism:
it collects information from all agents, and then assigns agents to one of the
two different options, walk-in clinic or appointments. By contrast, under
the optimal fee policy, the choice between the two options is left to patients
themselves. In this sense the optimal fee policy is decentralized.10 However,
as we pointed out earlier, the optimal fee policy does not clarify how the
information that is needed to implement this policy is acquired.

9This applies if patient is optimal allocation changes, depending on i’s report. If it
does not change, then i pays no fee.

10For a discussion of related ideas see [14].
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In practice, a mixture of both approaches might be realistic: A random
sample of patients is asked to report their characteristics. Fees are then
determined on the basis of the VCG-mechanism. Fees will be potentially
different for different patients. But if the random sample is sufficiently large
this difference will become negligible. The fees that are based on the VCG-
mechanism can then be applied to all other patients, not included in the
random sample. All other patients can then make their choices by them-
selves, without having to provide information to the health care provider.

We have numerically investigated an even simpler directed search algo-
rithm that the healthcare provider might use to find optimal fees. In this
algorithm the healthcare provider evaluates only the total cost per time
unit suffered by those attending the walk-in clinic, and the total cost per
time unit suffered by those waiting for an appointment. The health care
provider then gradually adjust the fees so that the difference of fees reflects
the difference of these cost per time unit. This algorithm has converged to a
very close neighborhood of the optimal fees in all simulations that we have
conducted.

8. Conclusion

We have modeled health care access as a congestion game, and have dis-
cussed policies that a health care provider might use to shift the equilibrium
allocation to the optimal allocation. In our model it turns out that a simple
fixed fee is sufficient to accomplish this objective. We have also discussed
ways in which the health care provider might collect the information needed
to determine the optimal fees. In future work we plan to investigate other
systems of health care access, such as systems that rely on an initial eval-
uation of patients by a member of the health care system, or systems that
accord each patient a fixed number of credit points for walk-in clinic visits.
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