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Abstract: Canada’s universal health insurance system leads to the underprovision of disease prevention by consumers. This paper demonstrates that
under general circumstances, a public health education campaign designed to
increase coverage of preventive treatment can have the opposite effect. Using a
model of targeted advertising, I derive conditions under which advertising by a
pharmaceutical firm leads to better health care outcomes than a public health
education campaign. The model assumes that an individual’s risk of illness is
common knowledge. Advertising affects a healthy consumer’s perception of the
pain and suffering that accompany disease. It is possible for a public campaign
to improve health care outcomes. For this to happen, the government must be
able to refrain from advertising to consumers with a high risk of illness.

1. Introduction
Canada has a publicly funded universal health care system. When a Canadian citizen
falls ill, the government pays for medical treatment. If a Canadian citizen is healthy, but
at risk of illness, she must pay for preventive treatment out of her own pocket. Both
pharmaceutical firms and the government make use of advertising to convince citizens to
spend money on preventive treatment.
This paper studies the interaction between public health education campaigns and directto-consumer advertising (DTCA) of preventive treatment in the Canadian setting.
Canada boasts universal health care, paid for and managed by provincial governments.
The province pays for medical treatment, but does not in general subsidize measures
meant to prevent illness. Such treatment must be paid for by consumers. Though health
care is funded through taxes, an individual patient’s treatment has a negligible impact on
total health care costs. Consumers therefore treat their health-related tax burden as fixed.
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When deciding whether or not to purchase preventive treatment, the consumer does not
take into account the financial cost of treating the illness once it manifests. This leads
consumers to under-purchase prevention relative to the government’s objectives. The
government can try to correct this under-supply through public health education
campaigns.

Both the government and the pharmaceutical firm manufacturing the

treatment have an incentive to increase the population’s willingness to pay for
prevention.

However, the firm’s profit-maximizing objective may conflict with the

government’s desire to reduce health care expenditure.

High profits may not be

compatible with a high level of prevention, and the firm may use its advertising campaign
to raise prices and possibly lower coverage.
The Canadian government’s traditional response to this conflict has been strict regulation
of direct-to-consumer advertising by pharmaceutical firms.

Among many other

restrictions, an advertiser is allowed to either name the product, or its function – never
both 1 .

The former practice is referred to as ‘reminder’ advertising, and fulfils the

informative function of reminding consumers of the product’s existence. The latter is
‘disease’ advertising. Its purpose is to bring to the attention of consumers the perils of a
particular disease, in the hopes that they will then be willing to pay for its prevention. By
separating product identification from product characteristics, this legislation addresses
the frequently-raised concerns that pharmaceutical advertising will lead to over-use of
medication and higher prices.
In this paper, I consider an alternate approach to public health, in which DTCA may be
used as a complement to or substitute for a public health education campaign. The
interaction between public and private disease advertising has been largely ignored, and it
is possible that through an appropriate choice of policy the government may be able to
harness DTCA as a tool with which to achieve its cost-minimizing objective.

For

example, by targeting low-risk consumers with its advertising, the government may

1

At times, firms have tried to bypass the advertising restrictions by publishing two advertisements on
facing pages of a magazine, one with the drug’s name and the other with its function. These have almost
always been caught before publication. [citation]
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induce a pharmaceutical firm to set a low price in order to capture this low end of the
market 2 , increasing coverage of preventive treatment.
The problem of public versus private advertising is quite general. In the present paper I
restrict myself to the targeted advertising of a patented preventive treatment of a noninfectious disease in Canada. The treatment of preventable diseases is an increasingly
important component of health care expenditure in Canada, as recognized by several
recent government reports 3 . Heart disease, certain cancers and hepatitis are among those
illnesses that can be avoided through appropriate lifestyle choices, vaccination or
prophylactic use. Despite the availability of preventive treatment, incidence of these
diseases remains high, in part because such treatments must usually be paid for by the
patient. In recent years, patented vaccines for hepatitis and the human papillomavirus
(HPV) have been the subject of intensive advertising campaigns by their manufacturers.
Although Canada has strict laws concerning the style and content of such ads, it is not
clear that these can be effectively enforced. In 1997, the United States relaxed its own
DTCA legislation, leading to a surge in pharmaceutical advertising. Many of the ads
produced in the United States’ more favourable legal climate are seen by Canadian
audiences, who receive American channels as part of a cable package or over the air.
Further difficulties rise from the prominence of internet advertising, which allows for the
private transmission of targeted advertising. Both vaccines mentioned above inoculate
the patient against infectious diseases. When a disease is contagious, the decision to
invest in prevention is complicated by the endogeneity of infection risk 4 . The present
paper assumes that infection risk is exogenous, and therefore the preventable disease is
non-infectious.
There is potential for conflict between the goals of patients, government and
pharmaceutical firms. Curative health care is paid for by government, but preventive
measures are usually paid for by consumers. When deciding whether or not to invest in
2

For full details, see Section 3.2 below.
For example, (Health Council of Canada, 2007)
4
For a discussion of public and private treatment of an infectious disease, see (Geoffard and Philipson,
2001).
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prevention, Canadian citizens do not take into account the financial cost of treating the
illness once it manifests. Similarly, when paying for health care the province has an
incentive to rely on cost-effective treatments, regardless of any private discomfort or
inconvenience that must be endured by the patient. In the case of preventable disease,
government and private advertisers have similar goals. Their aim is to convince members
of the population who would not otherwise do so, to engage in treatment. The difference
lies in that the firm controls not only the advertising message, but the price of treatment,
and profit-maximization may be consistent with higher prices and lower coverage than
that desired by the government.
In this paper, I investigate whether it is possible for government to use private DTCA as a
tool in its efforts to minimize health care expenditure in a manner consistent with the
Canadian setting. I assume that all consumers are at risk of contracting a preventable
disease. An individual’s risk of infection is common knowledge. If a consumer falls ill,
the government pays the medical bill. A healthy consumer may buy preventive treatment
from a pharmaceutical firm.

Both government and firm may pay to increase a

consumer’s awareness of the disease, and thereby increase her willingness to pay for
prevention.
The model assumes a setting in which citizens, government and firms are perfectly
informed about any given individual’s risk of infection, but where a healthy consumer’s
perception of the personal cost of disease is subjective, and subject to change. This
assumption may seem out of place, since it is tempting to attribute inadequate levels of
prevention to consumer myopia or a lack of information. Exercise today, for example,
involves a certain expenditure of time and effort in exchange for uncertain health benefits
in the future. An individual at high risk of a disease for which there is a vaccine might
under-estimate the true risk of infection. Some consumers may not be aware of the
existence of preventive treatment. Advances in mass media and information technology
make these scenarios increasingly unlikely. Supermarket racks are filled with magazines
touting the latest diets and health supplements.

Television talk shows interview fitness

experts and disease survivors in between advertisements for the latest vitamin
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supplements. The internet provides a world of information in searchable format, and
increasingly pharmaceutical advertisers target their messages to those consumers most
likely to benefit from them. It is difficult for the modern Canadian consumer to plead
ignorance regarding the existence of major preventable illnesses, and the steps which
may be taken to avoid them.
I assume that advertising is costly and may be perfectly targeted. The advertiser is able
to customize its message to an individual consumer. Ads are expensive, and it costs more
than a dollar to raise willingness to pay by a dollar. Under this assumption, we will never
see advertising to someone whose risk of contracting the disease is identically zero. This
is true to the spirit of internet advertising and current marketing practices – it is possible
for firms to obtain detailed information about the characteristics of individual consumers,
and customize their marketing messages to them accordingly 5 . Such customization is
costly (Schuh, 2000), which means it must be used strategically.

The Canadian

government’s sources of information are different than those available to a private firm.
However, demographic and other data allow for targeting advertising messages. Indeed,
almost all advertising by the Canadian government is necessarily targeted. Canada is a
bilingual, multi-cultural society.

Messages sent by the government must be in the

language spoken by their intended audience, and follow the correct cultural cues if they
are to be effective 6 .
My results hinge on the assumption that advertisements are able to influence a healthy
consumer’s assessment of the private cost of illness. There are many ways in which this
might take place. If disease is perceived as something that may happen in the distant
future, the framing of an advertisement’s message may make the illness more immediate,
and increase a consumer’s willingness to pay for its prevention (Chandran et al, 2004).
While consumers are assumed to know their risk of infection, this does not imply
awareness of the consequences of an illness. For instance, it is possible for an individual
5

For details, see (Zhang, 2004), (Gal-Or, 2005), (Montgomery, 1997) and (Rossi et al, 1996)
For example, see (Larkin et al, 2007) on the need to tailor HIV awareness campaigns to the specific
circumstances of aboriginal youth, (Messerlian and Derevensky, 2007) on customizing anti-gambling
messages for young Canadian adults, and (Lagarde, 2004) on the complexities involved in a bilingual
health education campaign.
6
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to know that she has a 30% chance of developing colon cancer in the next ten years,
without being aware of the pain and suffering that such a condition entails.
Advertisements informing consumers of previously unknown negative outcomes may
increase their willingness to engage in prevention.
I find that it is possible for public health campaigns to have an effect directly opposite to
that intended, whether DTCA is allowed or forbidden. Under general circumstances,
government-sponsored promotion of preventive treatment will lead to a higher price for
such treatment, and lower coverage, than if the government had never advertised at all.
Such an effect is not uncommon in campaigns intended to curtail vices such as gambling
(Messerlian and Derevensky, 2007) or under-age drinking (Ringold, 2002). However,
these ‘boomerang effects’ are largely due to psychological factors and imperfect
targeting. Most commonly, a government campaign condemning an activity will increase
its attraction to rebellious youth. In the present model, advertising is perfectly targeted
by assumption, and this cannot happen. An advertising message sent to youth will, by
assumption, properly take their personal characteristics into account and avoid a
boomerang effect. The reduction in coverage seen in the present paper is independent of
psychology. There is a natural temptation for government to advertise to consumers with
a high infection risk, since their expected medical costs are highest. If government
succumbs to this temptation, the pharmaceutical firm will set a high price and hold these
consumers for ransom. Under the conditions of the model, the rise in price is such that
treatment coverage is lower than it would have been, had the government never
advertised.
The model predicts that DTCA will always increase treatment coverage over the case in
which such advertising is banned. If the distribution of infection risk is sufficiently
smooth, then for any given price, a pharmaceutical firm will always have an incentive to
use advertising to increase coverage. This is illustrated in a simple case by the following
example. Suppose that advertising is very expensive, so that it costs ten dollars to raise a
consumer’s willingness to pay by a dollar. Let the population consist of two individuals,
one of whom is initially willing to pay $20 for treatment, and another who is only willing
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to pay $19. Treatment is sold for $20. Although advertising is costly, the firm is willing
to pay the required $10 in advertising in order to bring in an extra $20 in revenue. No
matter how expensive advertising is, there is always a willingness to pay between 19 and
20 so that in our example, the cost of advertising is less than the additional revenue. This
example ignores the interaction between the firm’s choice of price and its choice of
advertising. Below, I show that when this is taken into account, the firm will always
choose a treatment coverage greater than that which prevails in the absence of
advertising.

By implication, DTCA by the firm can be a superior alternative to

advertising by the government. However, DTCA does increase the cost of treatment.
This must be taken into account in any policy decision.
It is possible for a government-sponsored advertising campaign to substantially improve
health care outcomes, in the form of lower treatment costs and higher coverage. For this
to happen, the government must advertise to consumers with a low to medium risk of
infection, and be able to refrain from advertising to consumers with a high risk of
infection.

By assumption, consumers are perfectly informed of their infection risk

without the need for advertising. By advertising to high-risk consumers, government
makes it profitable for the firm to raise its price. If it advertises to lower-risk consumers,
the government encourages the firm to lower its price in order to capture more of the
market. Consider the following situation. The population consists of two consumers.
One consumer has a 100% risk of contracting a disease, and the other has only a 25%
risk. The disease may be prevented by purchasing treatment from a monopolist. Both
consumers believe that a sick person incurs $10 of pain and suffering. In the absence of
advertising, the firm will charge $10, and preventive treatment will be sold only to the
high-risk consumer. Now suppose that the government is willing to use advertising to
increase the willingness to pay of one of the two consumers by $5. If it advertises to the
high-risk consumer, the firm will charge $15 and coverage will be unchanged from the
case of no advertising. If it advertises to the low-risk consumer, the price of treatment
will go down to $7.50 and both consumers will purchase treatment.
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The link between public and private disease advertising has been largely ignored 7 . There
is a large literature on direct-to-consumer advertising of pharmaceuticals 8 , and in
particular a large number of papers referring to Canada’s experience. Most of these deal
with the advertising of curative treatments, whereas the focus of the current paper is on
preventive treatments. In general, it is found that DTCA is able to influence physician
prescription decisions, and such marketing both raises the price of pharmaceuticals and
shifts demand toward newer, more heavily advertised drugs, independently of their
medical benefits. The literature on targeted advertising is small, and deals mostly with
informative advertising 9 . Consumers are unaware of the price and existence of a product
unless targeted. As a result, firms focus their advertising campaigns on those consumers
with the highest likelihood of buying their product. This differs from the current model,
in which consumers are assumed to be informed of the product’s price and existence, and
advertisers focus their efforts on marginal consumers. There has been some interesting
work on American Health Maintenance Organizations (HMOs) and their coverage of
preventive treatment 10 . Fundamental differences between the Canadian and American
health care systems lead to substantially different results in the present paper. My focus
is not on a shifting bundle of consumers who choose private health insurance providers,
but on the interaction between public and private promotion of preventive treatment in
the context of a government-funded universal provision of curative health care. The
paper closest in spirit to the present one is (Rubin and Schrag, 1996), which examines
agency problems arising from informative drug advertising. They find that HMOs will in
general under-provide prescription drugs relative to the needs of their subscribers, but
drug companies may use advertising to correct this agency problem.
The benefits of public advertising depend crucially upon the ability of the government to
commit to an advertising strategy. If the government is capable of such commitment,
then a public health education campaign will lead to high coverage at a low cost to
consumers and government. If not, there will be a pseudo-‘boomerang effect’ as the
7

For an exception, see (Geoffard and Philipson, 2001).
For example, (Findlay, 2001), (Batchlor and Laouri, 2003) and (Brekke and Kuhn, 2006). This list is not
exhaustive.
9
See (Gal-Or, 2005), (Iyer et al, 2005) and (Esteban et al, 2004).
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(Rubin and Schrag, 1996), (Gohmann, 2005), (Dor, 2004) and (Michelli and Heffley, 2002)
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pharmaceutical firm uses the government’s willingness to advertise to hold high-risk
consumers for ransom. These results are independent of whether or not there is a ban on
advertising by the private sector. If the government abstains from advertising, the firm’s
campaign provides a middle path with prices, cost and coverage between the two choices
provided by public advertising. Thus, if the government is not capable of commitment to
a particular advertising campaign, it is best to allow the firm to advertise in its place 11 .

2. The Model
Society consists of government, a pharmaceutical firm and a unit mass of consumers.
Consumers are at risk of a preventable disease.

Individuals differ only in their

susceptibility to a non-infectious, preventable disease. An individual’s infection risk, x, is
common knowledge. This knowledge can be thought of in terms of the existence of a
public database linking demographic characteristics to infection risk. Consumers are
uniformly distributed on the unit line according to their infection risk. The number of
consumers is normalized to unity.

Consumers
1

0

Infection risk, x

1

Figure 1: Uniform distribution of consumers
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If the government has complete control the price of preventive treatment, then the coverage-reducing
consequences of a lack of commitment may be avoided. However, the presence of the large American
market to the south, and the popularity of cross-border shopping for pharmaceuticals constrain the
Canadian government’s ability to set the price of medication.
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A monopolist offers preventive treatment at a price p. If a consumer pays for preventive
treatment, her risk of infection becomes zero. There are no side effects.
The government offers curative treatment at no charge. If a consumer falls ill, the
government pays for her medical treatment and incurs a financial cost g. There is pain
and suffering associated with the illness. The true extent of this private harm from illness
is only revealed to a consumer once the disease manifests. Initially, all consumers
believe that the private cost of illness is equivalent to the loss of h dollars.
It is possible for either the firm or the government to engage in perfectly targeted disease
advertising. An advertiser pays a fee a(x) to raise the perception of the private cost of
illness of the consumer with infection risk x, by a(x). For example, suppose that the
consumer with 48% risk of infection believes that the private harm from illness is 98
dollars. The government can pay 2 dollars to raise her estimation of the private harm of
illness to 100 dollars. Advertising is additive in its effects. If a consumer is targeted with
2 dollars of advertising from the government and 3 dollars from the firm, her estimation
of the private harm of the disease rises by 5 dollars.
Consumer utility is equal to the expected harm from illness, less the price paid for
treatment. I assume that consumers are risk neutral.
The utility of an untreated consumer is
U(x) = -x(h + af (x)+ ag(x))
Here, x is the consumer’s risk of infection, and h is her initial belief about the private cost
of illness. This belief is common to all consumers. Advertisement by the firm and
government are denoted af and ag, respectively. Since advertising is targeted, it is written
as a function of infection risk x.
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The utility of a consumer who pays for treatment is independent of infection risk, and
depends only on the price of treatment:
T(p) = -p
A consumer will pay for treatment if and only if U(x)<T(p).
Government pays for the curative treatment of sick consumers, and for its own
advertising campaign. Treatment of an ill consumer costs g dollars. The expected cost of
illness from a consumer with infection risk x, is xg. The cost of advertising to the
consumer at x is ag(x). The government’s objective function is equal to the sum of its
costs, and given by
1

1

0

0

G ( p ) = g ∫ H (U ( x) − T ( p )) xdx + ∫ a g ( x)dx

Here, H( ) is the Heaviside step function and p is the price of preventive treatment.
The monopolist’s profits are equal to its revenue from sales of preventive treatment less
its advertising costs. By assumption, the preventive treatment is costless to manufacture.
The firm’s profit function is therefore
1

1

0

0

Π ( p ) = p ∫ H (T ( p ) − U ( x))dx − ∫ a f ( x)dx

Here, af(x) is the firm’s expenditure on advertising to the individual with infection risk x.
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Cost to the government of treating a

g

diseased individual.
Private cost of the disease, or

h

awareness, prior to advertising.
Risk of infection. 0 ≤ x ≤ 1

x

Advertising by the government to the

ag(x)

individual with infection risk x.
Advertising by the firm to the individual

af(x)

with infection risk x.
Private cost of the disease to the

h + af(x) + ag(x)

individual with infection risk x after
advertising
K in Case j. An asterisk denotes an

Kj, K

*
j

equilibrium value. For example, p 3* is
the equilibrium price for Case 3. Cases
are defined in Table 2, below.
Table 1: Notation

Timing
Government begins by deciding upon the regulatory climate in which it and the firm will
operate. It may choose whether or not to allow advertising by the firm, and whether or
not to allow its own advertising. These choices are binding.
After this initial decision, the government may be either the first or second agent to
move. When the government moves, it implements its advertising campaign, ag(x),
provided that advertising by the government is not forbidden. When the firm moves, it
implements its advertising campaign, af(x), provided that such advertising is allowed.
During its move, the firm also chooses the price of treatment, p.
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The sequence of movement need not be interpreted literally. As in the Stackelberg model
of quantity competition, being the first mover may be interpreted as an ability to commit
to a particular strategy. An inability to commit places the government in the position of a
follower.
Once firm and government finish their moves, consumers make their purchase decisions.
The disease will manifest after the consumer’s purchase decision is made. The model
does not look beyond the purchase of preventive treatment. It is to be understood that all
costs associated with the future, such as the government’s costs of treating the disease,
are in present discounted terms.

Time
Advertising
Bans

First
Mover

Second
Mover

Treatment
Purchased

Illness
Curative
Manifests Treatment

Figure 2: Timing

There are six distinct combinations of order of movement and regulatory climate to be
considered. I will analyze the sub-game perfect Nash equilibrium to each of these cases
in turn, taking the regulatory climate and order of movement as given. For example,
when analyzing the case where all advertising is allowed and the government moves
second, I will assume that government does not have the option of moving first. This
approach is consistent with the primary goal of this paper, which is to find and categorize
the environments in which private advertising is beneficial to government and health care
outcomes.
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Firm

Government

No ads

First Mover

No ads

Case 1

Case 4

First Mover

Case 2

Second Mover

Case 3

Second Mover

Case 5
Case 6

Table 2: Cases

In Section 3, I consider those cases in which the firm is not allowed to advertise. Section
4 deals with the remaining cases.

Section 6 provides a summary of findings and

concluding remarks.

3. Advertising by the Firm is Forbidden
In this section, I examine Cases 1, 2 and 3. They hold in common that all advertising is
done by the government, when any advertising is done at all.

3.1 Case 1: No advertising
Advertising is forbidden to both the government and the firm.
A unit mass of consumers is uniformly distributed along a line of length 1. Consumers
differ only in their susceptibility to illness. Their address on the unit line corresponds to
their chance of contracting the disease if left untreated.
Each consumer weighs her expected cost from illness, xh, against the cost of preventive
treatment, p. If p<xh, the consumer pays for treatment. The consumer indifferent to
treatment has infection risk

z1 =

p
h
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Consumers pay for treatment if and only if their infection risk, x, is greater than z1.

p/h

0

Risk of infection, x

1

U(x)=-hx
T(p)=-p

-p

-h

Figure 3: Case 1 Illustrated

A fraction (1 – z1) of consumers purchase treatment.
The firm’s profits are equal to its revenue. The monopolist’s profit function is given by

Π 1 ( p ) = p(1 − z1 )
The profit-maximizing price is obtained by solving the firm’s first-order conditions.
Since there is no advertising in Case 1, this is the firm’s only decision, and the profitmaximizing price is the Nash equilibrium:

p1* =

h
2

Π 1* =

h
4

This leads to profits of
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The indifferent consumer has an infection risk of

z1* =

1
2

Since consumers with infection risks greater than ½ buy treatment, the government’s
costs consist only of the expected medical costs for consumers with x < ½.

The

government’s objective function is therefore given by
1/ 2

G = g ∫ xdx =
*
1

0

g
2

When neither the firm nor government advertise, treatment coverage will be 50%.
Consumers pay for treatment if their infection risk exceeds 50%. The price of treatment
is equal to half of the perceived private cost of illness, h. Government’s expected costs
are half of the cost of curative treatment for a single individual.

3.2 Case 2: Ex-Ante Advertising by the Government
Consider the two-stage game in which advertising by the firm is banned, the government
advertises in the first stage and the firm sets the price of treatment in the second.
The government’s advertising campaign consists of a complete specification ag(x) of its
advertising expenditure to each consumer.
In the second stage, the firm observes the government’s advertising, ag(x), and sets its
price, p. The expected utility of a consumer who does not purchase treatment is

(

)

U 2 ( x ) = − x h + a 2g ( x )
The utility of a consumer who purchases treatment is
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T(p) = -p
Consumers will purchase treatment if and only if U2(x) < T(p), and so the firm’s profits
are given by
1

Π 2 ( p) = p ∫ H (T ( p) − U 2 ( x))dx
0

where H ( ) is the Heaviside step function. The firm’s choice of price will therefore be
conditional on the government’s advertising campaign.
Now consider the government’s choice of advertising in the first period. Let the price
chosen by the firm in the second stage, upon observation of the government’s campaign,
be pg. The government will not advertise to consumers who buy the treatment regardless
of advertising. When the firm sets a price of pg, the indifferent consumer is at pg/h. The
government will not advertise to consumers with x>pg/h.
Lemma 1: Suppose government is the sole advertiser and first mover.

Then in

equilibrium all consumers advertised to have the same willingness to pay for treatment.
Proof: Let the price set by the firm in the second stage be pg, and consider those x for
which ag(x)>0. If U2(x)<-p for some x, then the government would strictly prefer to set
U2(x)=-pg, achieving treatment at a lower cost. If U2(x)>-p for some x, then the
government may achieve the same result (non-treatment) by setting ag(x)=0. ■

The government need only advertise to the extent that makes a targeted consumer
indifferent to purchasing treatment.

If it pays for more advertising, the additional

expenditure is wasted, because the consumer would have bought treatment with less
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advertising. If it pays for too little advertising, the outlay is wasted because the consumer
will not purchase treatment.
That is, ag(x) is such that U(x) = T(p) and

pg
a (x ) =
−h
x
g
2

The government’s goal is to increase treatment coverage, and thereby lower its expected
health care costs. It will never choose a coverage target less than ½, since it can achieve
50% coverage by not advertising (as shown in Section 3.1). It is impossible to reach total
coverage, because no amount of advertising will convince the consumer with infection
risk x=0 to purchase treatment. Coverage in this case will therefore lie strictly between ½
and 1.
The government’s advertising campaign will target a continuous swathe of consumers.
Let z2 be the lowest infection risk for which a 2g ( x ) > 0 . Then it must be the case that
a 2g ( x ) > 0 for all x greater than z2 and less than pg/h. Recall that the government must
pay g dollars in medical costs if a consumer contracts the disease. If ag(z2)>0, this
implies that the government’s expected benefit from advertising, z2g, is greater than the
cost of advertising to that consumer, pg/z2 – h. Since (gx – (pg/x – h)) rises with x, this
means that the benefit must exceed the cost for all x>z2, as well.

However, the

g

government will not advertise to consumers with x>p /h, because they are willing to
purchase treatment even without advertising.
Thus, in equilibrium, for a desired coverage of (1-z2), the government’s advertising
campaign must take the form

pg
a ( x, z 2 ) = x − h
0
g
2

pg
h
otherwise

z2 < x <
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Now consider the firm’s choice of price.

The government does not advertise to

consumers with x>1/2, so it is possible for the firm to choose p=h/2 and earn profits of
h/4, as in Case 1. These are its reservation profits. If the firm chooses a price pg<h/2, as
required for coverage greater than ½, then the profit from doing so must at least be equal
to the firm’s reservation profits.
If the firm chooses p = h/2, its profits are h/4. If the firm chooses p = pg, then U(x) > 0
for all x>z, and the firm’s profits are equal to pg(1-z2). When pg = h/(4(1-z2)), the two are
equal.

If the government desires coverage of (1-z2), it must therefore choose its

campaign such that
⎞
⎛
1
1
h⎜⎜
− 1⎟⎟ z 2 < x <
a ( x, z 2 ) = ⎝ 4(1 − z 2 )x ⎠
4(1 − z 2 )
0
otherwise
g
2

In the equilibrium for Case 1, the firm’s surplus is equal to the sum of areas D and E in
the diagram below. Through advertising, the government may raise awareness of the
consumers on [pg/h,z2] so that they are willing to pay for the treatment at a price pg. The
firm’s surplus from setting a price pg becomes A + B + C + D. If A + B + C is equal to
E, then the firm will charge the lower price.
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z

0

pg/h

B

1/2

C

U = -hx

1

D

A
-p g
E
-h/2

-h

Figure 4: Case 2

Equating A + B + C to E uniquely determines pg as a function of z2. In the limit of full
coverage (that is, z2=0), pg = h/4. This is the lower limit for prices under ex ante
government advertising. In no case will we see pg>h/2, since this would mean lower
coverage than in the case of no advertising.
The government chooses the amount of coverage that minimizes its objective function,
which is the sum of advertising costs and expected health care costs from non-treatment.
That is,
1
⎛
⎞
1
G2 ( z 2 ) = g ∫ xdx + ∫ ⎜⎜
− h ⎟⎟dx
4(1 − z 2 )x
⎠
0
z2 ⎝
z2

In equilibrium, coverage rises with the cost of medical treatment, g, as the government
becomes more willing to invest in disease prevention. For a constant g, coverage falls
with the intrinsic private cost of illness, h, as this increases the firm’s reservation profits
and makes advertising more expensive.

As shown in the theorem below, for an

appropriately large value of g, coverage may be brought arbitrarily close to 1.
When advertising by the firm is banned, government advertises and the government is the
first mover, health care expenditure is less than in Case 1. Coverage is higher than in
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Case 1, and the price of treatment is lower, but firm profits – and therefore total consumer
expenditure – remain at the levels established in the equilibrium to Case 1.
Theorem 1: (Case 2) Suppose government is the sole advertiser and first mover. Then
the equilibrium price is lower than in Case 1, and treatment coverage is higher.

Proof: In the Appendix
3.3 Case 3: Ex-Post Advertising by the Government
In Case 3, advertising by the firm is forbidden, but advertising by the government is
allowed. This regulatory environment is known to all agents.
The timing is such that the firm moves first, setting its price in full knowledge of the
government’s ability to advertise. It will therefore choose a higher price than in Case 1,
where the government cannot advertise.
After the firm has set its price, the government implements its awareness campaign.
Finally consumers make their purchase decisions.
The government takes the firm’s price p as given. If it does nothing, then the indifferent
consumer has infection risk p/h and treatment coverage is (1 – p/h). Through advertising,
the government is able to raise the awareness of individual consumers so that they are
indifferent to paying for treatment.
Letting ag(x) be government spending on advertising to the individual with infection x,
the utility of an untreated consumer is

(

)

U 3 (x ) = − h + a g (x ) x

The utility of a treated consumer is T(p) = –p.
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The advertising required to make a consumer indifferent to treatment is (p/x – h). The
government will target all consumers who would not pay for treatment on their own, and
for whom the benefit of treatment meets the cost of advertising. The expected benefit to
the government of treating the consumer with infection risk x is in the form of forgone
medical costs, xg.
The government’s surplus from advertising to the individual with infection risk x is xg –
p/x – h. This rises with x.
The lowest risk infection targeted by government ads, z3, will be that at which benefit is
equal to cost, so that gz3 – p/z3 – h = 0. There are two solutions to this equation, only one
of which is positive, and so

z3 ( p) =

h 2 + 4 gp − h
2g

Advertising is illustrated in the diagram below.

z

0

p/h

1

U = -hx

-p

-h

Figure 5: Case 3

The firm has no advertising costs, and so its profits are equal to revenue:
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Π 1 ( p ) = p (1 − z 3 ( p ))

The firm’s first-order conditions can be solved for the profit-maximizing price, p 3* . The
full expression is presented in the proof of Theorem 2.
In the case of ex-post advertising by the government, the price of treatment is never less
than in the case of no advertising. The limit of p 3* as g tends to zero is h/2, the
equilibrium price in the case of no advertising, and the profit-maximizing price rises with
g.
This rise in price will lead to a pseudo-boomerang effect. For positive g, coverage is
always lower than in the absence of advertising. As g ranges from zero to infinity,
z 3 ( p 3* ) ranges from ½ to 2/3. Since prices are never lower and coverage is never higher,

total health care costs are never less than in the case of no advertising.
If the government cannot commit to advertising before the firm sets its price, then it is
best to not advertise.
Theorem 2: (Case 3) If the government is the sole advertiser and advertises after the
firm sets its price, then in equilibrium the price of treatment is higher and coverage is
lower than in Case 1.

Proof: In the Appendix.
4. Advertising by the Firm is Allowed
In this section, I examine Cases 4, 5 and 6, in which the firm is allowed to advertise.

4.1. Case 4: The Firm as sole advertiser
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Advertising by the firm will lead to higher prices and higher coverage than in Case 1,
where neither government nor firm are allowed to advertise.
Consider the case where the firm is sole advertiser. The monopolist advertises, then sets
its price, after which consumers make their purchase decisions.
The firm’s targeted advertising campaign consists of a complete specification af(x) of
advertising expenditure as a function of infection risk.
If a consumer purchases preventive treatment from the firm at a price t, her utility is T(p)
= -p. If a consumer does not purchase treatment, her expected utility is
U4(x) = -x(h + af(x))
where x is the risk of infection. Consumers will buy treatment if and only if the benefits
of treatment exceed the cost, which happens when T(p)>U4(x).
For consumers with x>p/h, T(p)>U4(x) even when af(x) = 0. There is no benefit to the
firm from advertising to these high-risk individuals, since they will buy the product on
their own.
Low-risk consumers with x<p/h will not buy treatment unless they are advertised to. The
firm has no incentive to advertise to them past the point that makes them indifferent to
purchasing the product. As such, whenever advertising is positive, U4(x) = T(p) and
af(x) = p/x – h
The firm will advertise to consumers as long as advertising produces additional revenue
in excess of its costs. This is true whenever af(x)<p. That is, when x>p/(p+h). The
firm’s campaign thus takes the form
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⎧p
⎪ −h
a ( p, x ) = ⎨ x
⎪⎩ 0

p
p
≤x≤
p+h
h
otherwise

f
4

0

p/(p+h)

p/h

Infection risk, x

1

-p

-hx

-h

Figure 6: Case 4

Since it has no production costs, the firm’s profits are equal to its revenue minus
advertising costs. All consumers with x>p/(p+h) will pay for treatment. The firm must
pay for advertisements sent to consumers with infection risks between p/(p+h) and p/h.
The firm’s profit function can therefore be written in terms of price, as
1

1

p
p+h

0

Π 4 ( p ) = p ∫ dx − ∫ a f (x )dx

⎛
p ⎞
⎟−
Π 4 ( p ) = p⎜⎜1 −
p + h ⎟⎠
⎝

p
h

∫

p
p+h

⎛p
⎞
⎜ − h ⎟dx
⎝x
⎠

Differentiating with respect to p and solving the first-order conditions yields a profitmaximizing value of p, p 4* , equal to αh, where
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α≡

1
−1
LambertW (1)

The Lambert W function is the transcendental inverse function of f(x) = xex, and α is
about equal to 0.76.
The price obtained with the firm as sole advertiser is higher than the benchmark price of
h/2 obtained in Case 1. When compared to Case 1, advertising by the firm raises the
price of treatment by over 50%. However, for high medical costs, the price of preventive
treatment in Case 4 is lower than the cost of treatment in Case 3, when the government is
a follower and sole advertiser. In that situation, the price of treatment increases without
bound as the cost of treating infected patients rises.
Although price of treatment rises linearly with the private cost of illness, coverage is
independent of the value of h. When p = αh, p/(p+h) = α/(1+ α). This is a constant, equal
to about 0.43, and coverage is thus always about 57%. In Case 1, only 50% of consumers
purchase treatment.

Advertising by the firm provides greater coverage than in the

benchmark case.
Government costs are lower than in Case 1, because the increase in coverage is paid for
entirely by consumers and the firm.
Theorem 3: (Case 4) Suppose the firm is the sole advertiser. Then in equilibrium,

price is αh and treatment coverage is

1
1
where α ≡
− 1.
LambertW (1)
1+α

Proof: In the Appendix.
Case 5: The firm as second advertiser

Consider the case where both the firm and the government are able to advertise, but the
firm’s advertising takes place after that of the government. In this situation, coverage
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will be greater than when the firm is the sole advertiser, though the price of treatment will
not necessarily be lower.
It is a two-stage game. In Stage 1, the government advertises to consumers. In Stage 2,
the firm advertises, and sets it price. Finally, consumers make their purchase decisions.
The utility of a treated consumer is T(p) = - p. The utility of an untreated consumer with
infection risk x is
U5(x) = -x(h + af(x) + ag(x))

Here, af(x) is the firm’s advertising expenditure on the consumer with infection risk x,
and ag(x) is the government’s.
A consumer will purchase treatment if and only if T(p)>U5(x).
In stage 2, the firm observes the government’s advertising choices before making its own
advertising decision. It will not target consumers that will purchase the good without
additional advertising. The firm will advertise to consumers who would otherwise not
purchase treatment so long as the benefit of doing so exceeds the cost. The benefit of
convincing the consumer with infection risk x to purchase treatment is equal to the
revenue from an extra sale, p.

The cost of advertising is equal to the amount of

advertising needed to make the consumer indifferent to purchasing treatment at price p.
Firm advertising thus takes the form
⎧
⎪
0
⎪
⎪
a5f ( x ) = ⎨
0
⎪
⎪ p − h − a g (x )
⎪⎩ x

− x(h + a g ( x )) < − p
p
− h − a g (x ) > p
x
otherwise
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The government’s goal is to increase treatment coverage, and thereby lower its expected
health care costs. It will never choose a coverage target less than

1
(about 57%),
1+α

since by Theorem 3 it can achieve this coverage by not advertising. Total coverage is
impossible, because the consumer with infection risk x=0 will never pay for treatment.
Coverage in this case will therefore be strictly between
infection risk higher than

α
1+α

1
and 1. Consumers with an
1+α

, the lowest infection risk that purchases treatment when

the firm is the sole advertiser, will not be targeted by government advertising.
The government will not advertise to consumers that the firm is willing to fund entirely.
When the government advertises, it will do so in such a way as to extract the firm’s entire
surplus.
This is illustrated in the diagram below – the government’s contribution to awareness is
area A, while that of the firm is B + C.

0

zg

p/(p+h)

p/h

Infection risk, x

A
-hp/(p+h)
B

C

-p

-hx

-h

Figure 7: Case 5

1
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As established above, if x<p/(p+h), the cost of advertising required to bring a consumer
to indifference exceeds the price of treatment. The government can use advertising to
‘top up’ willingness to pay in this region to the lowest level required for the firm to be
willing to pay for advertising. This top-up is more expensive for individuals with lower
infection risks.

When x>zg, the government’s benefit from preventive treatment is

greater than the cost of advertising. If x<zg, the government is unwilling to pay for
additional treatment..
The government’s advertising campaign takes the form

⎧p
⎪ −h− p
a (x ) = ⎨ x
⎪⎩
0
g
5

p
p+h
otherwise

zg ≤ x ≤

Where

p
− h − p ≡ zg g
zg
The firm’s advertising campaign will be
⎧p
⎪x −h
⎪
⎪
a5g ( x ) = ⎨ p
⎪
⎪ 0
⎪⎩
Now consider the firm’s choice of price.
consumers with x>

α
1+α

p
p
≤x≤
p+h
h
p
zg ≤ x ≤
p+h
otherwise

The government does not advertise to

, so it is possible for the firm to choose p=αh and earn profits of
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approximately h/3, as in Case 4. These are its reservation profits. If the firm chooses a
lower price, then the profit from doing so must at least be equal to the firm’s reservation
profits.
While it is not possible to rule out prices lower than αh entirely, they are unlikely to form
part of an equilibrium.
Suppose that in the second period, the firm sets a price p less than αh. If the government
did not advertise, such a price would lead to profits less than those in Case 4. If the
firm’s profits are to be equal to reservation profits, then for some x the government must
be providing advertising such that ag(x)>0 and p/x – h – ag(x) < p. That is, for some
infection risk x, the government is paying for more advertising than is strictly necessary
to convince the firm to capture that consumer.

The government therefore has an

incentive to deviate from its advertising strategy at that particular infection risk,
weakening the stability of any possible equilibrium involving a price less than αh.
If we assume that the firm sets p= αh, as in Case 4, then all incentives are satisfied. The
firm earns its reservation profits, and the government spends the minimum amount
necessary on advertising. The price is by definition the same as when the firm is the sole
advertiser, and coverage is necessarily higher.
4.2 Case 6: The firm as first advertiser

If the government cannot commit to advertising before the firm sets its price, then
allowing advertising by the firm will increase coverage, but raise the price of treatment.
Consider the case where direct-to-consumer advertising by the firm is allowed, and the
government advertises after the firm. Timing is as follows. In Stage 1, the firm sets its
price and implements its advertising campaign. In Stage 2, the government takes the
firm’s advertising and price as given, and sets its own advertising campaign. Consumers
then make their purchase decisions.
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The utility of a treated consumer is T(p) = - p. The utility of an untreated consumer with
infection risk x is
U6(x) = -x(h + af(x) + ag(x))

Here, af(x) is the firm’s advertising expenditure on the consumer with infection risk x,
and ag(x) is the government’s.
A consumer will purchase treatment if and only if T(p)>U6(x).
In stage 2, the government observes the firm’s advertising choices before making its own
advertising decision. It will not target consumers that will purchase the good without
additional advertising.

The government will advertise to consumers who would

otherwise not purchase treatment so long as the benefit of doing so exceeds the cost. The
benefit of convincing the consumer with infection risk x to purchase treatment is equal to
the expected medical costs from leaving the individual untreated, xg.

The cost of

advertising is equal to the amount of advertising needed to make the consumer indifferent
to purchasing treatment at price p. Government advertising thus takes the form
⎧
⎪
0
⎪
⎪
a 6g ( x ) = ⎨
0
⎪
⎪ p − h − a f (x )
⎪⎩ x

− x( h + a f ( x )) < − p
p
− h − a f ( x ) > xg
x
otherwise

In stage 2, the government will advertise to consumers with U6(x)-ag(x)>–p so long as the
benefit of doing so, xg, exceeds the cost, p/x – h – af(x).
In stage 1, the firm will not advertise to consumers with x>p/h, since they are willing to
buy the treatment at price p. Neither will it advertise to consumers that the government is
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willing to fund entirely. When it does advertise, it will do so in such a way as to extract
the government’s entire surplus.
This is illustrated in the diagram below – the firm’s contribution to awareness is area A,
while that of the government is B + C.
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A
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Figure 8: Case 6

When x>zg, the government’s benefit from preventive treatment is greater than the cost of
advertising. If x<zg, the government is unwilling to pay for additional treatment. The
firm can use advertising to ‘top up’ willingness to pay in this region to the lowest level
required for the government to be willing to pay for advertising. This top-up is more
expensive for individuals with lower infection risks. When x=za, the cost of top-up is
equal to the price of treatment, p.
The government’s advertising campaign takes the form
⎧p
⎪x −h
⎪
a 6g (x ) = ⎨ gx
⎪ 0
⎪
⎩

p
h
za ≤ x ≤ z g
zg ≤ x ≤

otherwise
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The firm’s advertising campaign is
⎧p
⎪ − h − gx
a (x ) = ⎨ x
⎪⎩
0
f
6

za ≤ x ≤ z g
otherwise

The boundaries of each campaign are the points at which advertising cost becomes equal
to the marginal benefit of coverage – zg in the case of government, and za in the case of
the firm:

p
− h ≡ zg g
zg
p
− h − gz a ≡ p
za

All consumers with x>za will purchase treatment at a price p. The firm’s profit function
is then equal to revenue minus advertising costs:

zg

Π 6 ( p ) = p(1 − z a ) − ∫ a f ( x )dx
za

It can be shown numerically that the profit-maximizing price is approximately α(f+h),
implying treatment coverage between 0.43 and 0.56 12 - that is, between the coverage
achieved by ex-post government advertising alone, and firm advertising alone. Coverage
falls with medical costs g and rises with private costs h. When medical costs are high,
the coverage-lowering effect of ex-post government advertising dominates. When they
are low, the coverage-increasing effect of firm advertising is more important.

12

The first-order conditions must be solved numerically, and this result is most easily shown using the
‘guess and verify’ method. Take the derivative of the profit function with respect to p. Substitute
p=0.75(h+g). Taking limits as h and f tend to zero and infinity, this is always positive. Now substitute
p=0.78(h+g). Taking the same limits, in this case the derivative is always negative. The profit-maximizing
price is never less than 0.75(h+g) and never greater than 0.78(h+g).
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5. Conclusion

Public health education campaigns intended to increase coverage of preventive
treatment may well have the opposite effect. If a pharmaceutical firm engages in directto-consumer advertising (DTCA), it will always increase coverage and price of treatment
when compared to the case where it does not advertise.

Whether government can

improve on DTCA depends on the government’s ability to commit to a targeted
advertising strategy that excludes patients at high risk of illness. The model developed in
this paper assumes that an individual’s risk of infection is common knowledge. High-risk
individuals are the most willing to pay for preventive treatment. Advertising to this
demographic, and increasing their willingness to pay, induces the pharmaceutical firm
producing the treatment to set a high price. The resulting increase in price is sufficiently
high to reduce coverage when compared to the case of no advertising. If instead, the
government targets consumers with lower infection risks, the firm will have an incentive
to lower its price in order to capture this segment of the market. In this case, the price of
treatment will be lower, and coverage higher, than they would be in the absence of
advertising. This is true regardless whether or not DTCA is banned. However, the
government’s advertising strategy is of crucial importance. If the government cannot
credibly exclude high-risk consumers from its advertising, then it will not be possible to
obtain the lower prices and higher coverage mentioned above.
Several important assumptions distance the model in this paper from reality. The model
assumes that the government is not a purchaser of preventive treatment. Targeted
subsidies of preventive treatment are a subset of this model, and the results of this paper
continue to hold 13 for any form of subsidy that varies linearly with infection risk. The
model also assumes that no advertiser can revise its campaign. A more dynamic setting,
in which firm and government are allowed to launch multiple advertising campaigns, is
left for further work. Finally, the model assumes that preventive treatment is provided by

13

The original version of the model included a possibility of government purchases of preventive
treatment, effectively a 100% targeted subsidy. The qualitative results thus obtained were not substantially
different than those in the current paper.
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a monopolist. Incorporating generic drugs and other competition into the model is an
avenue for future research.
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Appendix
Proof of Theorem 1:

The game is in two stages. In the second, the firm sets its price, taking government
advertising as given. In the first, the government advertises. An equilibrium consists of
a 2g (x )
an advertising function
and price p from which neither firm nor government has an
incentive to deviate.
By Lemma 1, government ads bring consumers with utility greater than –pg to a utility of
–pg, where g is a positive constant. The address of the highest consumer advertised to is pg/h. Let the address of the lowest consumer be z2.
Since the firm does not advertise, profits are equal to revenue.
Given g and z2, profits in the second stage are
p⎞
⎛
p ⎜1 − ⎟
h⎠
⎝
Π 2 ( p ) = p (1 − z 2 )
p⎞
⎛
p ⎜1 − ⎟
h⎠
⎝

p > pg
z2 h ≤ p ≤ p g
p < z2 h

Since sales are independent of price for z2h<p<pg, the firm will prefer p=pg to all other
values of p in this range.
We know from the analysis of Case 1 that p(1-p/h) is at a maximum when p=h/2. When
z2h<h/2<pg, the firm will choose p=h/2. Otherwise, it will choose p=h/2 when profits
from such are higher than pg(1-z). That is,
⎧h
⎪2
⎪⎪ h
p 2* = ⎨
⎪2
⎪pg
⎪⎩

h
≤ pg
2
h
g
p (1 − z 2 ) ≤
4
h
g
p (1 − z 2 ) ≥
4
z2h ≤
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In stage 1, the firm will not set z2>1/2, since the firm is willing to supply these customers.
It will not set pg>h/2, since for any given z this raises advertising costs without increasing
coverage.
For any given z2<1/2, the government must set g such that
pg(1-z2) = h/4
This implies that
pg =

h
4(1 − z 2 )

The government will advertise to all consumers with addresses greater than or equal to z
and utility greater than g – that is, all consumers on [z2,pg/h].
Advertising is done in the amount just needed to make consumers indifferent to the good
at price pg.
a 2g ( x ) =

pg
−h
x

Government health care costs are equal to the expected medical costs of the untreated
consumers:
1
⎛
⎞
1
G2 ( z ) = g ∫ xdx + ∫ ⎜⎜
− h ⎟⎟dx
4(1 − z 2 )x
⎠
z2 ⎝
0
z2

The government seeks to minimize total costs.
The first-order conditions may be solved for z 2* . The solution is not reproduced here for
reasons of length.
When g=0, z 2* is ½ as it is never worthwhile for the government to advertise, and we are
back to the benchmark case. When h=0, z 2* =0 as advertising is costless.
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The value of z 2* falls with g and rises with h, and thus so does the price p 2* 14 . (A higher
h raises advertising costs for x<pg/h.) For positive g, coverage is always greater than ½
and price is always less than h/2. ■

Proof of Theorem 2:

The game is in two stages. In Stage 1, the firm sets a price. In stage 2, the government
advertises and consumers make their purchase decisions.
Stage 2
To make consumers indifferent between buying the product and not buying it, the
government must set ag(x) = p/x – h. It will not advertise to addresses greater than p/h.
The lowest address advertised to, z3, will have marginal benefit equal to advertising cost
– the marginal benefit to the government from advertising is gx.
Solving, we find

z3 ( p ) =

h 2 + 4 gp − h
2g

Firm profits in stage 1 are then
Π 3 ( p ) = p(1 − z ( p ))
Solving the first-order conditions, we find that
p3* =

1 ⎛ (2 g + h ) ⎛
⎜ (2 g + h ) + 2
⎜
⎝
6g ⎝
3

(g + h )2 − gh ⎞⎟ − h 2 ⎞⎟
⎠

⎠

The limit of p 3* as g Æ 0 is h/2, and this is greater than h/2 for g>0. When p=g+h, z=1,
and so the price will be between h/2 and h+g. When h=0, p 3* =4g/9. The limit of p 3* as
hÆinfinity is infinity. ■

Proof of Theorem 3:

Let the firm be the sole advertiser and first mover.
z 2* depends only on the ratio h/f by making the substitution h= f in the
*
expression for G2(z). It is then easy to show that that for >0, z 2 is independent of .

14

It may be verified that
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The utility of an untreated consumer who is not advertised to is –xh, where x is the risk of
infection. The utility of a treated consumer is –p. Consumers with infection risk greater
or equal to p/h are therefore willing to purchase treatment without being advertised to.
Consumers with x<p/h will not purchase treatment without being advertised to. The firm
need only advertise to the extent that makes a consumer indifferent to purchasing
treatment at price p. Since the utility of an untreated consumer is U4(x) = -x(h + af(x)),
this implies that when af(x) > 0, it takes the form af(x) = p/x – h.
p
be the lowest infection risk targeted with advertising. The firm will advertise
h
so long as the cost of doing so does not exceed revenue from an additional consumer, p.
This means that at af(z4) = p, and so z4 = p/(p+h). For x>z4, p>af(x). The firm will
therefore advertise to all consumers on [p/(p+h),p/h].

Let z4 ≤

A unit mass of consumers is uniformly distributed with respect to the risk of infection
along the unit line. If all consumers with x>p/(p+h) purchase treatment, then a mass (1 –
p/(p+h)) of consumers purchases treatment. Firm revenue is therefore p(1 – p/(p+h)).
The cost to the firm of its advertising campaign is
p
h

1

∫ a (x )dx = ∫
f

0

p
p+h

⎛p
⎞
⎜ − h ⎟dx
⎝x
⎠

There are no costs of production, so firm profits are equal to revenue minus advertising
costs:
p⎞
⎛
Π 4 ( p ) = p ⎜1 − ⎟ −
h⎠
⎝

p
h

∫

p
p+h

⎛p
⎞
⎜ − h ⎟dx
⎝x
⎠

This simplifies to
⎛
p ⎞⎞
⎛
Π 4 ( p ) = p⎜⎜1 − ln⎜1 + ⎟ ⎟⎟
h ⎠⎠
⎝
⎝
Solving the first-order conditions, we find this function is at a maximum when the price
is equal to
⎞
⎛
1
p 4* = ⎜⎜
− 1⎟⎟h
⎝ LambertW (1) ⎠
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If we define

α≡

1
−1
LambertW (1)

p 4*
1
αh
= 1−
=
Then p = αh and coverage is 1 − *
, as required. ■
αh + h 1 + α
p4 + h
*
4

