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Summary of essays

This thesis consists of two parts. The first part includes two papers that deal with
the Swedish pharmaceutical market, and one paper that looks at strategic incentives
that arise in optimal treatment involving untried drugs. The second part, consisting
of two papers, examines some implications of altruism.

1. Pharmaceutical pricing in a regulated market.

The first essay compares pharmaceutical pricing in the price regulated Swedish
market with pricing in the US market, where no such regulation exists. We consider
all New Chemical Entities (NCEs) introduced in Sweden between the years 1987 and
1997 and compare our results with the findings of a previous study performed on
US data (see Lu and Comanor [1998]'). We examine the development of launch
prices (relative to prices of existing substitutes) and price dynamics using the same
explanatory variables as in Lu and Comanor. Specifically, we consider the influence
on pricing of the degree of therapeutic innovation and the presence of similar brand
name pharmaceuticals. Furthermore, in line with Lu and Comanor we also consider
whether generic competition has any effect on pricing. Similar to Lu and Comanor,
we find that the relative introductory prices are positively correlated with the degree
of therapeutic innovation. The average relative launch prices are, however, higher in
Sweden. Contrary to the findings on the US market, real prices for NCEs fall sub-
stantially over time for all classes of therapeutic innovation. Moreover, unlike Lu and
Comanor, we find no eflect of brand substitutes or from generic competition on either
introduction prices or price dynamics. We conclude that the price regulation effec-
tively inhibits the use of penetration strategies, and that price competition between
pharmaceuticals is less pronounced in Sweden than in the US.

II. Innovativeness and market shares in the pharmaceutical industry.

In the second essay, we use the same NCE data to examine the extent to which
newly introduced pharmaceuticals gain market shares in Sweden. We assume that
new pharmaceuticals differ from existing products in two dimensions. The first di-
mension represents the pharmaceutical’s (medical) efficacy. The second dimension
represents other relevant characteristics that the consumer values, e.g., the extent

Lu, Z. J., and W. S. Comanor [1998] "Strategic Pricing of New Pharmaceuticals’, Review of
Economics and Statistics, 80 (1), 108-118.
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Summary of essays

and nature of side effects or the administration form. Hence, the former dimen-
sion is a general quality aspect over which consumers have homogeneous preferences,
whereas the latter represents specific quality aspects over which consumers have het-
erogeneous preferences. We therefore employ a simplified model of horizontal and
vertical product differentiation as a tool to derive the main implications these as-
sumptions entail. We use the degree of therapeutic innovation as a proxy for medical
quality, or efficacy. The extent of brand substitutes is assumed to reflect the hori-
zontal dimension in the market. The empirical findings correspond to the predictions
of the theoretical model. In particular, we find that vertically differentiated phar-
maceuticals gain larger market shares on average and command higher prices than
horizontally differentiated pharmaceuticals. Moreover, as a general rule competing
substitutes have less influence on the former than on the latter.

ITI1. A simple model of strategic experimentation.

The third essay also relates to health markets, in a somewhat more abstract formu-
lation. We consider a simple model of strategic interaction in which two individuals
acting under uncertainty must learn about a payoff relevant parameter. Specifically,
we assume that the individuals are physicians who may invest in knowledge about the
efficacy of an unknown treatment (e.g., a pharmaceutical drug). Two treatments are
available, both of which produce binary outcomes of either success or failure. One of
the treatments has a known success rate and represents an established drug, whereas
the other is a new treatment with unknown probability of success. At the outset, both
physicians have identical prior assessments of the new (unknown) treatment’s success
rate. Only by prescribing the treatment will the physicians gain information about
its characteristics. In each of two periods, the physicians allocate the treatments to
their patients. The problem consists of choosing whether to prescribe the new or the
established treatment at an early stage. If the physicians prescribe the new treat-
ment, they will gain information that can be used to treat subsequent patients more
effectively. On the other hand, prescribing the new treatment also involves a gamble.
Therefore, the physicians face a trade-off whether to sacrifice payoff at an early stage
for increased future payofi.

This paper considers two information scenarios. In the first, we suppose that the
physicians cannot observe each other’s prescription choices. The problem is then a
simple variant of the one-armed bandit problem, extensively discussed in the statistics
literature (see e.g., Gittins [1989]%). In the other scenario, we suppose that they can
observe the result of each other’s treatments as well as their own. This assumption
introduces a possibility for the physicians to learn about the new treatment without
having to administer it to their own patients.

2Cittins, J. C. [1989] Multi-armed bandit allocation indices, Wiley, Chichester.
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In the pure equilibria for the interesting parameter values, one of the physicians
prescribes the new treatment at an early stage, and the other prescribes the estab-
lished treatment. This outcome also produces the highest combined expected payoff.
However, strong free riding effects are likely to arise since the physicians both prefer
to let the other prescribe the new treatment: it is better to play safe and use the
established treatment, while gaining the freely available information generated by
the other physician’s experimentation with the new treatment. Therefore, failure to
coordinate the experimentation activity between the physicians is likely to lead to
an out-of-equilibrium outcome in which none of the physicians prescribes the new
treatment. In this case, no new information is gained about the new treatment, and
this outcome is the worst in terms of expected payofis.

IV. Altruism as a cause of insurance market failure.

This essay examines the behavior on insurance markets when individuals have
altruistic concerns for others’ welfare. We consider a large population of equally
altruistic individuals who all run a risk of losing their health with some exogenous
probability. Against a premium, the individuals can obtain insurance which fully
restores their health. Due to the altruistic preferences, the individuals may consider
transferring funds to those who are in worse health states than themselves. This
potentially has distorting eflects on the individuals’ decisions to purchase insurance:
it is now possible to forego insurance and exploit the good will of others if an adverse
health outcome arises. When only a few individuals interact, the presence of altruism
can potentially lead to severe savings and insurance distortions. In contrast to most
of the previous literature, we consider how altruism may create incentives to forego
insurance when there is a large number of individuals. In addition to the free riding
effects that arise when receivers exploit the donors, free riding may now arise where
donors exploit other donors. Voluntary donations are a public good, and therefore
risk being under-provided in equilibrium. That is, each individual may consider their
personal contribution to be so marginal in relation to the total that giving seems
superfluous. Consequently, there is a possibility that no one makes any donations in
equilibrium.

We find, however, that there will be a positive total donation even when the
population size approaches infinity. In the case where all the individuals have the
same probability of falling ill; we find that even moderate levels of altruism can cause
complete market failure. In that case, no individual purchases insurance and those
who remain healthy will help those who fall ill. However, it is simultaneously an
equilibrium that all individuals purchase insurance and that no transfers are made.
When we introduce some heterogeneity between the individuals, this result is modified
and altruism must now be rather substantial to cause any severe distortions on the

xiii
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insurance market.

We also consider how altruism relates to the information structure that prevails
between the insurance providers and the individuals who purchase insurance. In the
absence of altruism, asymmetric information about the risk of falling ill may give
rise to well-known adverse selection effects when individuals with low health risks
to prefer not to insure. A natural question is then whether altruism reinforces or
counteracts these effects. We find that altruism strengthens the adverse selection
effects and thus causes more individuals to forego insurance.

V. Non-reciprocal altruism in dictator games.

This essay also looks at behavior consistent with preferences for others’ utility.
We consider how subjects allocate funds between others and themselves in an ex-
perimental setting. In particular, we let subjects play a dictator game in which one
individual divides a sum of money between himself and a recipient who must accept
this allocation. The standard game theoretic prediction of the outcome in this game
is that the dictator keeps the money and shares nothing with the recipient. Since de-
viations from this outcome have been observed in numerous experiments, it has been
suggested that the standard assumption of (solely) payoff maximizing individuals is
misguided. Instead, individuals are assumed to have altruistic preferences, or a taste
for fairness. This explanation has, however, also met with some dispute. The reason
why individuals make positive contributions, it is argued, is that they expect others
to reciprocate in future interactions. This argument is found in e.g., Hoffman et al.
[1996]® who hypothesized that increasing social distance would lead to decreasing
donations, where social distance is a measure of anonymity between subjects (and
the experimenter).

In this essay, we test this hypothesis with a large degree of social distance, ran-
domly drawing the recipients from the general Swedish population. They are un-
aware that they participate in the experiment. This design removes any remaining
reciprocity from the double blind procedure used by Hoffman et al. In line with their
hypothesis, we should therefore expect the average donation to decrease to zero. We
contrast this design with a replication of the standard double blind procedure used
in Hoffman et al., and test the null hypothesis that the donation distributions do
not differ in the two experimental treatments. We found that subjects made posi-
tive donations in both designs. Although the average donation was slightly lower in
the standard double blind design, we could not reject the null hypothesis that the
two treatments produced the same donations. This result was interpreted in favor of
individuals having altruistic concerns.

*Hoffman, E., McCabe, K., and V. Smith [1996] ”Social distance and other-regarding hehavior
in dictator games”, American Economic Review 86, 653-660).
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Pharmaceutical pricing in a regulated market

MATS EKELUND AND BJORN PERSSON*
STOCKHOLM ScHOOL OF EcoNOMICS

ABSTRACT. We compare how new pharmaceuticals are priced in the price
regulated Swedish market with the pricing of new pharmaceuticals in the US
market, as studied by Lu and Comanor [1998] . We collect a data set consisting
of all New Chemical Entities (NCEs) launched in Sweden between 1987 and
1997, and test the same models as Lu and Comanor [1998]. In line with their
results, we find that introductory prices depend on the degree of therapeutic
innovation. The average relative launch prices are, however, higher in Sweden.

Further, contrary to the results from the US market, Swedish real prices
for NCEs fall substantially over time for all classes of therapeutic innovation.
Also contrary to the findings of Lu and Comanor [1998] we find no effect of the
presence of branded substitutes on either introduction prices or price dynamics.
Our results indicate that the price regulation discourages the use of penetration
strategies and decreases price competition between brand name drugs.

1. INTRODUCTION

The rapid increase in pharmaceutical expenditures in many countries (see e.g. Abbott
[1995] and Besley and Gouveia [1994]), has generated much interest in the pricing
of pharmaceuticals. It is sometimes argued that the presence of patent protection
and third-party financing could lead to excessive prices, and therefore many nations
have some form of expenditure regulation. One example is price caps, which are
currently gaining in popularity with regulatory agencies and government institutions.
However, the use of price caps as a means to curb pharmaceutical expenditures is the
subject of some controversy. Opponents of price (cap) regulation argue that this may
adversely affect incentives to develop new and better products, since producers are
not adequately reimbursed for the massive investments needed to bring new drugs to
the market. This standpoint is taken by many in the United States where no such
regulation exists, (see e.g. Danzon [1997]). It has also been maintained that price caps
are not even eflective in curbing pharmaceutical outlays (Abbott [1995] and Danzon
and Chao [2000]).

*We thank Magnus Johannesson for his advice and comments. We have also benefited from
comments and discussions with Tore Ellingsen, Ulf Gerdtham, and Bengt Jonsson.



Pharmaceutical pricing in a regulated market

In order to evaluate the effects of price regulations and to resolve the controversies
surrounding pharmaceutical prices, we believe that further empirical work is desirable.
In this paper, we take a step in this direction, performing a basic comparison of
pricing patterns in a market with regulated prices with a market where prices are not
regulated. More specifically, we consider how the pricing strategies of pharmaceuticals
in Sweden relate to the pharmaceutical pricing in the US market using identical
explanatory variables.

There have been a number of empirical studies on the pricing of new patented
drugs in the US market. Reekie [1978], in a seminal study, examined the introductory
prices of new chemical entities (NCEs) launched in the US between 1958 and 1975. He
found that the introductory price (relative to existing substitutes) depended on the
degree of therapeutic advance, i.e. the price premium was larger for drugs offering
important therapeutic gains compared to drugs offering minor therapeutic gains.
Reekie [1978] also found that prices tended to increase faster for drugs introduced at
lower prices compared to drugs with higher launch prices.

The pricing pattern observed by Reekie is consistent with the observation made
by Dean [1969], who distinguished between two pricing strategies for new products:
skimming and penetration. A skimming strategy involves setting a relatively high in-
troductory price to skim off the highest willingness to pay, and then lowering the price.
Penetration is the opposite strategy: lower introductory prices followed by increased
prices as demand picks up. Dean [1969] argued that skimming strategies are more
often used for products offering major advantages over existing products, and that
penetration strategies are used for products that offer only marginal improvements
over existing products.

Recently, Lu and Comanor [1998] (henceforth LC) performed a study of 144 NCEs
introduced in the US between 1977 and 1987.1 The principal motive of their paper
was to explore and quantify the demand side determinants for NCE prices. In their
view, therapeutic value and market structure are the main explanatory variables for
NCE pricing. This is in contrast to the more established supply side arguments often
used in the debate over pharmaceutical prices.

LC classified the new pharmaceuticals into three different classes of therapeu-
tic gain, depending on whether the drugs represented a major, a minor, or no im-
provement over existing drugs. Introductory prices for drugs representing important
therapeutic gains were on average about three times higher than those for existing
substitutes, whereas new drugs that offered little therapeutic gains were launched at
about the same price as existing substitutes. The real prices for drugs representing
important therapeutic gains were relatively stable over time. However, for drugs rep-

'n their study, the term New Molecular Entities (NME) is used.
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resenting small improvements-the real prices increased substantially. These results are
thus consistent with Dean’s [1969] observation of skimming and penetration strate-
gies. LC also found that the presence of branded substitutes had a clear negative
effect on both introductory prices and price changes over time.

LC concluded that competitive forces play an important role in the US phar-
maceutical market, and hypothesized that an introduction of price regulations may
discourage penetration strategies.

The purpose of the present study is to compare the outcome in a (price) regulated
market with the results in the US market by performing the same tests as in LC. To
do so, we examine a data set consisting of all NCEs launched in Sweden between
1987 and 1997, and estimate the same models as in LC. In line with their results, we
find that introductory prices reflect the degree of therapeutic innovation. Contrary
to the results in the US market, the real prices for NCEs fall substantially on average
over time for all classes of therapeutic gain, so the price cap regulation rules out
the use of penetration strategies. More interestingly, we find no evidence of branded
substitutes having any effect on either introductory prices or price dynamics. It
therefore appears that price competition between pharmaceutical brands is indeed
less pronounced under price cap regulation.

The remainder of this paper is structured as follows. We first give a brief descrip-
tion of the pharmaceutical market in Sweden. Then we informally discuss some of
the hypotheses that the regulatory constraint provides and put these in relation to
the findings in LLC. We continue with a description of the estimated models and the
data, then with a presentation of the results. The final section offers a concluding
discussion.

2. THE PHARMACEUTICAL MARKET IN SWEDEN
In Sweden, a substantial fraction of the pharmaceutical consumption is subsidized
by the government. For pharmaceutical products that are included in the public
insurance program, the state will fully reimburse individual consumption exceeding
some fixed amount per annum.? If pharmaceutical producers wish to have their
products reimbursed through this system, prices must be set by the appropriate gov-
ernment agency. Prior to 1993, prices were determined by the National Corporation
of Swedish Pharmacies (NCSP) after negotiations with the producers. The NCSP is
government-owned and monopolizes the retailing of all pharmaceuticals in Sweden.
When the NCSP was in charge of the price negotiations, firms were not allowed to
sell their products until the prices were agreed upon. If the NCSP and a firm were

ZPresently, this amount is SEK 1800 (approx. USD 180). Althongh the co-pavment schedule
has changed somewhat over the time for our sample (1987-1997). Lhe state financed part has always
been large.
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unable to reach an agreement about the price, the firm could apply to engage the
Medical Products Agency (MPA)? as a mediator. In 1993, the National Social In-
surance Board (NSIB) replaced the NCSP as the government agency responsible for
administering the drug benefit scheme. Since that time, participation in the public
insurance program has been optional, so producers are allowed to market their drugs
outside the program and set prices freely. However, since consumption outside the
benefit program must be financed completely out-of-pocket, producers have rarely ex-
ercised this option. The objective of the NSIB is to determine pharmaceutical prices
so as to:

e ensure a consistently high level of public health;

e ensure that a sufficient range of pharmaceutical products are available at rea-
sonable prices;

e support an efficient production of pharmaceuticals;

e encourage the research and development of new pharmaceuticals.*

Furthermore, when setting the launch price for a new product, the regulating
agency should consider the medical merits and the health economic value of the prod-
uct, the price in comparable countries,” and the price (and reimbursement cost) for
related treatments (pharmaceutical or other). The health economic value represents
the societal benefit the new drug brings in terms of savings for the total reimburse-
ment bill (e.g.. through effects on other products comprised in the benefit schedule),
savings on social insurance due to reduced sick leave, health care savings in the form
of a reduced number of physician visits, and also savings due to a reduced amount of
care outside the direct health care sector (e.g. home care).

The manufacturer is responsible for providing the regulating agency with the
relevant information about the drug.® This information should also contain, apart
from the above, forecasts of sales in Sweden the first two years after launch, and
predicted sales at a steady state level.

Once an introductory price has been set, it cannot be raised within the two first
vears after launch. Thereafter, applications for price increases for the whole product
line, but not individual products, are considered once per year. As a general rule,

37"he MPA is roughly the Swedish equivalent of the FDA in the US.

4These points are in accordance with the 1990 Transparency Directive of the European Union.

5Most notably other northern European countries.

6The regulating agency has no means of conducting investigations of its own, but must rely on
the information supplied by the applicant or outside sources.
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the producer may increase prices within some specified margin and is granted some
leeway for individual products in the basket. For instance, price increases on certain
products may be allowed if the producer lowers prices on other products in the basket.

Since 1993, the reference pricing system has been used in Sweden. This system
applies when the patents for brand name pharmaceuticals have expired and there are
generic substances in the market. If generic alternatives are available, the reimburse-
ment scheme allows full coverage for products that cost no more than 1.1 times the
lowest priced generic pharmaceutical. If consumers want brand drugs priced above
this level, they have to pay the differential out-of-pocket.

3. PRELIMINARY DISCUSSION

3.1. The US and Swedish markets. LC argue that demand factors explain
well the determinants for NCE prices in the US, and their findings are in line with
what standard economic theory predicts. In particular, they find that therapeutic
advantage has a positive effect on relative launch prices since willingness to pay
increases in quality. Also, pharmaceuticals that are mainly intended for chronic
conditions command on average lower relative launch prices than drugs primarily
intended for acute conditions. Moreover, the former display a pattern of increasing
prices over time, so there is evidence that penetration pricing is being used for chronic
drugs. This is expected since chronic drugs are to a large extent repeat purchase items,
and the appropriate strategy for pricing such goods is by a penetration scheme: low
initial prices in order to attract a consumer base whose loyalty can be exploited when
the producer increases prices later.

Furthermore, LC find substantial evidence that the presence of brand name substi-
tutes has a negative eflect on relative introduction prices. This is also expected: even
though brand name products are all patented they may still have similar therapeutic
properties and functions. Therefore, prescribing physicians have more products to
choose from in treating a given condition.

Finally, LC find that on average the presence of generic competition among the
brand name substitutes has a posilive effect on relative launch prices for NCEs. LC
report conflicting evidence on the effect of generic entrv on NCE prices from earlier
studies, i.e. Caves et al. [1991], Frank and Salkever [1993] , and Grabowski and Ver-
non [1992]. One explanation for the positive price effects offered both in Frank and
Salkever [1995] and in LC, is that it may be more profitable for a brand name producer
to focus on satisfying the inelastic segment of demand when generic drugs enter the
market. In this instance, other brand name producers may follow suit and increase
their prices too. In short, LC conclude that the demand factor variables they con-
sider explain both launch prices and price dynamics in the American pharmaceutical
market.
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We expect some of the effects that LC describe to be present also in the Swedish
data. However, given the broad regulatory policy objectives stated above, it is not
obvious how the two markets compare given the same explanatory variables. For
example, the price regulation in Sweden makes it difficult for firms to raise the price
of one of their products without simultaneously lowering prices on other products.
Consequently, we do not expect to observe penetration strategies. Instead, we are
more likely to observe constant or falling real prices over the whole range of NCEs in
the sample, although it is conceivable that the prices of less therapeutically advanced
drugs fall less than those of more innovative drugs.

As far as launch prices are concerned, it is reasonable to expect that therapeu-
tically advanced drugs are rewarded with premia by the regulator as compensation
for high R&D outlays. Although the regulator could argue that, given that these
costs are sunk, it would be rational to offer the producer marginal cost coverage only.
Such behavior, however, is not in line with the regulator’s objective to ”"encourage
the research and development of new pharmaceuticals”. Also, producers would be
hesitant to supply the Swedish market with their products in case they were not suf-
ficiently compensated.” Hence, we expect similar patterns as in LC. However, we do
not expect any major differences between drugs intended for acute and chronic drugs
since penetration pricing is not really an option for the producers.

LC argue that the market structure, or, more specifically, the nature of competi-
tion, is a strong candidate in explaining both launch prices and price dynamics. In
particular, the existence of more branded substitutes has depressing effects on NCE
launch prices. In the regulated environment, however, the market structure may not
reflect price setting to the same extent so the relationship between prices and the
number of substitutes is less clear-cut. On the one hand, the presence of branded
substitutes provides the regulator with more bargaining power to keep prices low by
exercising 7 vardstick regulation”. On the other hand, in the interest of the public
health the regulating agency has a commitment to ensure the availability of a variety
of horizontally differentiated products. For any given level of demand, each prod-
uct then risks obtaining a smaller market share so the regulator compensates them
by allowing higher prices. Consequently, the strong connection between NCE prices
and brand substitutes observed in the American data may be less pronounced in the
Swedish data.

As mentioned above, there is mixed empirical evidence of the relation between

"It can be said that the Swedish market is very small in an international perspective so given
the sunk costs, any price above marginal cost should be accepted by the producers. However, there
are additional costs associated with the marketing of a new drug, e.g. training of pharmaceutical
consultants, promotion campaigns, etc. Therefore, the option of not supplying the drug may be
seriously weighed.
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prices on new pharmaceuticals and the presence of generic competition among the
branded substitutes. Here, we have no reason to believe that the presence of generics
among the brand name substitutes should affect the NCE prices in any systematic
way. The ambiguous effects from branded competition are expected to be present
here also. Furthermore, brand name substitutes with generic competitors tend to be
older drugs located further away from the NCE in product space than newer brands
without generic competition. Therefore we expect a very weak link between NCE
prices and generic competition in our sample.

4. EMPIRICAL ANALYSIS
4.1. Equations and variables. We now proceed with the estimation of the LC
model on the Swedish data. We consider the following two models:

(U]

(1) LWRIS =g+ 1A+ asB + a3 ACUTE + cy LNS + as { ng } +

and:

(2)  LRATIO = fy+ BiA+ 5B+ BACUTE + B.DALP +

GDBLP + +3DCLP + 3LNS + fa { fcis } L5

where:

e LW RIS denotes the logarithm of the ratio of the launch price of an NCE to
the weighted average price of existing brand name substitutes;

o LRATIO is the logarithm of the ratio of the real price (CPI deflated) of a new
drug four years after launch to its real introductory price;

e A and B are dummy variables that take the value 1 if an NCE is A(B) classified
and zero otherwise;

o ACUTE indicates whether an NCE is used primarily for an acute condition;

e LNS denotes the logarithm of 1 plus the number of existing brand name sub-
stitutes at the time of launch;
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e D( indicates whether an NCE had generic competition among its brand name
substitutes at the time of launch;

e LG denotes the logarithm of 1 plus the percentage of substitutes that had
generic rivals at the time of launch;

e B(G indicates whether or not an NCE has a generic rival four years after launch,
when there was none at launch;

o LGS is the logarithm of the ratio of the percentage of brand name substitutes
that had a generic rival after four years to the same percentage at the time of
NCE launch, (expressed as whole numbers plus 1);

e DALP, DBLP, and DCLP are interactive variables equaling the product of
LW RIS and the variables indicating whether the NCE is classified as A, B, or
C, respectively.

These models are in effect identical to the ones estimated in LC, and therefore
provides a framework for comparing the results in the two different markets.

4.2. The data. The data we use consist of all NCEs approved by the Medical
Products Agency (MPA) in Sweden between 1987 and 1997. In total the MPA ap-
proved 335 NCEs in this time period. Of these NCEs, we excluded 89 from the
present analysis either because they were never marketed in Sweden, or because a
price had not yet been set on the NCE at the time of this analysis. Our data set thus
includes a total of 246 NCEs.

No official rating of therapeutic advance is available for pharmaceuticals in Swe-
den. As a part of this research project, a rating was carried out by pharmacologists
connected to the MPA, (see Beermann and Rosén [1999]). Beermann and Rosén
had access to all relevant NCE information from the MPA and collaborated with the
agency to determine the rating. The purpose was to provide a rating of the thera-
peutic advance for all NCEs approved between 1987 and 1997, according to how the
NCE was judged by the MPA at the time of approval. They classified the NCEs
according to the FDA rating system that was used also in the study by LC. These
classes are:

e A- Important therapeutic gain: Drug may provide effective therapy (by virtue
of greatly increased efficacy or safety) for a disease not adequately treated or
diagnosed by any marketed drug, or provide markedly improved treatment of a
disease through improved efficacy or safety (including decreased abuse poten-
tial),
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e B- Modest therapeutic gain: Drug has a modest but real advantage over
other available marketed drugs; for example, somewhat greater effectiveness,
decreased adverse reactions, more convenient route of administration, etc., and

o (- Little or no therapeutic gain: Essentially duplicates in medical importance
and therapy for one or more existing drugs.

In addition to rating the new NCEs according to therapeutic advance Beermann
and Rosén [1999] also classified the drugs according to type; that is, whether a drug
was indicated primarily for treatment of acute illnesses or chronic conditions.

Beermann and Rosén used the WHO Anatomic Therapeutic Classification (ATC)
system to define substitute drugs (ATC Index with DDDs (Defined Daily Dosage),
[1997]). The ATC system is divided into 14 anatomical groups (e.g. Heart and Circu-
lation). Each anatomical group is divided into main therapeutic groups, and then into
therapeutic subgroups that are further divided into chemical/therapeutic subgroups
(e.g. HMG-Co A reductase inhibitors). The chemical/therapeutic subgroups are fi-
nally divided into groups according to chemical substance. For example, a chemical
substance is the cholesterol lowering drug Simvastatin that belongs to the HMG-CoA
reductase inhibitors chemical /therapeutic subgroup.

Je defined close substitutes as drugs in the same chemical/therapeutic subgroup
that share the same indication.

This is similar to the definition used by LC, and for most of the new NCEs
substitutes were defined in this way. In the event that an NCE did not have any
substitute in the same chemical drug class, the substitute was defined as the drug that
was most commonly prescribed for that indication in the year before the introduction
of the NCE.

For Class A drugs it is often difficult to define substitute drugs, since many of these
compounds are intended for indications not previously treated by any marketed drug
(see the above definition of class A drugs). In the ranking of therapeutic advance
according to the FDA classification scheme, Beermann and Rosén [1999] therefore
divided the class A drugs into:

(7) drugs that lacked a substitute drug at the time of introduction (drugs for
indications not previously treated by drugs), and

(#4) drugs with substitute drugs at the time of introduction (drugs providing
markedly improved efficacy or safety over existing drugs).

Out of the total 246 NCEs in this study, there were a total of 8 class A drugs with
substitutes and there were 28 class A drugs without substitutes. Naturally, the drugs
without substitutes could not be included in the analysis of relative introductory
prices since their relative prices could not be defined.



Pharmaceutical pricing in a regulated market

In order to estimate relative prices between NCEs and substitutes comparable
dosages need to be defined. For this purpose we used the Defined Daily Doses (DDD)
system recommended by the WHO for studies of drug use (ATC Index with DDDs).
A DDD is defined as the average daily dose of a drug used by an adult for treatment
of the main medical indication of the drug. Official DDDs were available for about
two-thirds of the drugs in our sample and were used in these cases. For the remaining
drugs daily dosages were based on the recommended average daily dosages in FASS
(Pharmaceutical Specialities in Sweden), a widely used medical reference book that
contains instructions/recommendations on the appropriate use of all drugs in Swe-
den. When recommendations regarding dosages were not sufficiently specific or not
available in FASS, we consulted clinical pharmacologists (Beermann and Rosén) for
the appropriate daily dosages. When doses were given in amount per square meter
(e.g. for creams and lotions) or amount per kg body weight, the daily doses were
based on one square meter and 70 kg, respectively.

Some pharmaceuticals are available in more than one form of administration. For
example, the same drug can be taken as a pill or a fluid. As a rule we calculate
the price for tablets when these were available. If there was no tablet, we chose the
administration form of the package containing the largest number of daily dosages.

We based all prices on the official retail prices of drugs in Sweden.® These prices
are set once a year and are reported in FASS. We estimated a price per daily dose
for all NCEs and all substitute drugs. We estimated the average price for existing
substitutes as the weighted average of the price of all substitutes, with the market
shares in the year before the introduction of the NCE as weights. We collected data
on substitute quantities from SDM (Swedish Drug Market (1987-1997), a database
containing the quantities of all drugs sold on the Swedish market graciously provided
by the Swedish Association of the Pharmaceutical Industry. We then adjusted all
prices to 1997 prices using the official consumer price index produced by the Statistical
Yearbook of Sweden [1999].

$In Sweden the price is independent of the buyer (which is not the case in e.g. the US).
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5. RESULTS

5.1. Summary statistics. Table 1 summarizes some statistics on relative intro-
ductory prices for 218 NCEs introduced between 1987 and 1997 (excluding the 28 A
class drugs without substitutes).

Table 1. Relative Introdutory Prices

Class Relative Introductory Price Substitutes®
N  Median Mean Std Range I 11

A

Acute 3 1.43 1.59 056 1.10—2.55 1 0

Chronic 3 10.97 940 488 3.93-—13.30 1 0

Combined 8 2.04 4.52 483 1.10—13.30 1 0

B

Acute 30 1.64 3.75 496 0.17-—19.28 4.11 0.03

Chronic 42 2.55 3.92 477 009-20.32 380 0.17
Combined 72 2.25 3.8 485 0.09-—-2032 393 O0.11

C

Acute 63 1.26 2.16 309 004-16.70 440 012
Chronic 1) 1.13 218 354 0.12-2617 449 0.18
Combined 138 1.16 2.17 333 004-—26.17 445 0.15

“)Subheadiugs 1 and II denote the average number of branded substitutes, and the fraction of
substitutes with generic competition, respectively.

On average, relative launch prices increase with the degree of innovation. The
average relative launch price is 2.2 for C' drugs, 3.9 for B drugs and 4.5 for A drugs.
The median relative launch prices are substantially lower than the mean, indicating
that prices are highly skewed with a few relatively high priced NCEs. The median
relative launch prices reveal patterns similar to the average prices, however. The only
exception is that the median launch price decreases somewhat for A drugs compared
to B drugs. This result should be interpreted with some care given that there are
only eight A drugs (with substitutes) in the sample. For drugs in classes B and C, the
average relative launch prices are about the same for acute and chronic drugs. For A
drugs the relative launch prices are lower for acute drugs than for chronic drugs, but
again this comparison is highly limited by the small number of A drugs.

The number of branded substitutes at introduction decreases with the degree of
therapeutic innovation. The average number of branded substitutes at introduction
is 1 for A drugs, 3.7 for B drugs and 4.5 for C drugs. The fraction of branded
substitutes with generic competition at introduction of the NCE also decreases with

11
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the degree of therapeutic innovation. For A drugs, none of the branded substitutes
face generic competition whereas 15 percent of the branded substitutes for C' drugs
face generic competition.

In Table 2 we show some summary statistics about the inflation adjusted change
in the price of NCEs four years after introduction. This comparison includes all the
NCEs in our database with a follow-up time of at least four years (N=149).

Table 2: Ratios of Inflation Adjusted Prices 4 Years after Introduction

Class Ratios of Inflation Adjusted Prices 4 Years after Introduction  Substitutes®)
N Median Mean Std Range I II
A
Acute 16 0.78 0.83 0.28 0.52 — 1.65 0.31 0
Chronic 12 0.75 0.73 0.12 0.44 —0.91 1.57 0
Combined 28 0.77 078 0.21 0.44 — 1.65 0.90 0
B
Acute 20 0.93 0.90 0.33 0.34 — 2.05 2.7 010
Chronic 26 0.82 084 0.13 0.64 — 1.10 246  0.12
Combined 46 0.86 0.836 0.24 0.34 - 2.05 2.60 0.11
C
Acute 42 0.89 0.89 0.29 0.40 — 2,51 4.58 0.13
Chronic 33 0.79 081 0.10 0.64—1.07 403 0.14
Combined 75 0.84 0.85 0.23 0.40 — 2.51 4.33 0.14

a)Subheadings 1 and 1l denote the average number of branded substitutes, and the fraction of
substitutes wilth generic competition, respectively.

The average real price decreases over time for all classes of drugs: for A drugs the
average real price decline is 22 percent, for B drugs it is 14 percent, and for C' drugs
the average real price decline is 15 percent. There is thus a tendency for a larger
price decline for A drugs compared to B and C drugs. There is also a tendency for
a greater decline in prices for chronic drugs compared to acute drugs. The range of
price changes for the individual drugs is wide, with some drugs more than doubling
in price and some decreasing to a third of the introductory price.

12
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5.2. Regression results. Table 3 shows the regression results of the determi-
nants of relative introductory prices (Equation 1).

Table 3: Regression Analysis of Determinants of Relative Introductory Prices

Variable  Regression

Equations®
Constant  0.485*"*  0.486***  0.486***
(2.895) (2.836) (2.889)
A 0.920**  0.920**  0.921*
(2.446) (2.483) (2.442)
B 0.463***  0.463***  0.462***
(2.938) (2.980) (2.978)
Acute —-0.197 —-0.197 —0.200
(~1.371)  {-1.351)  (—1.375)
LNS —-0.124  —-0.124 —-0.119
(—-1.230)  (—1.138)  (—1.125)
DG 0.004
(0.019)
LG —-0.077
(—0.153)
N 218 218 218
R2 0.082 0.083 0.083
R2ADJ 0.065 0.061 0.061
I’ 4.794** 3817 3.822*%

@)Numbers in parentheses are t-values. *Significance at the 10 % level. **Significance at the 5 %
o5 1 p g
level. ***Significance at the 1 % level.

The variable for class A drugs is statistically significant at the 3 percent level and
the variable for class B drugs is significant at the 1 percent level. Moreover, both
have the expected signs. This strongly suggests that A and B drugs are launched at
higher relative prices than C' drugs. The coefficient for A drugs is also, as expected,
higher than for B drugs, but this difference between A and B drugs is not significant.
The variable for acute drugs is negative but not significant. The variable for the
number of branded substitutes is also negative and insignificant. The extent of generic
competition on the market does not show a significant effect either. The explanatory
power of the regression equations for introductory prices is low with an R-square
value of 8 percent.

13
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Table 4 reports the results for the determinants of the real price change four years
after introduction.

Table 4: Regression Analysis of Rates of Change of Real Prices

Variable Determinants of Real Price Changes®
Constant  —0.202*** —0.203*** -0.201*** —0.175"** —0.174*** —0.168"**
(—4.813) (—4.811) (~4.782)  (~3.039) (—3.000) (—2.900)
A —0.138***  —0.138*** —0.140*** —0.126 —0.130 —0.137
(~2.624) (—2.625) (—2.671) (—0.855) (-0.880) (—0.934)
B 0.032 0.033 0.031 0.003 0.004 0.005
(0.726) (0.750) (0.722) (0.040) (0.050) (0.059)
Acute 0.069* 0.068~ 0.064* 0.076* 0.077* 0.075*
(1.856) (1.840) (1.739) (1.932) (1.943) (1.900)
DALP —0.008 —0.008 —0.008
(—0.330) (~0.320) (~0.314)
DBLP —0.001 -0.001 —0.003
(-0.039) (—0.081) (-0.196)
CDLP —0.009 —0.009 —0.010
(~0.762) (~0.761) (-0.871)
LNS -0.020 —0.016 —0.011 —0.008 -0.014 —0.010
(-0.872) (-0.621) (—0.476) (~0.090) (~0.539) (—0.395)
BG -0.023 —0.032
(—0.356) (~0.468)
LGS —0.280 —0.313
(=1.175) (-1.280)
N 128 128 128 149 149 149
R2 0.093 0.096 0.104 0.094 0.095 0.104
R2ADJ 0.064 0.059 0.067 0.049 0.043 0.053
F 3567 2.862%* 3.138*** 2.089** 1.845* 2.041*

9 Numbers in parentleses are i-values. *Significance at the 10 % level. **Significance at the 5 %
level. ***Significance at the 1 % level.
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We estimated the equations both with and without the interaction terms between
relative introduction prices and the drug classification. The reason for this is that we
may include the A class drugs that had no substitute drug at the time of introduction.

The variable for class A drugs is negative and highly significant, whereas the
variable for class B drugs is positive but insignificant. This indicates that prices
for A drugs decline faster over time than prices for B and C drugs, but that there
is no significant difference between B and C drugs. The variable for acute drugs
has a positive coefficient, but fails to be significant at the 5 percent level. The
variables for generic competition and brand name competition have no significant
effect on the change in prices over time. Likewise, the interaction variables between
drug classification and relative introductory price are insignificant. The explanatory
power of the regression equations is low with an R-square value of about 10 percent.

6. CONCLUDING REMARKS
The main purpose of this paper was to compare NCE pricing outcomes in a regulated
market (Sweden) with those reported from a market without price regulation (US).
In accordance with LC we found that introductory prices depend on the degree of
therapeutic innovation. The patterns were similar in both studies, but the average
relative introductory prices were higher for all classes of drugs in the regulated market.

The inflation-adjusted price change over time differed substantially between the
studies. In the present analysis. real prices declined over time for all classes of drugs.
This result is in contrast to the substantial price increase that was reported for C
drugs in the US.

Compared to the US market, the Swedish market is thus characterized by higher
relative launch prices and falling real prices over time. This pattern of high relative
launch prices and declining real prices over time is in line with what one might
expect from the price cap regulation in Sweden. Although penetration pricing was
not observed for any of the classes of drugs, there was a small tendency for the prices
of class A drugs to fall more than the prices of class B and class C drugs. This was
the only similarity with the US market in pricing patterns over time.

Contrary to the results in LC there was also a tendency for real prices of acute
drugs to fall less over time than those of chronic drugs. LC also found that branded
substitutes had a substantial negative effect on both introductory prices and price
changes over time, and that the extent of generic competition tended to increase the
relative launch prices. We found no significant effect of the number of substitutes,
branded or generic, neither on the relative launch prices nor on the price changes over
time.

We note that the NCE samples used in the Swedish and American studies are
taken in different time periods. The samples are roughly of the same length but the
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present sample starts some ten years after the one used in LC. This discrepancy may
have some effect on the validity of the comparison.

The differences in price behavior between the US and the Swedish markets suggest
that the competitive forces at work in the two regimes are different. Pricing decisions
seem to play a major role in the US, whereas it is difficult to see from the Swedish data
that prices are as important strategic variables in the regulated market. Clearly, price
caps limit the possibilities to use certain pricing strategies which then naturally do not
appear in the Swedish data. It generally appears that some of the pricing constraints
imposed by the regulator offset some disciplinary effects that market forces bring.
The high variance in introductory prices and the lack of price effects from branded
competition in the Swedish market are examples of this.
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Innovativeness and market shares in the pharmaceutical industry

MATS EKELUND AND BJORN PERSSON*
STOCKHOLM SCHOOL OF ECONOMICS

ABSTRACT. We analyze the pharmaceutical market with a model of hor-
izontal and vertical product differentiation. The implications from the model
are tested on data from the Swedish pharmaceutical market. We find that ver-
tically differentiated drugs gain larger market shares, command higher prices,
and are less sensitive to substitutes than drugs that are only horizontally dil-
ferentiated.

1. INTRODUCTION

Pharmaceutical producers are bringing more and more sophisticated drugs to the
market, contributing to the quality of life of millions of patients. This, however,
is occurring at rising cost, as reflected in the shares of national GDPs devoted to
pharmaceutical expenditures. In most countries, there is extensive government in-
volvement in public reimbursement schemes reflecting a concern that pharmaceutical
products be efficiently provided to citizens. The associated price regulations stem-
ming from these schemes are an example of how decision makers try to control the
rising costs caused by increasing consumption of medical drugs. Meanwhile, there is
a general awareness of the trade-off between controlling costs and providing proper
incentives for efficient consumption of drugs on the one hand, and the need to re-
ward medical R&D on the other. Given the welfare gains at stake, it is worthwhile
to explore how incentives for R&D are provided on the pharmaceutical market. In
this paper, we ask how the introduction of new innovative drugs is rewarded through
market shares and prices in the Swedish market.

Earlier research on the economics of the pharmaceutical market has focused mainly
on three topics: behavior at generic entry after patent expiration, pricing policies and
price sensitivity of pharmaceuticals, and the effectiveness of promotion outlays. In
the first category the literature has addressed questions concerning various barriers to
entry, price competition, and factors that determine entry. Examples in this category
are Grabowski and Vernon [1992], Frank and Salkever [1997] on pricing and barriers to
entry, and Scott Morton [1999] on factors that determine generic entry. Reekie [1978]
and Lu and Comanor [1998] analyzed pricing strategies as a function of product

*We thank Magnus Johannesson for his advice and comments. We have also benefited from
comments and discussions with Tore Ellingsen, Ulf Gerdtham, and Bengt. Jonsson.
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innovativeness. Ellison et al. [1997] studied the price sensitivity of generic and
therapeutic substitutes, and Mortimer [1997] considered the influence of insurance on
prescription patterns. The effectiveness and importance of advertising and promotion
was analyzed by Berndt et al. [1995], and earlier by Hurwitz and Caves [1988].

Recent work has offered new perspectives on the pharmaceutical market. For
instance, Berndt et al. [1999] investigated the existence of network effects in the
antiulcer market, and Stern and Trajtenberg [1998] used micro data to study physi-
cians’ prescription behavior. Lichtenberg [1998] studied creative destruction in the
pharmaceutical market, measuring the effect of new drug introductions on the sales
of old drugs. Lichtenberg’s results suggest that the most innovative drugs increase
aggregate sales one-to-one, while less innovative new drugs decrease the sales of old
drugs more than they increase aggregate sales.

Unlike earlier work that was limited to generic pharmaceuticals or particular sub-
markets, this paper considers the direct interplay between innovativeness, prices, and
market shares for new innovative pharmaceuticals in many submarkets. We hope
to shed some light on the most important variables which determine how a new in-
novative pharmaceutical is rewarded in the market. We focus on the differentiation
aspect of the good, a factor which we believe is fundamental for understanding how
new innovative drugs capture market shares. More specifically, we assume that new
innovative drugs are differentiated from each other both in vertical and horizontal
dimensions. Along the vertical dimension, pharmaceuticals differ in their general
medical efficacy, whereas the horizontal dimension measures how the drugs cater to
idiosyncratic tastes or needs. We provide an analysis of this in a model and test its im-
plications on Swedish quarterly data. We consider New Chemical Entities (NCEs) in
55 therapeutic categories with observations ranging over a twelve-year period. Our
main result is that the more innovative and vertically differentiated drugs capture
larger market shares and higher prices compared with the less innovative drugs that
are only horizontally differentiated. The market shares of the vertically differentiated
drugs also seem less sensitive to the number of substitutes. We also conjecture that
more innovative drugs capture larger market shares when consumers are insensitive
to prices. If prices are regulated in such an environment, relative prices must be set
differently in order to maintain the same incentives as in the unregulated setting.

The paper is organized as follows. After a discussion of the pharmaceutical market,
we present an address model of product differentiation in the spirit of Hotelling. We
proceed with a description of the data and an empirical analysis of some of the
implications we derive from the model. Finally, we conclude by summarizing the
main results.
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2. THE PHARMACEUTICAL MARKET
It is sometimes argued that while there is nothing fundamentally unique about the
pharmaceutical market, many features present in other industries are combined and
exaggerated.

At the very heart of the industry is a heavy focus on research and development.
Bringing a new therapeutic drug to the market is a lengthy and costly process: the
average time period between the scientific conception and the marketing of a new
drug is reported to be about ten years in the US, and the associated average cost is
nearly 300 million USD.! The primary reasons are the stochastic nature of new drug
development and the rigorous safety regulations imposed on the industry. For every
new pharmaceutical brought to the market, tens of thousands of molecular structures
have been screened. An overwhelming majority of the candidate compounds will
fail and be discarded on the way, leaving only a tiny subset for further testing first
on animals and then on humans.? Once the required testing is complete, and the
developing firm has a marketable end product, the manufacturer must obtain approval
from the regulatory authorities to start selling the drug. If the drug is approved the
firm usually initiates an intense marketing to boost demand. The pharmaceutical
industry spends, on average, about the same share of its revenues on marketing as
it does on research (Comanor and Schweitzer [1995]). This figure is matched only
in certain markets for sophisticated electronic components. Hence, the industry is
extreme also in this sense.

The demand side is also atypical. The final consumer (the patient) does not usu-
ally choose the specific product, or even treatment. Instead, a better informed agent
(the physician) makes the choice for the consumer. In addition, the physician may
be constrained in her choice of products due to third party payment and other reg-
ulations. The high degree of insurer involvement is particular to the pharmaceutical
market, and to the health industry in general.

Pharmaceuticals are fairly specialized products, and individuals respond idiosyn-
cratically to different drugs. Therefore individual consumers may not agree on the
ranking of a given pharmaceutical in relation to others, although there is consensus
over the general efficacy or therapeutic benefit of the drug. The individual reaction
to a certain brand (e.g. with regard to the nature and intensity of its side effects) is
often hard to predict ex ante. For this reason, pharmaceuticals are, to a high degree,
experience goods whose benefits must be judged after consumption.

It is natural to assume that the process leading to a good match between an in-

1 The Economist [1998], Schweitzer [1997].
20n average, only 1 out of 10 000 molecules that enter the initial screening process is actually
developed into a drug. (The Economist [1998])
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dividual consumer and a drug is perceived as a cost by the patient. Individuals are
adverse to exposing themselves to unwelcome side effects that may result from con-
suming new pharmaceuticals. The consumer (and in some sense also the prescribing
physician) is thought of as making a ”consumption investment” in a given drug which
will increase the differentiation relative to the ex ante.

Therefore we suggest that if an individual has found a good or even acceptable
match, he will be reluctant to try a new drug even if the new drug is expected to be
slightly better. In other words, an individual who switches between brands will incur
an additional cost.

As mentioned above, we have chosen to concentrate on the product differentiation
aspect of pharmaceutical drugs. We contend that therapeutic drugs are well suited
for the traditional story of horizontal and vertical product differentiation. This lit-
erature stems from the seminal contributions of Launhardt and Hotelling and has
been elaborated by numerous others. The basic idea is that pharmaceuticals provide
some degree of therapeutic advantage or general medical efficacy, which constitutes
the vertical component of the products. All individuals (patients and/or physicians)
agree on the ranking of the products in this respect. That is, all individuals prefer
a higher medical efficacy product to a lower efficacy product, all else being equal,
implying that they would choose the former over the latter. In addition, there is a
horizontal dimension representing the individuals’ idiosyncratic tastes for products.
In our framework we assume that various pharmaceuticals may be ranked differently
by individual consumers, even when they have the same medical potency to treat
a certain condition. The reason is that some individuals may experience more se-
vere side effects from certain pharmaceuticals than other individuals, or simply that
they prefer a certain profile of side effects over another. This horizontal component
therefore suggests that they would not necessarily prefer the same drug if prices were
equal.

The market for anti-depressants is a pharmaceutical submarket with both hori-
zontal and vertical product differentiation, and here serves as an example. In this
market, there are two predominant types of pharmaceuticals, the tricyclic drugs and
the Serotonin inhibitors, SSRIs. The tricyclic drugs belong to an older class of anti-
depressants. These drugs increase the production of neurotransmitters of which low
levels are associated with depression. The SSRIs belong to a newer generation of
drugs. Instead of increasing the production of some neurotransmitters, these inhibit
the uptake of a certain neurotransmitter, serotonin.

It has not been scientifically ascertained that the SSRIs are on average more ef-
fective in providing relief or treating depression than the older tricyclics. The main
contribution of the SSRIs is the reduced probability of adverse side effects and gen-
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erally less severe side effects. The first of the SSRI drugs (Prozac®) was therefore
not classified as an A drug (important therapeutic gain) according to the FDA clas-
sification system, but as a B drug (modest therapeutic gain). Due to the reduced
probabilities of side-effects, the SSRIs are vertically differentiated from the tricyclics.
There is also inter-brand horizontal differentiation (within the SSRI group and within
the tricyclics g‘ro(tép), and intra-brand differentiation (between the two groups). For

example, Prozac ™~ is horizontally differentiated from the other SSRIs in that it has
the longest half-life. This characteristic is attractive for individuals who sometimes
forget to take their medication, but it is a disadvantage to those who occasionally
experience adverse reactions. SSRIs are horizontally differentiated from tricyclics in
that they produce certain side effects (such as gastrointestinal disease) with higher
probability than the tricyclics, but there is a (much) lower probability for a wide
range of other symptoms. For this reason, some patients may have a nonpecuniary
reason to prefer a tricyclic drug to an SSRI drug, even though SSRIs are generally
perceived as more advanced and innovative.?

The Swedish pharmaceutical market. In the Swedish pharmaceutical mar-
ket consumers are largely subsidized, and prices are determined in a regulated envi-
ronment. Until 1993, pharmaceutical prices were determined in negotiations between
producers and the National Corporation of Swedish Pharmacies (NCSP). The NCSP
is a state-owned company that monopolizes the retailing of all drugs in Sweden. In
1993 a government agency, the National Social Insurance Board (NSIB), assumed the
role of the NCSP in the negotiations with the pharmaceutical industry. The regula-
tory rules also changed slightly, so that from 1993 a producer need only negotiate a
price with the NSIB if it wants consumers to be reimbursed for its products within the
national pharmaceutical benefit scheme.* Prices are set annually, but both producers
and the agency may initiate re-negotiations in cases where there are wide discrepan-
cies between the anticipated and the actual performance of their products. In the
present sample there are few cases of drastic price changes, however. In most cases
real prices decline slightly over time. We think of the outcome as the result of a one-
shot bargaining process between two equally potent parties. Both parties consider
the price levels in comparable countries and seem reluctant to deviate from the norm
in the European Union, not least because of the potential effects of parallel import.
Once the initial price is agreed upon, the price path is normally corrected only so
that the price falls just below the CPI, unless the drug performs very unexpectedly.

3An excellent review on the medical properties of anti-depressants is provided in the paper
”Pharmaceutical Innovations and Market Dynamics: Tracking Effects on Price Indexes for Anti-
depressant Drugs” by Berndt et al. [1996].

*A producer may opt not to do this and set prices independently.
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Pharmaceutical consumption in Sweden is financed in three different ways. The
cost of prescription drugs is shared between the NSIB and the patient. The patient
pays a decreasing fraction of her consumption out-of-pocket up to a certain level,
above which pharmaceuticals are entirely covered by the NSIB via federal taxes.
This scheme is re-initiated annually so that once the consumers have reached the
level where co-payment stops, they pay nothing for additional pharmaceutical con-
sumption for the remainder of that year.? Pharmaceuticals that are sold to and
consumed in hospitals are financed by the regional authorities, which organize and
provide most of the health care in Sweden. Finally, prescription-free, over-the-counter
pharmaceuticals are paid for by consumers alone.

Physicians in general have little direct incentive to prescribe the most cost-effective
pharmaceuticals. However, they may have indirect incentives to take account of
their prescription costs. For example, some hospitals have pharmaceutical boards
supervising the prescriptions and the use of drugs. These boards try to influence
physicians to make more cost-effective decisions. Physicians may also be concerned
about the costs borne by the patient as a result of the prescription, or about the
general costs for taxpayers. Whether physicians’ incentives to prescribe cost-effective
drugs are strong enough to have an important impact on prescription patterns is
still largely an open question. (For a study on the prescription behavior of Swedish
physicians, see Lundin [2000]).

3. THE THEORETICAL FRAMEWORK

3.1. Assumptions. In order to examine the effect that innovativeness has on
market shares we adopt a simple address model of product differentiation. In this
class of models, stemming from the classic work of Hotelling [1929], it is assumed that
there are JJ products located in some characteristics space W and that consumers have
preferences defined on this set. The utility for an individual ¢ € [ is then a function
u; (w,p) of his address in relation to the products and the prices p € R” charged
by the suppliers. The individuals are distributed over the set W according to some
distribution @. The consumers are often assumed to have inelastic demand for exactly
one product, so a strategy for a consumer i is a decision vector d; : W xR’ — {0,1}’
with » . ,di; = 1. All firms® j € J are assumed to maximize profits m; (w,p) by
choosing location and price. A firm strategy would then be a pair (w;,p;) in some
prescribed order. A Nash equilibrium for this game, if it exists, will then give rise to
an expression for the market share for all firms j € J,

M; = M; (w*,p*, @ (w*),J) , (1)

5This level is SEK 1800, or approximately USD 180.
$Fach firm produces exactly one product, so j denotes both product and producer here.
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which will be in the focus of our attention in the empirical analysis.

We will here consider a simplified version of a setup used by Economides [1993].
In his model, firms play a multi-stage game by choosing whether or not to enter and
then choosing location, quality, and price. Here we simply focus on the price game,
taking all other variables as given. That is, we consider J firms exogenously located
on W = H x V where H is a circle of unit circumference, and where V = {0, v} with
v > 0. A firm location is then a pair (h,v) € W which has been determined outside the
game. The first component, h € H, represents the variety and the second component,
v € V, represents product quality. We think of H as the horizontal dimension over
which individuals have idiosyneratic preferences, and V denotes the vertical dimension
over which the individuals have the same preference ranking. In our framework a
pharmaceutical product is then identified by these two dimensions, where the variety
caters to individual specific needs, and quality is simply the overall medical potency
or efficacy of the drug. That is, at given prices, more quality is preferred to less
by all individuals, but some individuals may prefer one certain variety over others.
The firms maximize profits by choosing a price p; € R, Vj € J given a vector w
of locations. We assume that all firms have identical marginal costs, normalized to
zero. The consumers are distributed on H rectangularly so @ is simply the Lebesgue
measure on the unit interval. The utility function for an individual ¢, located at x;,
purchasing from supplier j, located at w; = (h;,v;) is given by

Uz (wj,pj,a,t) =7./‘j—t|hj—$i| - Qp; , (2)

where ¢ is a transport cost and where a is a parameter measuring consumer price
sensitivity. The transport cost is, as usual, interpreted as the utility loss an individual
incurs by consuming a non-ideal product. and it is the same across all individuals.
The parameter ¢ measures the weight the consumer puts on prices in their choice of
pharmaceutical. We first consider the case where consumers attach some importance
to prices, that is when a > 0. For reasons of comparison we also consider the case
where o = 0, that is when the price has no influence whatsoever on consumer choice.
This is intended to reflect the case where pharmaceutical expenditures are completely
tax financed and when prices are set by a regulator. In this setting the consumers only
choose an optimal action, whereas the firms take no action. We begin by describing
the equilibrium of the price game.

3.2. [Equilibrium. In line with Economides we restrict attention to localized com-
petition strategies which leave each firm with positive demand. A firm j then faces
demand D, (p,w,J) :

@ (i1 + Pi-1 — 2p5) + 205 — v — v (A — Ryy) 3)

i 2 ’
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where z; is the location of a consumer indifferent between suppliers j and j+ 1. Each
firm j € J then solves the maximization program:

maxy, [7; (w,p) =p;D; (p,w,J)] .
This gives rise to the J equilibrium equations
Ap" =y +Bv, (4)

where

A;=(0,.,0,—-1/4,1,-1/4,0,..,0)

y; (h) =t (x40 — zj1) /4o 5)

B; =(0,...0,~1/40,1/2¢, -1 /4,0, .., 0)
are the jth rows of Ay, and B, respectively. As Economides points out, the matrix

A is circulant” and may be inverted as long as its column sum is different from zero.
The equilibrium price is then given by

p =A"1lly+Bv]. (6)

If we make the simplifying assumptions that (1): the firms are placed equidistantly
on H and (2): that there is only one producer of quality » > 0, say j, we have that

*

-1
__t -1 %id
P; = 3555 ZjeJ e v

-1
* — _t -1 _ az'—le (7)
Pix1 = 375 2ikes Cjtik e U

* __ _t -1 -
Piin = 35m 2oked Ypnpo forn>1.

where a;kl is the kth element in sum of the jth row in A™!, and where a;' is the
diagonal element in A™1. The assumption of equidistantly located producers provides
a clearer link between the idea of horizontal product differentiation and the number
of substitutes in the market. This simplification enables us to let the number of
firms J serve as a measure of variety competition on the circle H. In the empirical
analysis the number of substitutes will serve as a variable for the degree of horizontal
differentiation.

TA matrix is circulant if each row is equal to the preceding upper row moved one step to the
right.
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Since the matrix A is circulant, A~! has the properties that the row sum is the
same across rows and that the diagonal elements are the same. Let 5= 3", a;kl for
all § and let v be the main diagonal entry of A™!. The equilibrium prices are then
given by:

p; =3¢ (t8/J + )
Pje1 =35 (tB/J —70/2) (8)
Diin = 5=tB/J, forn > 1.

From these expressions we see how location affects optimal prices for the different
firms. The high quality producer j sets the highest equilibrium price, as expected.
Also, prices are decreasing in the number of firms J. Furthermore, the effects of the
(localized) competition pushes down the equilibrium price for a low quality producer
that is located next to a high quality producer. This is so since the lower quality
producers that are placed immediately next to the high quality producer do not have
the same variety advantage as competitors farther away on the circle. The scope for
variety competition is more limited and therefore firm j's immediate neighbors must
price more aggressively than other lower quality suppliers.

The equilibrium market shares are given by:

1\/1]- o= % + 2v 4_8"?"," J
My =21+ M(S?*]_) .
Mjs = % _ 'mé(tj Cforn > 1,

M, = -j—, forn>2,

where we must impose that v < 8t/J~, so the quality premium cannot be too large.®
Since the rows in A sum to less than unity, v is decreasing in J (and approaching 1
from above). The condition that v be less than 6/5 is also met for all J, implying
that the high quality producer will enjoy the largest market share of all producers.

Interestingly, the firms with the smallest market shares are not the immediate
neighbors of a high quality producer, but instead the neighbors j + 2 and j — 2, one
slot farther away. The producers closest to the high quality supplier must set a more
competitive price than the other lower quality producers. Hence, the neighboring
producer closest to him in turn, j -+ 2, will yield some market share for this reason.

8This is to ensure that no firm gets zero demand in the restricted set of equilibria that we consider.

29



Innovativeness and market shares in the pharmaceutical industry

In fact, due to the more intense price competition between firms 7 and j + 1, the
immediate neighbors of a high quality producer will gain a larger market share than
all other firms (except the high quality supplier). Also, we note that a high quality
producer loses less market share relative to a lower quality producer when the number
of firms increases. This would imply that the high quality producer is less sensitive
to competitors than lower quality producers are. If we compare the profits accruing
to the different producers we find that

T; (P*) 2 Tjpn (P*) 2 41 (P*) 2 742 (P7) (10)

indicating that the high quality producer enjoys the highest profit, whereas the least
preferred slot is the one next to the immediate neighbor of the high quality producer.?

3.3. Case where a = 0. In the case where consumers are indifferent to prices,
the only relevant variable is product location. Here we assume that firms take no
action and simply offer their products given their locations in W. The consumers now
choose the pharmaceutical that maximizes gross benefit given their location. If we
assume rectangular ® on H as above, the following market shares will result:

My =5-4% (11)
j‘/[jin = % s forn>1.

The distribution of market shares is slightly different than in the former case. As
before, the high quality producer j will enjoy the largest market share but this share
is larger than when firms set prices optimally. Also, producer j's larger market share
comes at the expense of the immediate neighbors’, j + 1 and j — 1, market shares.
All other J — 3 producers get an equal market share of 1/.J. Clearly, the absence of
price as a strategic variable will cause some consumers closer to 5+ 1 and j — 1 to
now prefer product j, which they did not prefer when the net benefit was the decision
criterion. Since they cannot respond by lowering prices, producers j+1 and j—1 will
lose market shares compared to the above. The firms j + 2 and j — 2 are not affected
by the competitive pricing of firms j + 1 and j — 1, respectively, and therefore now
enjoy the same market shares as the other lower quality producers have. Of course,
we cannot determine which of the two "regimes” a > 0 or « = 0, is preferred by the
different producers since we had assumed an exogenous regulatory price.

. . T . B—=(v-1)(v* 2y —28vT)+20]
9The middle inequality is valid as long as t < * oD 4;3’ fut) 20

, which is likely to hold,

especially for large J.
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3.4. Remark. In view of the admittedly highly stylized model above, we expect
certain features to be present in the subsequent empirical analysis. Firstly, we expect
that innovative drugs will command higher prices on the average and gain larger mar-
ket shares than do the lower quality producers. Also, the idea that most low quality
producers will be relatively more sensitive to an increased number of competitors
than will the high quality producer, is consistent with the theory.

This outcome is expected to be more pronounced in the case where consumers are
fully reimbursed for their pharmaceutical expenditures.

4. EMPIRICAL ANALYSIS
Data. The data consist of quantities sold and price quotes for a set of NCEs
introduced in Sweden between 1987 and 1997. Each NCE has been labeled with an
indicator B and C representing the therapeutic advantage that the NCE offers over
existing substitutes.

Quantities. We have defined quantity as the number of daily dosages sold dur-
ing a given period of time. We use the quantities for daily dosage in accordance to
the Defined Daily Doses (DDD) system recommended by the WHO for studies of
drug use (ATC Index with DDDs, [1997]). A Defined Daily Dose denotes the average
daily dose of a drug used by an adult for the treatment of the main medical indi-
cation of the drug. Official DDDs were available for about two-thirds of the drugs
in our NCE sample, and we used them in these cases. For the remaining drugs,
we based quantities for daily dosages on the recommended average daily dosages in
FASS (Pharmaceutical Specialities in Sweden 1988-1998), a reference book widely
used by physicians in Sweden. When recommendations regarding dosages were not
sufficiently specific or not available in FASS, we consulted pharmacologists for the
appropriate quantities. In some cases however, it was not possible to establish an
average daily dose since the use of the drug is too varied.

NSIB provided the data on quantities sold (measured as DDD per substance,
whenever an official DDD was available) over the period 1996-1999:2. In order to
obtain the relevant data for the period 1987-1995, however, we estimated the price
per DDD for each NCE and approximated the number of daily dosages sold per
quarter with the ratio between the sales revenue and the estimated price per daily
dose. The prices of pharmaceuticals sold in Sweden are reported in FASS and the
prices for pharmaceuticals sold by the NSIB are the same regardless of purchaser.!®
As arule, we have chosen to calculate the price for tablets when these were available; if
they were not, we chose the administration form of the package containing the largest

10%e do not face the problems caused by multi-tariffs or price discrimination common in the US
that make it difficult to determine the price of a pharmaceutical.
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number of daily dosages. NSIB provided us with data on the sales of substances 1987-
1999:2 defined as revenues per quarter. It should be noted that of the B and C drugs
introduced on the Swedish market between 1987-1997, we were not able to analyze all
empirically. In order to include an NCE drug in the analysis we needed data on prices
per DDD or sales in DDDs for all substitutes. Since the data on sales and quantities
were on the ATC code (Anatomic Therapeutic Classification, see below) level, we had
to exclude all markets where at least one substitute drug had generic competition.
However, there are three markets where we were able to obtain prices and quantities
for generic competitors for some drugs in 1998 and 1999. For this reason there are
three drugs with observations only in the second and third vear. (This is the reason
why the number of observations reported in tables 2 and 3 is larger for the second
year than for the first year).

Definition of markets. We have defined the therapeutic markets using the
World Health Organization (WHQO) Anatomic Therapeutic Classification (ATC) sys-
tem. The ATC system is divided into 14 anatomical groups (e.g. Heart and Circula-
tion). Each anatomical group is divided into main therapeutic groups, and then into
therapeutic subgroups that are further divided into chemical/therapeutic subgroups
(e.g. HMG-Co A reductase inhibitors). The chemical/therapeutic subgroups are
further divided into groups according to chemical substance. An example of a chem-
ical substance is the cholesterol-lowering Simvastatin that belongs to the HMG-CoA
reductase inhibitors chemical /therapeutic subgroup.

We define a competitor or substitute to an NCE as a pharmaceutical within the
same chemical therapeutic subgroup sharing the main indication. In some cases there
are no competitors in the same therapeutic group as the NCE at the time of market
entry. In some of these cases, pharmacologists have indicated certain pharmaceuticals
outside the chemical therapeutic subgroup which may be considered as substitutes.
We define the market share of an NCE as the number of daily doses sold during a
given period of time divided by the total number of daily doses sold of the NCE and
its competitors combined.

There are several caveats with this definition of a market. First, pharmaceuticals
outside the market as we have defined it, may be prescribed to certain patients for
the same indication for which the NCE is intended. Therefore, this definition will
underestimate the actual market. Second, drugs that are within the same chemical
therapeutic subgroup and that share the same indication may be prescribed to some
patients with other indications. This will overestimate the actual market size in
our definition. For these reasons, the market shares as we have calculated them are
necessarily approximations of the true market shares.
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Therapeutic classes. No official rating on therapeutic gain for pharmaceuti-
cals is available in Sweden. We have therefore used the rating system constructed
by pharmacologists (see Beermann and Rosén [1999]). Beermann and Rosén [1999]
classified all NCEs introduced in Sweden between 1987 and 1997 according to the
FDA rating system used in the US. This system contains three different classes of
therapeutic advantage.

e (Class A: Important therapeutic gain: Drug may provide eflective therapy (by
virtue of greatly increased efficacy or safety) for a disease not adequately treated
or diagnosed by any marketed drug, or provide markedly improved treatment
of a disease through improved efficacy or safety (including decreased abuse
potential).

o (loss B: Modest therapeutic gain: Drug has a modest but real advantage over
other available marketed drugs; for example, somewhat greater effectiveness,
decreased adverse reactions, more convenient route of administration, etc.

e (lass C: Little or no therapeutic gain: Essentially duplicates in medical impor-
tance and therapy for one or more already existing drugs.

We have excluded class A drugs in our empirical study since they rarely have
well-defined substitutes.
Variables. The following variables are included in the subsequent analysis.

e MM, is the market share of an NCE obtained at time { where ¢ € {1, 2,3} indicates
the first, second, and the third years after launch.

e B indicates whether the NCE is a class B drug.
e (' indicates whether the NCE is a class C' drug.

e SUB; is the number of substitutes at period {. If a substitute has been in the
market for less than four of the quarters during the period, its contribution to
the number of substitutes is calculated as the number of quarters divided by
four.

e PRATIO is the price of the NCE divided by the weighted average price of the
number of substitutes at the time of introduction.
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Econometric model. In our model pharmaceuticals are differentiated by price,
the vertical quality dimension indicated by the classification of the drug (B or C), and
the presence of a horizontal dimension approximated by the number of therapeutic
substitutes in the market.

To see whether the location in product space will influence the relative price of a
new drug, we first regress the price ratio on the B indicator variable, the number of
substitutes and the number of substitutes multiplied with a dummy for a B classified
drug respectively. The latter variable is included in order to detect systematic differ-
ences between B and C drugs with respect to how they are affected by the number
of substitutes. The regression equation is

(1) ].Og PRATIO = Qo + O:'lB + ay log SL[Bl + a3B log SUBI + <.

We then regress the variable for the market shares on the number of substitutes
and the indicator variable for a B drug. Since prices are determined by the location
in product space in our model, we exclude this variable in the second regression. We
expect that the price and market shares are determined by the same factors. The
price sensitivity of physicians may also be low due to a lack of pecuniary incentives.!!
The second regression equation therefore provides information on how the new phar-
maceutical’s exogenous location in product space determines market success. We
expect a vertically diflerentiated (B) drug to be more successful in terms of gained
market share than a C drug. This difference is influenced by the degree of horizontal
differentiation. If the vertical quality is valued more by consumers than the horizontal
aspect we should expect B classified drugs to take large market shares irrespective of
the number of substitutes. The pharmaceuticals in class C, on the other hand, would
be more sensitive to horizontal differentiation.

To test the degree of product differentiation we regress the market shares for the
first four quarters for each ¢t € {1,2,3} combined on the number of substitutes and
the dummy for B classified drugs.

(2) log My = 8o + 5 B + B2 log SUB; + vy .

In order to detect if there are any systematic differences between B drugs and C
drugs with respect to how they are affected by the number of substitutes, we also
regress the equation above with an added variable for the B dummy multiplied with
the number of substitutes.

(3) 10g A_[t = (50 + 613 + (52 log SUBt + (53B log SL]Bt + &t .

11 The price ratio is far from significant at any conventional levels when it is included in the
regression.
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5. REsULTS
When we run regression (1) we find that the B indicator variable is positively cor-
related with the log of the price ratio (log PRATIO). and that the variable for the
number of substitutes (log SUB) is negatively correlated with the log of the price
ratio. The results are summarized in table 1 below.

Table 1: Regression 1: Price ratio and product differentiation.

logPRATIO®
Constant 0.430**
(2.068)
B 0.503*
(1.701)
logSUB1 —0.373*
(~1.697)
BlogSUB1 —0.009
(0.002)
N 83b)
F-test 3.910*"*
R2 0.129
R2adj 0.096

Breusch-Pagan 6.619*
RESET 0.656

@Results in the regression are corrected for heleroscedasticity. Numbers in parentheses are the
t-values of the coefficients. The RESET-tes! is conducted with the predicted value raised to two,
three and four. *Significance at the 10% level, ** significance at the 5% level and *** significance at

the 1% level. Y There are two fewer observations in the price regression (1) compared to the market
shares regression (2). This is because two drugs lacked well-defined relative prices per DDD, but.
their market shares were zero.

Both the B indicator variable and the interaction variable for the number of
substitutes are significant at the 10 percent level. The coefficient of the interaction
variable for the number of substitutes of B drugs is quite insignificant and indicates
that there is no difference between the way the prices of B drugs and C drugs are
affected by the number of substitutes. Even though the degree of significance is
low, the results are consistent with the hypothesis that product differentiation has
an influence on prices. A vertically differentiated product is expected to command
a higher price when it enters the market, and we also expect that a larger number
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of substitutes will affect prices adversely. We cannot tell whether the correlations
between differentiation and prices are due to a market pricing strategy by the firms,
whether the differentiation has affected the bargaining position of the firms vis-a-
vis the regulating authorities, or both. The fact that the price variable is far from
significant when it is included in regression (3) may indicate that prices play a minor
role in determining the market success of the drug. If this is the case, the price is
not likely to be an important variable in the market strategy but rather a result
of the bargaining game between the firm and the regulating authorities. A higher
quality and a smaller number of substitutes may strengthen the threat of the firm’s
withholding a drug from the market.

Table 2: Regression 2: Market shares, therapeutical rating, and number of substi-
tutes.

logM 12} logM2 logM3
Constant —2.605*** —1.315*** —1.587***
(~8.947) (~3.743) (—6.125)
B 1.392%** 2.051%** 1.10%**
(3.410) (3.716) (3.087)
logSUB —1.780**" —2.017**" —1.420***
(—4.113) (—4.118) (-3.217)
N 85 88 78
F-test 17.94%** 18.30*** 10.727**
R2 0.304 0.301 0.222
R2adj 0.287 0.285 0.202
Breusch-Pagan 9.04** 6.14%* 24.15***
RESET 2.62 1.36 1.40

@)Results in the regressions are corrected for heteroscedasticity. Numbers in parentheses are the
t-values of the coeflicients. The RESET-test is conducted with the predicted value raised to two,
three and four. *Significance at the 10% level, ** significance at the 5% level and *** significance
at the 1% level.

In the second set of equations, where we regress the log of the market share
(log M) on the number of substitutes and the B indicator variable for the first three
periods, we find that all variables are significant at the 1 percent level or lower.
The B indicator variable has the expected sign, and vertically differentiated class
B pharmaceuticals seem on average to gain larger market shares than the class C
pharmaceuticals. This is further supported by the descriptive statistics presented in
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Table 3: Regression 3: Testing the difference in effect from the number of substitutes
on the market share of B drugs and C drugs, respectively.

logM1%) logM2 logM3
Constant —2.309*** —1.04** ~1.311***
(-6.781) (-2.597) (—4.316)
B 0.714 1.241* 0.239
(1.532) (1.892) (0.570)
logSUB —2.2627**  —2.408*** —-1.802***
(~4.023) (~3.984) (-3.214)
BlogSUB 1.557" 1.508 1.441**
(1.983) (1.563) (2.002)
N 85 88 78
F-test 13.30%** 12.91%** 8.15**
R2 0.330 0.316 0.248
R2adj 0.305 0.291 0.2138
Breusch-Pagan 9.185** 6.854* 29.439***
RESET 1.304 0.982 0.680

®)Results in the regressions are corrected for heteroscedasticity. Numbers in parentheses are the
t-values of the coeflicients. The RESET-test is conducted with the predicted value raised to two,
three and four. *Significance at the 10% level, ** significance at the 5% level and *** significance
at the 1% level.

table 4.

The first year in the market, the average market share of a B drug is 33 percent
compared with 10 percent for a C drug. The corresponding figures for the second and
third vears are 44 percent and 46 percent for class B pharmaceuticals, and 18 percent
and 22 percent for class C' pharmaceuticals, respectively. The number of substitutes
is slightly smaller for B drugs than for C drugs, 1.6, 1.8, and 1.9 compared with 2.1,
2.3, and 2.3, for the first, second, and third vears, respectively. The variable for the
number of substitutes is negative, as expected, and lends support to the hypothesis
that a larger degree of horizontal differentiation obstructs market penetration. The
intercept is larger in the regression equations for the second and third years compared
to the first year. The average market shares increase between the first and second
vears and seem to stabilize in the third year. In the last period both the B indicator
variable and the number of substitutes have a smaller impact on the variable for
average market share. This is indicated in the smaller coefficients of the B and
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Table 4: Average market shares and number of substitutes.

Year 1%)  Year 2 Year 3

Market share

B drugs 0.33 0.44 0.46
(0.31) (0.31) (0.34)
C drugs 0.10 0.18 0.22
(0.16) (0.22) (0.25)

Number of substitutes
B drugs 1.6 1.8 1.9
C drugs 21 2.3 2.3

%) Numbers in parentheses are standard deviations for market shares.

log SUB coefficients. Also, the R-square value decreases from 0.30 in the second
regression to 0.22 in the third regression. A possible explanation for this is that
consumer learning about the new drug and the producers’ marketing efforts become
more important over time relative the initial product space location.

Finally we add the variable with the B dummy multiplied with the number of
substitutes in order to determine whether there are any systematic differences in how
B and C drugs are affected by the number of substitutes. For all three periods, the
coefficient is of nearly the same magnitude as that of the coefficient of the log SUB
variable, but with the opposite sign. In the first period the coefficient of the in-
teraction variable is very close to being significant at the 5 percent level. During
the second period it falls short of being significant at the 10 percent level, and for
the third period it is significant at the 5 percent level. It thus seems that there are
differences in the way the market share of a B drug is influenced by the number of
substitutes compared with a C' drug, and that a class B drug seems to be much less
affected.

The data is afflicted with heteroscedasticity. For this reason t-values are esti-
mated based on White’s heteroscedasticity consistent covariance matrix whenever
the Breusch-Pagan test is significant.

6. DiscussioN
In the preceding analysis we focus on pharmaceuticals’ location in product space as
the major determinant of pricing and market success. We assume that each thera-
peutic market consists of a unit circumference circle where each consumer demands
one variety. We interpret the number of substitutes as a measure of competition

38



Innovativeness and market shares in the pharmaceutical industry

in the sense that more substitutes improve the match between a consumer and a
certain pharmaceutical. This implies that it is more difficult for a new brand to es-
tablish itself the larger the number of substitutes. This, however, presupposes that
the potential scope for differentiation (or the possibility to locate farther away from
the competitors) is the same across markets. This is clearly a simplification. Some
markets have a larger potential for differentiation than others, and therefore a larger
number of substitutes. The strength of the local monopoly enjoyed by each variety
naturally depends on the number of potential niches. Certain illnesses affect ho-
mogeneous groups of patients while others affect more heterogeneous parts of the
population. For example, while prostate cancer is a disease afflicting elderly men
only, depression may strike a person of any age and of either sex. It might be the
case that elderly men react more homogeneously to side effects than the more diverse
part of the population that suffers from depression. Therefore, the potential to gain
substantial market power may be lower for products intended for the former condi-
tion, given the same number of substitutes. If there were a way to control for this
heterogeneity, we would get a clearer picture of how the number of substitutes affects
the degree of competition.

Another caveat concerns the assumption of exogenous product location. Even
though it is difficult for a firm to determine exactly where a product will be located,
it is nevertheless true that some markets may be more prone to differentiation than
others. If the scope for product differentiation increases the opportunities to make
profits within a market, which is likely, this will increase the R&D efforts to locate
on these markets. Product differentiation may also be endogenous in another and
more subtle way. Although some drugs are very similar with respect to efficacy and
side effects, their attributes may be emphasized ex post in the marketing of the
drug. Consumers may therefore perceive differences between pharmaceuticals that
are founded in factors beyond the physical product. If product differentiation is
endogenous in some of these ways, the number of substitutes will not correspond to
the actual competition in therapeutic markets. However, given the complexities of
the pharmaceutical market we believe that the simplifying assumption of exogenous
product differentiation is necessary.

7. SUMMARY AND POLICY IMPLICATIONS
The location in product space seems to influence both prices and the market success
enjoved by new innovative pharmaceuticals. Vertically differentiated class B drugs are
priced higher and capture a larger market share than C classified drugs, which are only
horizontally differentiated. There is some evidence that the number of substitutes
existing in the market affects the price of a drug relative to the existing substitutes
for both B and C drugs. A plausible explanation is that the bargaining position of
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the firm vis-a-vis the regulating authorities, and thereby the price level, is influenced
by the perceived innovativeness of the drug. However, the price relative to existing
substitutes does not seem to have any important effect on the captured market share.
This might lend support to the hypothesis that the prescribing physicians in Sweden
are rather insensitive to prices. We find that the degree of horizontal differentiation
interpreted in terms of the number of existing substitutes adversely influences the
market share captured by a new pharmaceutical. However, this effect seems to be
more pronounced for C' drugs than for B drugs.

Our results indicate that the more innovative B classified drugs are better re-
warded than the less innovative C' drugs. Further, there is no evidence that horizon-
tally differentiated C drugs have any important effect on the market shares that the
more innovative B drugs capture.

The empirical findings in this paper basically conform with the predictions of our
model of product differentiation, suggesting that this approach might be valuable for
further research in this area.

Two cases of our model with product differentiation were discussed: Omne with
price sensitive consumers and price as a strategic variable, and one without price
sensitive consumers. In the latter case the more innovative drugs tended to capture
larger market shares. This observation should be taken into consideration by regu-
lators who set prices administratively. In a market with price-insensitive consumers,
innovative drugs can have lower prices but still be as profitable as if they were priced
freely in a market with price-sensitive consumers. Less innovative drugs lose out the
most in markets with regulated prices and price insensitive consumers.

Expenditures may also be affected by the price sensitivity of consumers. Since
more innovative drugs take larger market shares in the absence of price sensitivity
and usually receive higher prices than less innovative drugs, expenditures in price-
insensitive markets may be more strongly aflected by new innovations.
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A simple model of strategic experimentation

BJORN PERSSON*
STOCKHOLM SCHOOL OF ECONOMICS

ABSTRACT. This paper offers a simple framework for studying the strate-
gic interaction between two agents who can observe each others’ actions. There
is uncertainty over the payoff distribution for a certain action, which is com-
mon to both agents. The agents can gain information either by experimenting
and taking the uncertain action themselves, or by observing the other agent’s
outcome from taking the uncertain action.

The main finding is that although the combined expected payofl is maxi-
mized in the pure subgame perfect equilibria, this outcome is unlikely to arise
due to conflicting preferences with respect to the equilibria. Strong incentives
to free ride on the other agent’s experimentation activities are therefore likely
to lead to the worst possible outcome.

1. INTRODUCTION

In cases where individuals must make decisions with uncertain consequences, they
can gain information through experimentation and/or through observations of oth-
ers in similar situations. The widespread existence of scenarios in which learning
from others seems to take place is reflected in a large body of literature in the social
sciences. A main issue in this line of research concerns the socially efficient level
of experimentation. In many instances it is natural to assume that there is a cost
associated with acquiring payoff-relevant information. Given that uncertainty relates
to a parameter that is common to all individuals, there might be scope for strategic
interaction in information gathering. In the event that outcomes from experimenta-
tion are publicly observable, problems associated with free riding arise. If individuals
may acquire information from others’ experimentation at no cost, we might suspect
that outcomes will prevail in which less experimentation takes place than would be
socially optimal.

The purpose of this paper is to study a learning problem in which the individuals
make repeated decisions, and the outcomes from their decisions are publicly observ-
able. It attempts to do this in the simplest possible setup. There are two individuals
who both live for two periods only, and there are two possible actions to choose from
in each period. The only uncertainty present is that neither individual knows with
certainty the payoff distribution of one of the actions.

*1 am grateful to Magnus Johannesson and Jorgen W. Weibull for advice and suggestions.
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The fact that the decision makers need to take action in two consecutive periods
adds a feature that has not often been considered in the literature on social learning.
Most of the literature considers myopic individuals and the learning dynamics pertain-
ing to society as a whole, rather than the individual agents. The herd or information
cascade literature, initiated independently by Banerjee [1992] and Bikhchandani, Hir-
shleifer, and Welch [1992], deals with one-shot decisions, and with how agents may
rationally discard their private signal in lieu of a more powerful public signal. The
usual result entails action convergence, and some of the subsequent literature has
discussed the robustness of these results, e.g. Smith and Sorensen [2000].

In the framework of this paper, the individuals must consider also how their be-
havior in the first period influences their expected payoff in the second period. As
a concrete example, we let the decision makers be health care providers who choose
between two treatments to administer to their patients. Although the general set-up
of the problem has a wide range of applications, this particular interpretation comes
very naturally to mind. The situation where a doctor must choose repeatedly between
treatments that have unknown characteristics is also often used as a motivating exam-
ple in the literature on statistical learning, specifically in bandit problems. Choosing
a treatment whose characteristics are uncertain involves a gamble, but it also provides
information that can be used subsequently to treat patients more effectively in the
future. The example in this paper also constitutes a bandit problem, albeit with a
two-period horizon only.

Bandit problems have been studied since the 1930s, and there is by now a very
substantial statistics literature on this topic. The basic multi-armed bandit problem
can be described as follows. A decision maker has to select one of many statistically
independent reward processes at all decision epochs. The chosen process yields an
immediate reward when sampled, and then changes state. The processes that were
not selected do not change state and yield no reward. By sampling from the different
processes the decision maker generates a sequence of immediate rewards, and the ob-
jective is to find the process that generates the highest expected discounted present
value. The fundamental characteristic of a bandit problem, then, is how immediate
gain is contrasted against future gain. Selecting a certain alternative may yield a su-
perior immediate payoff whereas selecting another alternative (and thereby sacrificing
some immediate payoff) may prove more beneficial in the long run. Translated to our
problem, there is a conflict between treating the patients arriving at an early stage
and treating those who arrive at a later stage when more is known about the uncer-
tain treatments. The fact that the maximization problem cannot be intertemporally
separated is what complicates the bandit problem.

A well-known result in bandit theory is that optimal learning may not always
imply perfect learning. If the decision maker becomes sufficiently pessimistic about
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the payoff potential from a certain alternative (after a series of poor outcomes) he
may rationally abandon this alternative forever, even if it might in fact be the optimal
process. One of the first papers using bandit theory in economics, Rotschild [1974] ,
made precisely this point. He considered a monopolist choosing prices over an infinite
horizon and showed that the rational policy entails charging a suboptimal price with
positive probability.

Given the obvious generality of bandit problems these have, however, found rather
few other applications in the economics literature.! An exception is in the literature
on job search, see e.g., Jovanovic [1979] and Viscusi [1979].

The literature on multi-player bandits is scarcer still, and we know of only two
papers in the economics literature. Aoyagi [1998] considers the issue of action con-
vergence in a two-armed bandit setup. More specifically, he addresses an earlier
conjecture made by Rotschild [1974] in relation to the results found in the more re-
cent literature on common knowledge. Rotschild suggested that when there are two
players, they may end up settling on different arms forever even if they may observe
each other’s actions (but not outcomes). The reason would be that both players think
that the other has had a series of bad experiences with the other arm. This reasoning
conflicts with the notion that it is impossible for the players to agree to disagree
about which arm is superior. Aoyagi finds, under certain weak assumptions about
the support of the payoff distributions, that in any Nash equilibrium the players will
settle on the same arm with probability one.

Aoyagi focuses exclusively on the topic of action convergence, in the limit of
an infinite time horizon, and the issue of whether agents learn the true values of
the parameters which govern the reward processes. He does not consider explicit
strategies or their relation to issues concerning social efficiency.

A paper that is concerned with social efficiency is Bolton and Harris [1999] . and
the present formulation is close to theirs in spirit. They consider a one-armed bandit
problem in continuous time extended to a game where the players can observe each
others’ outcomes, not only each others’ actions as in Aovagi [1998]. Thev identify
and characterize the set of stationary Markov perfect equilibria, and how these relate
to the number of plavers. In particular, they find a unique symmetric equilibrium
where the players devote any given time to both a safe and a risky action. Bolton
and Harris do not consider pure equilibria in their model, except for noting that no
such symmetric equilibria exist. They find that the equilibrium level of experimen-
tation is less than efficient due to incentives to free ride, but they also identify an
encouragement effect which offsets the free riding effect somewhat. If an individual

17a bandit problem] embodies in essential form a conflict evident in all human action”, Whittle

[1982, p 210]. (Also cited in Berry and Fristedt, [1985, p 5]).
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expects others to experiment in the future, she can be stimulated to increase her own
experimentation if this reduces the time until the information resulting from others’
experimentation becomes available. Hence, in their setup there is a flavor of both
intertemporal substitutability and intertemporal complementarity that work in oppo-
site directions. They conclude that the former effect typically dominates the latter,
so the equilibrium outcomes are generically inefficient.

The present paper considers a particularly simple set up, focussing on pure strate-
gies which we solve for explicitly. In particular, we contrast the scenario where the
decision makers can observe the outcomes of each others’ actions with the scenario
where they cannot. We find that the pure equilibria in the two different scenarios are
the same in terms of learning and efficiency. However, we argue that the actual oui-
come in the scenario with mutual observability is likely to be an out-of-equilibrium
outcome due to coordination failures. The coordination failures that arise due to
conflicting preferences over the outcomes are detrimental to learning and efficiency.
In this framework, the outcomes from the experimentation activities are equally use-
ful for both, regardless of the decision maker produces it. Both agents then prefer
to let the other decision maker acquire the information, since experimenting has a
cost in terms of foregone expected payoff. The ensuing free riding effects are po-
tentially strong enough to completely thwart incentives to learn about the uncertain
action, even in an environment in which the decision makers would benefit from this
knowledge at a future stage.

The remainder of the paper is devoted to a thorough description of a basic model
where both decision makers can each take one observation of the unknown action. It
then offers a slight extension to a setting where the decision makers each have the
possibility to make more than one observation of the unknown action. After a brief
discussion of the results, a final section concludes.

2. THE BASIC MODEL
2.1. The problem. Consider the following simple two-period formulation. There
are two health care providers (e.g. physicians) who are visited by one patient each
in both periods. The physicians must choose a health care technology (a treatment,
e.g. a pharmaceutical drug) to administer to the patients. We suppose that there are
two such technologies available, and they both produce a binary stochastic outcome
of either success or failure. A successful treatment results in a positive payoff to the
physician, whereas the physician gets zero payvofl if the treatment fails. The problem
is that the physicians do not know with certainty which of the two treatments is
superior.? For simplicity, we assume that one of the technologies has a known success

2The patients are assumed to be homogeneous, so if a certain health care technology proves
better for one patient, then it is better for all patients (in probabilistic terms). This (unrealistic)
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propensity. The other technology, however, has an unknown success propensity and
the physicians share a common prior belief over its success probability. In the first
period, the physicians simultaneously choose one of the two treatments to prescribe
to their respective patients. Then they observe the outcome from the treatment,
receive the payoff, and update their beliefs about the unknown treatment according
to Bayes’ theorem. Armed with reassessed beliefs, they enter into the last period and
make another simultaneous prescription choice for a new set of patients. Finally, the
outcomes in the second period are observed, and payoffs are collected.

In this problem, it is natural to consider the first period as a potential exper-
imental stage where the physicians decide whether or not to make an information
investment. Since the characteristics of one of the treatments are not completely
known, the first period might serve as an information gathering stage where the
physicians improve their knowledge of the unknown treatment’s performance. The
knowledge so obtained is then used to treat the patient in period two as effectively
as possible. This interpretation is more natural when there is a large set of patients
rather than just one or two in each period. In this instance we may think of the first
stage as a clinical trial and the second period as the actual treatment phase.

As mentioned above, we find it useful to distinguish between two alternative for-
mulations for comparative reasons. In the first (A), we assume that the outcomes of
the treatments are private information held only by the treating physician. In the
second (B), we assume that the outcomes of the treatments are publicly available.
Consequently, in scenario A each physician observes only how their own patient reacts
to the chosen treatment. The only means for the physicians to acquire information
about the unknown treatment is therefore to prescribe it and record the outcome.
(Prescribing the known treatment will add no knowledge about the unknown treat-
ment’s characteristics since the treatments are independent of each other.) In sce-
nario B, however, each physician may, in addition to her own prescription outcomes,
observe the outcomes resulting from the other physician’s prescriptions. This as-
sumption clearly introduces an additional possibility to obtain knowledge about the
unknown treatment’s efficacy. In particular, it now becomes possible to acquire in-
formation about the unknown treatment even without trying it. Since the physicians
may learn from observing each other, we could expect that incentives to prescribe
the unknown treatment are different in the two scenarios. This is the focus of our
analysis.

2.2, A game theoretic description. This section presents the problem de-
scribed above in standard game theoretic terms. The two scenarios A and B consti-
tute two dynamic games of complete information, and we refer to them as model A

assumption of independence between patients and treatments is made for simplicity.
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and model B, respectively. The two models are identical in every respect (except for
the information the players may hold at the end of each of the subgames), and we use
the following notation for both A and B. Formally, let a; € A = {1,2} denote the
treatment that physician ¢ € I = {1,2} prescribes in period t € T = {1,2}. When
physician ¢ administers a treatment in period ¢ an outcome Zy € {1,0} is produced,
representing success and failure, respectively. The sequence of outcomes observed by
the physicians then form independent Bernoulli distributions with success frequencies
given by the parameter § = (6;,6,) =0 C (0, 1)2 . We let p be a probability measure
on f representing the prior beliefs the physicians have over the success rates. We as-
sume that treatment 2 is known, so both physicians believe that 6 = y € [0, 1] with
p— probability one. It is useful to let X; € {1,0} denote the outcome from treat-
ment 1 in period ¢, and let ¥; = y denote the outcome from treatment 2. Hence, we
can summarize the observation in t as Z; € {1,0,y}, and this is also the payoff the
physicians receive in period t. We let H2 and HP denote the set of possible histories
observable (immediately) after stage t and HA®) = HIBWUH,P) s the set of all
possible observations during the course of play. The null history is denoted by ’HS“B) .
A (pure) strategy for player i € I in A (B) is a function s; : HA®)— A, namely a rule
that assigns a treatment to any given observed history of events. We denote by S;
the set of pure strategies available to player 7, and S = S; x S; is the set of strategy
profiles. Let A (with generic element \) be the product set of the parameter support
set © and the set of sample histories H, that is A = © X H. The prior distribution
over 6, along with a strategy profile s € S, will induce a probability distribution on
the space A, and we denote this distribution by ps. Physician ¢ attempts to maximize
the expected discounted sum of successful observations, that is, the expression:

Vi (i 85) = / [Zix 4 8:Zi] s (AN) = By, [Zi + 6: 73] (1)
A

by choosing a pure strategy s; € S;, and where §; € [0,1] is a discount factor. In
order to make the analysis as transparent as possible, we will assume that the prior
belief pt over the unknown treatment’s success propensity is rectangularly distributed
on the unit interval. This choice is purely for analytical convenience. Since we
make a special point of obtaining explicit expressions this is a convenient choice of
distribution, although it may not be the most realistic case. The flat distribution
is a special case of the beta distribution, which is a natural choice when modelling
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beliefs over proportions.> This is partly due to the fact that it has the convenient
property of being closed under repeated sampling, (see e.g., DeGroot [1970]). We
will restrict our attention to the case where both physicians have the same discount
factor 6; = §; = 6.

We now proceed by characterizing the subgame perfect equilibria in the two mod-

els A and B.

2.3. Version A. As mentioned above, a strategy for player i is a sequence of
treatment choices in periods one and two, s; = (@1, a:2) . A pure strategy equilibrium
is a profile s* = (s}, s3) where s maximizes V (s;,s;) for ¢,j € I and i # j. In this
game all actions and outcomes are private information, so the optimal strategy of
physician i is independent of the strategy used by physician j. Therefore, model A
corresponds to a particularly simple version of the classical one-armed bandit problem.
We apply backward induction to find a pure subgame perfect equilibrium profile s*
(if one exists). In the last period, physician i € I will choose the action a; € {1,2}
that maximizes her expected immediate payofl, E,, [Z;]. Her optimal action a}, is
therefore given by:
LB [ Xy | HE >y
aj, =
2 otherwise®

where H{! denotes the information generated by the choice in the first stage. Due
to the dynamic structure of the problem, the decision maker’s choice of treatment
in period one will have an impact on the decision situation also in period two. By
Bellman’s principle, optimality prescribes that the best initial action be taken given
that the decision maker continues optimally. With a slight abuse of notation, we
let V (a;1;ak) € {V(1),V (2)} denote the expected value to physician ¢ when she
prescribes treatment a;; € {1,2} in stage one, and then continues optimally in stage
two. An optimal strategy for physician ¢ must then solve:

sup [V (air,af)] -
aié{l,ﬂ}

3A random variable X is distributed beta with parameters ¢ and b, (with @.b > 0}, if X has an
absolutely continuous distribution whose density f (z) is:

2o 11— gy

flzla,b)= { =T ea aE L0<e<l,

0 otherwise .

‘We assume that the physicians choose the known treatment in period two whenever there is a
tie.
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The expressions for the value functions V (a1, aj,) are:

B [Xl +5max{]E [XZ | Hfl] ,y} | #] ifag =1

Viain,ah) = y -+ 6 [max {E [ (o |'H‘]4] ,y} \ /.L] ifa; =2 ° (2)

Hence, the solution to physician i's problem is given by s = (a};,a}) as specified
above. Physician j s ¢ solves an identical maximization program, and combining the
two gives the subgame perfect equilibrium profile s* € (s}, s3) . In our case where p
is Lebesgue measure we have that:

1426y - 2
5o ity >3

3+652+3y! if% S y < %

V()= (3)

1+6) - 1
-(—llfy<§

2

and
(1+5)yify2%
V(2)= 2;5;_6 ity <% . (4)

Physician j # i faces an identical problem, so the symmetric subgame perfect Nash
equilibrium is given by:

(2.2) ify > 222

3(5+2)
¢ e 1 p 2643 o
o= (1,2) if 3 <y < 3649) and X;; =0 , (5)
(L) ifi<y< ﬁﬁg) and X;; =1, orify <4

fori,j e l.

The results are standard and the trade-off between immediate and future payoffs
is clearly illustrated here. Let y° denote the cutoff value for y where the physicians
are indifferent (disregarding the tie) between the two treatments in the first stage,
given that they continue optimally in period two. Using the notation above, y© =
{y€(0,1): V(1) =V (2)}. In case the physicians are myopic, we have that y° =
E [X|p] = 1/2, that is, the myopic rule is to prescribe the known treatment if y >
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1/2. The optimal choice for any positive discount factor ¢, however, is to prescribe
the unknown treatment in the first stage if y < (26 + 3) /(36 +6), which is larger
than 1/2 for all 6 > 0. That is, the greater the weight the physicians put on the
second stage, the stronger the incentives are to prescribe the unknown treatment
(as measured by y). As 6 grows without bound, the cutoff value y¢ approaches 2/3
indicating that it is indeed optimal to sacrifice some immediate payoff in hope of
obtaining a larger future payoff. In fact, it is always better to take the unknown
treatment than the known treatment, given that they have the same expected success
rate. This result is also a characteristic feature of bandit problems, as discussed in
e.g., Berry and Fristedt [1985].

Another point worth noting here is that it is never optimal to choose the uncertain
treatment in stage two, unless it was chosen in the first stage. This is a consequence
of (a version of) an optimal stopping theorem applied to this problem: if it ever
becomes optimal to choose the safe option, it must also be optimal to stick with the
safe option forever after, since no new information can arise from playing it. Clearly,
this does no longer have to be true if the physicians can observe each other.

We say that ezperimentation occurs whenever y© > 1/2; that is when optimal
behavior prescribes that the unknown treatment be administered in stage one, even
though its current expected success rate is lower than that of the known treatment.
Before turning to version B of our problem, we summarize the main result in the
following proposition.

Proposition 1. Let Y* = [1, gg—ig) . Ify € Y?, the unique subgame perfect equilib-

rium is for both physicians i € I to experiment.

2.4. Version B. We now consider the formulation where the physicians can ob-
serve each other’s treatment choices and the associated outcomes. As above, the
problem for physician 7 is to maximize the expression V (s;, s;) where:

E [.X] + 6 max {E [.Xz I Hf] ,y} | [1.] ifag =1

VI0sis) =\ ,16E (max {E [X, | HP] ¢} | p)ifan =2 ° (6)

where HP now denotes all the possible histories generated by the actions taken by
both physicians in period one.

First we note that if physician j chooses the known treatment in the first period,
the decision situation for physician ¢ 3 j is the same as in version A above. Evidently,
if physician j prescribes the known treatment to her first patient she will contribute
no information about the characteristics of the unknown treatment. The decision
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situation for physician ¢ changes if physician j does prescribe the unknown treatment
to her first patient. Given this behavior of j, physician ¢ will know just as much about
the unknown treatment as if she had prescribed it herself, without having to take the
gamble with her first patient. This argument clearly has a public good flavor, and
we may therefore expect that the equilibrium entails less experimentation than in
version A.

Again abusing notation slightly, let V (a;1,a;) denote the expected payoff to
physician ¢ from choosing treatment a € {1,2} in period one, given that physician
j % i prescribes treatment a € {1,2} in period one, and that i continues optimally in
period two. If we restrict attention to the strategically non-trivial case where y € Y,
the respective values become:

6+_6(132iy) if (ail,avjl) = (1,1)
w ]f (aﬂ,avjl) = (1, 2)
V(az‘l-,a‘l) = 5 .

j LRI if (a,4,a5) = (2,1)

1 +8)yif (aa5) = (2,2)

The ranking of the expected payoffs is
V(2,1 >V(L1)>V(1,2)>V(22) ,

(with strict inequalities if y # 1/2), for both physicians. Given that one of the physi-
cians (i, say) prescribes the known treatment to her first patient, the other physician
would rather prescribe the unknown treatment to her first patient. This is natural
in view of the results in version A : physician j acts as if in isolation. Given that 4
prescribes the unknown treatment, j would prefer to free ride on the information pro-
duced by physician i while prescribing the known treatment to her own first patient.
For y € Y%, the physicians initially believe that the known treatment is superior to
the unknown treatment. Therefore, the known treatment is preferable in the first
period, given that the same information set is reached prior to stage two. The pavofl
structure suggests, however, that these equilibria may be difficult to attain since the
physicians have conflicting preferences over the asymmetric equilibria. Consequently,
the physicians face a coordination problem: both physicians prefer to be the one
not experimenting. Therefore, it can be argued that the likely outcome in this one
shot game is that both choose to prescribe the known treatment to their first period
patients. This is in fact the worst possible outcome. The payoff structure is in fact
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highly reminiscent of that in a Hawk-Dove game, in which coordination failure has
long been recognized to cause Pareto dominated outcomes. The main result from the
analysis above is thus as follows.

Proposition 2. Given thaty € Y?, there are two asymmetric pure strategy subgame
perfect equilibria where one physician experiments and the other does not.® However,
coordination failure will potentially cause a Pareto dominated out-of-equilibrium out-
come in which none of the physicians experiments.

We note that an equal amount of information about the unknown treatment is
produced in the equilibria in versions A and B. However, the expected payoffs are not
the same in the two versions, since the information generated by the experimenting
physician also benefits the other physician. The highest individual expected payoft
accrues in version B to the physician who does not experiment (when the other
does). Moreover, the highest expected combined payoff is achieved in the asymmetric
equilibria in model B.

If both physicians experiment under mutual observability, as in version B, the
combined payoff would be less: the benefit to the physicians (as a group) from taking
the safe action in period one outweighs the benefit derived from the extra information
produced when both physicians experiment. Although not an equilibrium, this out-
come produces the second highest combined expected payoffs and therefore dominates
the equilibrium outcome in version A, where both individuals experiment in isola-
tion. Furthermore, this outcome produces the most information about the unknown
treatment’s success frequency since two (joint) observations are made in stage one.
This also suggests that there are values of the known treatment’s success frequency y
for which cooperative experimentation would occur, when individual experimentation
does not. If both physicians were to experiment and treat their respective patients
“as one” (that is, treated jointly) in stage one, optimality would prescribe that they
experiment for all y values in the set Y2, where

vi 13(6+2)
team T 127 4(64+3) )

Clearly, Y C Y;2,,,. implying that joint experimentation should optimally occur for
a larger set of parameter values of the known treatment. However, although this
behavior improves the combined expected payoff and increases knowledge about the
unknown treatment, the expected payoff is still inferior to the asymmetric equilibrium
outcomes in version B : in a sense, too much information is produced in this outcome.

8There is also an inefficient mixed strategy equilibrium where both physicians experiment with
probability p = [6y —3 + 6 (3y —2)] /6 (8y — 5).
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Consequently, in a cooperative solution (or a social planner solution), only one of
the physicians should experiment with the unknown treatment. The other physician
should prescribe the known treatment in stage one, and subsequently use the infor-
mation produced by the experimenting physician. In order to arrive at any of the
two equilibrium outcomes, it is required that one physician ”yield” to the other and
experiment in stage one. This is, as argued above, perhaps unlikely to occur since
the physicians are identical in every respect. Rather, there is a good possibility that
the worst outcome arises in which none of them experiments.

A natural question is how the analysis above changes if we consider a larger
population of patients in each period. In the following section we see that the results
above remain robust in this case.

3. EXTENDED PATIENT POPULATION

Suppose now that each of the two physicians is visited by more patients who should be
treated as effectively as possible. There are a few different, although related, scenarios
to consider here. First, we assume that the physicians have a binary experimentation
choice in both periods: either they experiment and prescribe the unknown treatment
to all n patients, or they do not and let all n patients have the known treatment.
This perhaps somewhat unnatural assumption constitutes a first step, since it is the
closest to the basic model considered above.

A more natural formulation would make the physicians able to prescribe both
treatments in both periods. That is, we may let both physicians i € I choose a
subset of &;; € {0,1...,n} patients to whom they assign the unknown treatment
in period one. Then they observe the outcomes, and based on the results from the
observations they choose a new subset k; from a new set of NV patients.

We consider also the following third case. Both physicians each face a total
(known) number of n patients to treat over both periods. The problem for physician i
is to choose an optimal number k; individuals for whom to assign the unknown treat-
ment in period one (the test stage). Given the outcomes, physician i then prescribes
the treatment she believes to be superior to the remaining n — k; patients in period
two (the treatment stage). Her objective is still to maximize the overall number of
successful treatments in both periods. The difference between this formulation and
the two preceding ones is that here, the physicians do not get a new batch of pa-
tients in period two. Although this framework is different from the setup in the basic
model considered in the previous section, it can be argued that it is perhaps the most
natural formulation. Moreover, it has been considered in recent studies of clinical
trial sizes.® It is therefore worthwhile to consider its extension to the B version with

9See e.g., Gittins and Pezeshk [2000], and Su, Cheng, and Berry [1999] .
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mutual observability. We will refer to the formulations above simply as cases I, 11,
and III

In order to facilitate comparisons with the basic model, we consider the various
cases in versions A and B separately. Moreover, we assume that § = 1 fori,j € [
throughout this section for analytical convenience.

3.1. Casel. Here we suppose that the physicians have a binary experimentation
choice in both periods with k;; = {n,0} patients. Suppose first that the physicians
have no possibility to observe each other, that is, we consider version A. The problem
is the same as the one in the basic case, with the second period value exchanged to
E [max {I&[X5 |ki],y}], where [E[X |k;1] denotes the expectation of X, conditional
on the history generated by k;; observations. For ease of exposition, we let the
function F' (n) be the expected value of the maximum of the estimated unknown
treatment’s success probability given n trials, E[X, [n], and the known treatment’s
success frequency, y. That is, we define

F(n) = B max {E[Xzn],y}] . (7)

Intuitively, it seems natural that this value should increase as information accrues
{otherwise information would not be valuable). This is indeed the case: the function
F (n) is non-decreasing in n, provided that the support of the distribution has at least
two interior points (see Su, Cheng, and Berry [1998]). In the case where the prior
belief over the unknown treatment’s success propensity is rectangular, it will in fact
be strictly increasing in n. The function F'(n) is then given by:

Fln)=——% max{k+1 y} . (8)

'rl,»+1k:0 n+2°

This expression is conveniently approximated by the function @ (n):

y(n+2)-1 n

1 k+1 n—+y”(n+2)
& — : = : 9
() 2ovt D 2+ 1) ©)
k=0 k=y(n+2)

a concave function which is strictly increasing in n.°

As in the basic case, we calculate the critical value ¢ of the known treatment’s
success parameter below which the physicians should prescribe the unknown treat-
ment. In line with the section above, we can define an experimentation set Y,! =

0From here on, all calculations are based on this approximation.

57



A simple model of strategic experimentation

Y, = [%, yfl) , which depends on the number of observations n, where it is optimal to
prescribe the unknown treatment. The critical level y2 is (approximately) given by:

42— 2243042
y’n_ ’I’L+2 .

The critical value 3¢ is increasing in n, implying that when the number of potential
observations available increases, the unknown treatment will be chosen for larger
values of ¢y in model A. Hence, in this sense experimentation can be said to occur more
easily if there are more patients: this point also relates to the ”joint” experimentation
case mentioned in the previous section. Also, since ®(n) is increasing in n, the
expected payoff increases in 7 in model A.

The situation in the model B version of this extension will qualitatively remain
the same as in the basic model B case. While the upper bound of experimentation
set Y, increases with the number of patients 7, the free riding effects that the mutual
observability assumption produces are still equally powerful here. In other words, the
two asymmetric equilibria where one physician experiments and the other does not
are now sustained for higher values of y°, but this outcome is still not very likely since
the incentives to free ride on the other physician’s experimentation are the same as
in the basic case.

More specifically, consider an experimenting physician 4 in the asymmetric equi-
librium. Given that the other physician (j) does not experiment, #'s incentives not to
deviate increase with the number of patients n, by virtue of the results from version A
just above. Similarly, physician 7 will have stronger incentives not to deviate from her
choice of not experimenting as n increases, since she also benefits from the knowledge
produced by 7 : although her benefit increases in n regardless of whether she chooses
the unknown or the known treatment, she benefits more from not prescribing the
unknown treatment. This again is a consequence of decreasing marginal returns to
information. Hence, in this sense, the asymmetric equilibrium is sustainable for larger
values of y when n gets larger. The requirement on y in order for the experimenting
physician not to deviate is y < (E [X1] + @ (n)) /2, which is increasing in n. Similarly,
for j not to deviate we have that y > E [Xi] + ® (2n) — @ (n) must hold, which is
decreasing in n, but bounded from below by 1/2 since lim,_,oo @ (2n) — @ (n) = 0.

We summarize the results as follows.

Proposition 3. If n denotes the number of outcomes resulting from the unknown
treatment in period one, then we have that Y, C Y, (for given y) in model A.
Although the set Y where an asymmetric equilibrium is sustained increases in n, the
coordination failure is just as likely to occur as in the basic model B.
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3.2. CaseIl. In this case, we suppose that the physicians can make an (approxi-
mately) continuous choice of k patients from all n patients in both periods. In version
A, where the physicians can only observe the outcomes from their own treatments,
both physicians i € I choose k;; and k;5 in order to maximize the following expression:

V (ki kio) = & ka B [X1] + (n = ka) y + kB [Xs [ka ] + (n — ki) 9] (10)

subject to ki1, ki € [0,n]. Clearly, it must be optimal to prescribe the treatment
currently believed to be superior to all n patients in the last period, irrespective
of what happens in the first period. The problem is therefore to choose k;; as to
maximize:

V (ki in) = = [ LX)+ (0 = ki) -+ 1 (k)] ()

The solution to this problem is given by:

n* =
i1 &

2y—1

{M} ” ify>1/2 ’ (12)

n otherwise

for both ¢, j € I. This result will be modified when we consider version B where the
physicians have access to each others’ prescription outcomes. In this case, the best
reply function for physician i is given by:

n{l—y?) 12

1 (13)

ki (kj1) = [
The best reply functions for the physicians coincide, and we have a continuum of
equilibria. We note that if physician j treats one additional patient with the unknown
treatment in stage one, physician ¢ will optimally reduce her prescription of the
unknown treatment by one. A symmetric equilibrium has both physicians sharing
the experimentation activities:

1

* * n 1 B y2 1/2
o=t = 120 ”

2y —1

However, the same reasoning that applies in the basic model is also valid here. Al-
though none of the physicians has an incentive to deviate unilaterally there is still an
incentive to free ride on the other. This is no surprise in light of the results obtained
earlier. Since experimentation produces the same information, irrespective of who
conducts it, and both physicians can acquire it from each other with out cost, it is
better to play it safe and let the other experiment. The preferred equilibrium by
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both physicians is therefore to choose no experimentation in the first period, and let
the other physician experiment with her patients. As in the basic case of version
B in section 2, there is thus a strong incentive not to experiment that potentially
leads to an adverse outcome with no experimentation. In sum, we have the following
proposition.

Proposition 4. The optimal experimentation size in a population of n patients in
period one is of order n'/? in model A. In model B, there are many equilibria which
involve experimentation from both physicians that are all Pareto efficient. However,
a likely outcome is that neither experiments due to the information externality.

3.3. Case III. Finally, we consider the third formulation where the decision con-
cerns the optimal clinical trial size k& < n, rather than simply whether or not to
experiment in period one. As mentioned above, this setup is different from the one
in the basic model. However, we find the formulation interesting because it has a
natural appeal and, moreover, it appears elsewhere in the literature on clinical trials.

Beginning again with model A, the maximization problem facing physician ¢ €
is now to choose k; as to maximize the expression:

Vi (k) = - KB G] + (n — k) Blmax (B X [k u}]] (15)

subject to 0 < k; < n. The solution to this program shows that the optimal clinical
trial size &} is of order n'/2 :

,,len _‘2 1/2
I..iNy[ (1-95]"" . (16)

This result is in line with the result offered in Su, Cheng, and Berry [2000] : for
non-extreme values of y and for large n, the optimal clinical trial size should be
substantially smaller than the patient population. Using this as a benchmark, we
now turn to version B. Not unexpectedly, it turns out that the equilibrium clinical
trial size is smaller than in version A. The best reply functions are:

1 P 1/2 v
ki (k;) ~ " [(n+ k) (14+97)] 2 _ ki, (17)
for 7,5 € I, and the unique pure equilibrium is symmetric, given by:
* 1 2\11/2
k* = % [n(1—=¢2)]"" . (18)

The physicians will reduce their trial sizes by about a half compared with the result
in model A. The flavor of this result is similar to the one in the cases above: the
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experimental activities decrease when they no longer act in isolation. It is important
to note, however, that this is framework is slightly different from the basic model and
the first extension. There is only one decision node here, so the physicians cannot
free ride on each other’s experimentation to the same extent as in the basic model.
Therefore, the effect of the coordination failure is not nearly as severe as in that case.
Nevertheless, in equilibrium each expects the other to contribute with observations
from the unknown treatment, so the physicians assign fewer patients to the unknown
treatment in version B than they do in version A.

4. CONCLUDING DISCUSSION
The objective of this paper has been to establish a simple framework for analyzing
the strategic behavior that might arise in situations in which individuals can observe
each others’ actions. We considered a two period scenario in which physicians choose
between two treatments, of which one has unknown characteristics. Learning then
becomes relevant since the objective is to treat patients as effectively as possible. In
particular, we compared two different information structures. In the first, version A,
the physicians could only learn about the unknown treatment’s efficacy by prescribing
it to their patients. In the second, version B, the physicians could also without
cost observe the outcomes from each others’ prescriptions as well as from their own.
This opened up another possibility to learn about the unknown treatment since the
outcomes were assumed to be independent of the physicians and patients. We defined
experimentation as the act of prescribing the unknown treatment in the first period,
even though the prior belief was that the other treatment was superior. Within the
confines of a special example, we solved explicitly for the equilibrium strategies in
the two versions, and characterized the possible outcomes.

For the relevant parameter values, owr results suggest that experimentation is less
likely to occur when the physicians can observe each other than when they cannot.
The reason for this is that the information produced as a result of prescribing the
unknown treatment is a public good. Therefore, there is a strong incentive for both
physicians not to experiment and thereby increase their expected payoff by choosing
the ”safe” treatment in the first period. For the interesting values of the known
treatment’s success propensity y, we typically have asymmetric equilibria where one
of the physicians experiments with the unknown treatment, and the other prescribes
the known treatment. Since the physicians are symmetric in all respects, there is
no particular reason to believe that they will end up in an asymmetric equilibrium
where one of them “yields” to the other. Therefore, a likely outcome is that both
choose the known treatment in both periods and thereby forego the expected payoff
that they otherwise would get.

It is interesting to compare how the different outcomes would be ranked from

61



A simple model of strategic experimentation

a societal perspective. A social planner concerned with the sum of the physicians’
welfare prefers the asymmetric equilibria since they provide the highest expected
combined payoff. The optimal amount of experimentation is the same in versions A
and B in terms of the knowledge gained. In the latter case, it is enough that one
of the physicians experiments and that the other free rides on this information. If
both individuals were to experiment under mutual observability, the expected payoffs
decrease. This outcome is, however, the second most preferred by a social planner.
Hence, to ensure the highest expected combined payoff, the planner would promote
optimal experimentation by assigning this activity to some physicians, and dictate
that this information be available to other physicians.

The general result remains valid also in the extended version, in which more
observations are available. The efficiency loss due to coordination failures will increase
when the number of patients is larger: although more information is generated in the
asymmetric equilibria, this information is lost in the out-of-equilibrium outcome, just
as in the basic case.

Thus, this analysis has found that there is an increased risk that knowledge about
an unknown treatment is not advanced in a setting where the decision makers can
observe each other, in contrast to a situation in which they cannot. In short, this setup
that allows for observational learning is highly afflicted by the social inefficiencies that
are usually associated with public good analysis.
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ABSTRACT. We here develop a model in order to study the effect of altru-
ism on individuals’ insurance decisions. The main question is if the potential
strategic incentive to free ride on others’ altruism can lead to insurance market
failure. One relevant concern is whether there will be any transfers at all in a
large economy, even with altruistic individuals, since the incentive to give may
be weakened as the population grows - altruists free-riding on each other. Our
main results indicate that altruism can have a detrimental effect on insurance
markets in a setting where the individuals are identical. If, however, individu-
als differ much as to the health risk, and these individual risks are observed by
the insurers, then we find that the degree of altruism must be (perhaps unreal-
istically) high in order for altruism to cause insurance market failure. A more
complex pattern is found in the case of asymmetric information: low levels of
altruism increases the number of equilibria, as compared with the case without
altruism, while high levels of altruism knocks out all insurance equilibria.

1. INTRODUCTION

Every year in the US, where the extent of private donations to charity is the largest in
the world, more than two-thirds of the population makes voluntary contributions to a
wide range of charities, interest groups, and non-profit organizations. A recent article
(Rose-Ackerman [1996]) reports that the value of the total monetary donations in the
US exceeded $120 billion in 1990, nine-tenths of which were personal contributions.
The fact that individuals donate money to strangers could be interpreted as evidence
that people have altruistic concerns for others’ welfare.’

Altruism can, however, potentially cause socially suboptimal outcomes by cre-
ating strategic incentives for individuals to exploit the benevolence of others. The
reason is that an individual with altruistic preferences cannot commit not to help an-
other individual in need, and knowing this the receiving individual may for example

*Department of Economics, Stockholm School of Economics, SE - 113 83 Stockholm Sweden, and
the Research Institute of Industrial Economics, SE - 114 85 Stockholm, Sweden.

1Civing up consumption for the benefit of others may also be consistent with selfish behavior.
Individuals may be motivated by guilt or a sense of duty, or have preferences for fairness (see e.g.,
Andreoni [1988]). Furthermore, individuals may want not to see poor people in the sireets, or be
concerned with reputation effects and social status, or they may hope to be helped in the future if
they help others now (cooperative egoism).
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over-consume at an early stage in expectation of help at a later stage. The altruist
recognizes this, and rationally over-saves in order to provide support to the other.
Therefore, an inefficient allocation of resources may result. Interestingly, both the al-
truist and the exploiting individual could be better off if the altruist could commit to
his or her future support. This is sometimes referred to as the Samaritan’s Dilemma,
after Buchanan [1975] who identified the incentive problem.

In this paper, we examine how incentives to purchase insurance are influenced by
the presence of altruism. We consider individuals who in addition to their own utility
from consumption care also about other’s utility from consumption.? All individuals
are assumed to be equally altruistic toward each other. The individuals consume one
good only, which we refer to as health for the sake of concreteness. We believe that
health serves as a good motivation for our purpose, although it puts no restriction on
our treatment as such: in the analysis, health is tantamount to income and can be
traded among the individuals. The cost incurred for improving another individual’s
health equals a loss of one’s own health to exactly the same degree. We imagine that
initially each individual is endowed with one unit of health and faces an exogenous risk
of falling ill (losing health). Prior to the realization of such a health loss, individuals
can purchase health insurance that fully protects them from this adverse cutcome.
Due to the presence of altruistic preferences, however, individuals may want to make
health transfers to those who are worse off than themselves - for example to uninsured
individuals who fall ill. Therefore, some individuals may opt to forego insurance and
instead rely on the altruism of others. Our main task, then, is to investigate how
the possibility of receiving charity affects individuals’ decisions to buy insurance in
the market. In particular, we ask under what circumstances, and to what extent,
altruism can cause the insurance market to partially fail or collapse completely.

Most of the previous literature on altruism and efficiency has considered the conse-
quences that arise from interaction between only a few (usually two or three) individ-
uals. A paper closely related to ours is Lindbeck and Weibull [1988], which provides
a game-theoretic analysis of the incentive conflict considered in Buchanan’s informal
account mentioned above. That study focuses on the case of two equally or unequally
altruistic individuals who make intertemporal consumption decisions. As a special
case, one individual may be altruistic toward the other who is purely selfish. In sub-
game perfect equilibrium, the selfish individual will squander at an early stage, thus
leaving the altruist to provide for him in the next stage. The altruist cannot credi-
bly commit to not help the other individual, and such equilibrium behavior may be
Pareto inefficient, an inefficiency that can prevail even if both individuals are equally

2This is sometimes called pure altruism. An impure altruist also derives utility directly from the
act of giving per se, a so called warm glow effect (see Andreoni [1989]).
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altruistic. It is argued in that study that the externality caused by altruism may
justify mandatory pension schemes from an efficiency viewpoint, since these provide
a form of binding commitments. The conclusion is at variance with Becker’s [1974],
[1976] so called rotten-kid theorem.?

The role for mandatory insurance as a means to alleviate distortions due to al-
truism is further elaborated in Coate [1995], who considers an economy with two
altruists and one selfish individual. The selfish individual is risk-averse and subject
to a possible loss of income, but can obtain insurance against this loss. The two
altruists are wealthy, and this is known by the selfish individual. The latter will
under-insure in anticipation of help. In Coate’s model, one source of inefliciency
comes from the fact that the poor individual, by relying on the altruists, does not
choose a socially optimal level of protection. Another inefficiency arises from the fact
that the altruists’ giving may not be optimal from their own viewpoint. The reason
is that charity is a public good to both altrnists, and is therefore afflicted with well-
known free-riding problems: each altruists has an incentive to free-ride on the other’s
altruism, and therefore to under-provide charity. Consequently, there is a ”double”
rationale for the public provision of in-kind transfers to the poor from a government
acting on behalf of the altruists. Coate also notes that the public insurance solution
may not be unambiguously (Pareto) optimal in case the altruists also derive ”warm-
glow” {Andreoni [1989]) from giving charity. He suggests that the charitable behavior
of others is key to explaining why many (low-income) citizens in the US lack basic
health insurance and disaster insurance.

In the scenarios described above, altruism can potentially cause severe social in-
efficiencies. It is not obvious, however, to what extent these results hold when one
considers a large population. In particular, if there are many altruistic individuals,
the free riding problem associated with giving will naturally be intensified. Each
potential contributor may consider his or her donation to be so marginal that giving
does not seem worthwhile. A major concern we address, then, is whether there will be
any transfers at all in a large economy. Free riding among contributors is considered
in Andreoni [1988], who argues that the public good view of altruism (pure altruism)
cannot possibly account for the extensive charity donations observed empirically. As
the population grows, only the wealthiest individuals will make contributions, and
average donations will converge to zero.* In light of this result, we might expect that
the effects of altruism are too small to cause insurance markets to fail: if would-be
recipients expect only diminutive charity contributions, they clearly have an incentive

3A treatment of the Samaritan’s Dilemma and its relation to Becker's rotten-kid theorem is also
found in Bruce and Waldman [1990] .

*Andreoni concludes that motives other than altrnism are needed to explain actnal donation
patterns.
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to self-protect efficiently.

Another question we address here relates altruism to the information structure
that prevails between insurers and their clients. The adverse selection mechanism
that normally kicks in when there is asymmetric information about the propensity
of loss is a well-known cause for insurance failure. Little is known, however, how the
adverse selection effect interacts with altruism. Specifically, we ask whether altruism
will reinforce or counteract the adverse selection effect. It is possible that high-risk
individuals will have weaker incentives to insure, compared to a situation without
altruists. This could cause insurance premia to fall and thus bring more low-risk
individuals into the insurance market, and thus alleviate adverse selection. On the
other hand, it is possible that altruism may provide a ”cushion” that weakens the
incentive to buy insurance. We therefore examine the traditional case in which the
insurers know only the average risk level in the population while each individual
knows his or her individual risk.

Our main results indicate that altruism can have a detrimental effect on insurance
markets in a setting where the individuals are ex ante identical. If, however, individ-
uals differ much as to the health risk, and these individual risks are observed by the
insurers, then we find that the degree of altruism must be (perhaps unrealistically)
high in order for altruism to cause insurance market failure. A similar, but somewhat
more complex pattern is found in the case of asymmetric information: although al-
truism’s net effect is to reinforce the adverse selection effects, this distorting influence
becomes strong only at high levels of altruism. At low levels, it causes multiplicity of
equilibria (one additional equilibrium, on top of the two equilibria in the absence of
altruism), while at high levels of altruism it knocks out the socially least inefficient
equilibrium, and the only remaining equilibrium is complete collapse of the insurance
market. Hence, there is a cause for public health insurance programs, but perhaps
not as strong (at realistically low levels of altruism) as one might have thought.

This paper is structured as follows. First we develop a base model in which all
individuals are ex ante identical in every respect, and there is no informational asym-
metry. Then we extend the model to allow for individuals with differing health risks;
there is distribution of health risks in the population, and this distribution is known
by everyone in the economy. We consider both the case of complete information about
each individual’s health risk, as well as the case when each individual’s health risk is
his or her private information. The results, and some directions for further research
are discussed in the final section. An appendix establishes a connection between
altruistic concerns for others’ utility from health and altruistic concerns for others’
welfare including others’ altruistic concerns for others welfare ete. ad infinitum.
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2. THE Base MODEL

Consider an economy consisting of n ez anie identical individuals. Each individual
is in each period in some (health) state, h > 0. We will call an individual in state
h = 1 "healthy” and an individual in state 2 = 0 ”ill.” All individuals live in (the
same) two periods, £ = 0 and t = 1. In period 1, every individual is healthy with
probability 1 — p and ill with probability p, where p € [0,1]. In period 0 there exists
an insurance market against this risk. The cost of bringing someone who has fallen
ill back to good health is 1, and the premium for this insurance is actuarially fair,
w = 1 — p. Hence. the expected profit to an insurer is zero, and an individual who
buys insurance is certain to be in health state h = 1 — p in period 1. We assume in
the base model that all individuals and insurers know the risk p of falling ill.

Let x denote the number of individuals who choose to buy the insurance in period
0. In period 1, the total population in general consists of three groups: (A) those who
did not buy the insurance in period 1 and did not fall ill, and hence are in state h = 1,
(B) those who bought the insurance, and thus are in state 1 — p, and (C) those who
did not buy the insurance and fell ill, and accordingly are in state h = 0. Although
each uninsured individual’s health state is a random variable, we assume that the
size of each population group is deterministic.’ Every individual being exposed to
the same risk of falling ill, their sizes are accordingly given by

na=(1—-p)(n—z),ng=z,and ng =p(n—ux) . (1)

2.1. Selfish individuals. Suppose all individuals are selfish in the sense that
no individual cares about any other individual’s health state. Suppose, moreover,
that all individuals have the same von Neumann-Morgenstern preferences over health
lotteries, with Bernoulli function u : R, — R, where u is twice differentiable, with
#(0) =0, u(l) =1, v’ > 0, v’ <0, and limy,.o¢/(h) = +oo0. All individuals are thus
risk-averse, with infinite marginal utility at health state zero.

In the absence of altruism, the individual health states in the three groups are
ha=1, hg =1—p, and he = 0, respectively. Every individual, being risk-averse,
will thus choose to buy the insurance:

u(l-p)> (1= p)u(l) +pu(0)=1-p. (2)

2.2. Altruistic individuals. Assume now that all individuals have the same
altruistic preferences, defined by the sum of the utility from own health and a scalar

5In a large population with statistically independent individual health states, the population
shares are close to their expected values, by the law of large numbers. Alternatively, individual
health states may be thought of as statistically dependent random variables such that the population
shares are deterministic.
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a € (0,1) times the sum of all others’ utility from health:®

U, = —I—az (hy) = (1 —a)u(hy) +a2u hy) . (3)

J#i Jj=1

Because of their altruistic concern for others, individuals may want to give voluntary
transfers to those in worse health state than themselves. We therefore assume that,
when all individuals’ health states are realized in the beginning of period 1, the
number of ill is known to all, and all individuals who are not ill decide independently
whether or not to give a transfer to the ill, and, if so, how much. We thus model the
interaction as a two-stage game with simultaneous moves in each stage. In stage one
all individuals simultaneously choose whether or not to buy the insurance. In stage
two, each individual learns his or her health state, and the number of uninsured ill.
All individuals then simultaneously choose their personal voluntary (non-negative)
transfer to the ill. We analyze the subgame perfect equilibria of this game.

Let ¢; > 0 denote i’s transfer. We imagine that all these individual transfers are
handed over to a charity organization which helps all individuals who are ill.” Every
such individual receives the same support®. Hence, with x insured individuals, all
uninsured ill end up in the same health state

hC =

th . (4)

Consequently, for any individual i in group A or B, the optimal voluntary transfer,
if positive, must satisfy the following first-order condition:

(n—z)p

du (ILc)

u (hy) = a—z ;) =a(n—z) p———== o

L b

= ad (he) (5)

8A more profound model of altruism is to let individuals care about others’ altruistic concern
for others, etc. in an infinite regress. 1t can be shown that an additively separable such model is
mathematically equivalent with the present model, in a population of fixed size, see appendix at the
end of the paper.

“In particular, this presumes that this organization without cost or error can verify the health
state of any individual. In the more realistic case when the organization cannot do this, an additional
moral hazard problem arises as healthy individuals may claim that they are ill in order to receive
support.

%Due to the concavity of individual utility functions, this allocation maximizes the utility sum
across all receivers.
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where I; is the health state of a giver i after giving the transfer, ¢;.° The right-hand
side is the same for all givers. Hence, all givers end up in the same health state

he = (W) e (he)] (6)

Not surprisingly, each giver’s health state is superior to that of any receiver: hg > hg
(since e < 1).

Figure 1 depicts the decision tree for each individual. Here A > 0 denotes the
difference between giving the optimal transfer and not giving any transfer, in terms
of the sum of all other individuals’ consumption utilities.

uthg) + oA u(l-p) u(hg) + 0A u(l) uthe)

give

Nature’s move:

insure healthy or ill

Figure 1: The decision tree for every individual .

In equilibrium, either all buy insurance, no-one buys insurance, or some interior
population share buys insurance. We refer to these equilibria as type I, II and III,
respectively. In type-1 equilibrium, no transfers are given and the resulting allocation
is Pareto efficient. In type-II equilibrium, all healthy individuals give transfers to
the ill. (If no transfers were given, then it would be better for each individual to
buy insurance, see section 2.1.) In type-III equilibrium, finally, all individuals are
indifferent between buying and not buying insurance. However, it is not possible
that both the insured and those uninsured who are healthy give transfers. For by
the above observation, the resulting health levels must then be the same for both
groups of givers, and this would destroy the required indifference: it would then be

9No uninsured ill individual has any incentive to give a transfer to other uninsured ill (since
a < 1). If the giver ¢ in equation (5) belongs to group 4, then h; = 1 —t;, while if ¢ € B, then
hi=1—p—1;.
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suboptimal to not buy insurance, since the only effect of that would be to run the
risk of becoming ill and receiving support (and hence ending up in a worse health
state). It follows that in type-1Il equilibrium the insured do not give transfers, but
the uninsured healthy do. However, this can occur only if the following equation
happens to hold,

(1-pulhe) +tpulhe)+(1-pA=u(l-p) . (M)

This equation fails generically for all subutility functions u, risks p, and levels of
altruism «. Therefore, virtually every subgame perfect equilibrium is either of type I
or II, and we accordingly do not analyze type-III equilibria.

Type-1 equilibrium. In type-I equilibrium, all individuals buy insurance, no
voluntary transfers are given, and the market allocation is Pareto efficient. We here
examine under what circumstances such subgame perfect equilibria exist. Suppose
therefore that all but one individual, %, buy insurance. The single deviator’s ez ante
expected consumption utility is 1 — p 4+ pu (T’), where T is the sum of transfers from
the n—1 insured individuals in case the deviator falls ill (we used the assumption that
(1) = 1). The question is if T is large enough to make such a deviation worthwhile.
Suppose all insured individuals give the same transfer, {5, to the deviator in case the
latter fallill. Hence, T' = (n — 1) t5, where {5 is individually optimal for every insured
individual expecting all other insured individuals to transfer the same amount. In
order to find tg, note that, if i falls ill, then each individual j # i faces the following
decision problem:

[M1] max u(l—p—1t;)+ault; +(n—2)tp].
£;€[0,1-p) :

The assoclated first-order condition is

W(l—p—t;)=av[l;+(n—2)ig] . (8)

Hence, a necessary (and in fact also sufficient) condition for {g to be an equilibrium
transfer in this subgame is ¢/ (1 — p— t5) = at/ [t + (n — 2) 1g], or, equivalently,

(n—1)t5 = ()" [ ©)

Uﬂ—p~@q'

The right-hand side of this equation is a continuously decreasing function of iz,
starting from a positive value and running down to zero as tg approaches 1—p. Hence,
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there exists precisely one solution. We see from this equation that the equilibrium
per capita transfer {p is increasing in the degree of altruism «, and decreasing in
the population size n, with limit value zero as n — co. However, the total sum of
transfers given to the deviator, T = (n — 1) ¢z, is increasing both in @ and in n. To
see the latter property, note that equation (9) can be re-written to yield

A e e R N ) ELN

as the population size n goes to infinity. In sum: while individual transfers tend to
zero - “altruists free-ride on each others’ altruism” - the total amount of transfers
tends to a positive limit value.

Having studied in some detail the support 1" given to a single uninsured individual
who falls ill, we conclude that the strategy profile which has every individual buying
insurance constitutes a subgame perfect equilibrium if and only if the total utility to
the deviator does not exceed his or her equilibrium utility,

G-pli+am-Dull-p)+p() +am-Dul-p-ts)] (11
<[l+4+a(n-—-1]u(l-p), (12)

where tp and T are given in equations (9) and (10). Note that the deviator is
altruistic: he cares about the negative effect on others’ consumption when giving
a transfer to him. Equivalently, everyone buying insurance is a subgame perfect
equilibrium if and only if

l—p—u(l-p+pu(T)<apn—-1u(l-p—ul—-p—tg)] . (13)

In the limit, as n — oc, this inequality becomes!®

l—p—u(l—p)+pu(ls) <apln'(1—p) . (14)

We illustrate the qualitative properties of these conditions in a special case.
Example. Suppose that u(h) = v/h. Equation (9) then becomes (n— 1)t =
a?(l—p—1i),s0

_(-po?

= . 15
n—1+a2’ (15)

13:]

Note, however, that in the more profound model of altruism outlined in the appendix, o — 0
as n — o0, at a certain rate, calling for a different limit analysis.
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and the condition (13) for subgame perfect equilibrium becomes

1+02/(n—1)

oﬂp[l_n<1+—O‘2/(n;1);1.>}51_,/1_p7 (16)

In the limit as the population sizes goes to infinity, this condition boils down to

a(l-a’/2) < I-vir 'plip , (17)

see Figure 2 below. Full insurance is a subgame perfect equilibrium outcome for all
combinations of a and p outside the loop in the figure. For all o below 0.6, such
full insurance is an equilibrium at all risk levels p. The degree of altruism must be
quite high, and the risk of falling ill low, in order to cause market failure in a large
economy. However, we have not yet studied the possibility of multiple equilibria for
certain parameter values - another potential source of market failure.

0.8

0.6
alpha
0.4

0 T T T T 1
0.2 04 p 06 0.8 1

Figure 2: Combinations of & and p for which type-I equilibrium exists.

Type-11I equilibrium. In type-II equilibria, no individual buys insurance, and
healthy individuals give some transfers to the ill. The resulting resource allocation
is Pareto inferior. The source of this inefficiency is the disincentive effect on buving
insurance due to one’s own altruism and the presence of many uninsured ill. Even if
I would buy insurance for myself, there will be so many needy ill around that I will
want to give a transfer to these, and this (voluntary) transfer would be so large that,
ez ante, | would have been better off not insuring myself in the first place. We now
proceed to examine the characteristics of such market-failure equilibria. In particular,
we ask for what parameter values and utility functions they exist.
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We start by computing the equilibrium transfer, t4, given by each healthy indi-
vidual in a type II equilibrium. It is clear that ¢, is positive, since « is positive, and
the marginal utility of health is infinite for every individual who has fallen ill and
who has not received any support. The ez ante expected equilibrium utility to every
individual 4 is, by (3),

Us=[1+o(m—1)][1-p) ulhe)+pu(he)]) , (18)

where hg = 1 — t4 is the health state of the givers and he = (1 — p) t4/p the health
state of the recipients. Since the transfer 14 is positive, it necessarily satisfies the
first-order condition

V0= | (52)1] w

which arises from each of the (1 — p) n healthy individuals’ decision problem, namely
to choose one’s own personal transfer ¢ to the charity organization, when expecting
all other healthy individuals to each give ¢ ,:

M2 (1—t u
(M2} max {U( )+aImU(

t+ [(1p)n—1]t.4)]

on

Note that the left-hand side of equation (19) is continuous and increasing in ¢4, from
a positive value (u'(1) > 0), while the right-hand side is continuous and decreasing
from plus infinity towards zero. Hence, the two curves intersect at exactly one point,
and this is the equilibrium transfer ¢4 from each healthy individual to the charity
organization. We note that this equilibrium transfer is independent of the population
size. The diluting effect of more givers on the incentive to give is exactly matched by
the enhancing effect of more receivers. Moreover, and not surprisingly, the equilibrium
transfer is increasing in the degree of altruism. Note, finally, that the equilibrium
transfer from each healthy individual is increasing in p, the risk of falling ill, as well
as the number of individuals who are ill.

In order to investigate for what, parameter values and utility functions the strategy
profile of not buying insurance and giving a transfer if healthy constitutes a subgame
perfect equilibrium, consider an individual ¢ who deviates unilaterally from this profile
by purchasing insurance and not giving any transfer to the ill.}! Such a deviator’s
total utility is

UMore generally, the deviating individual also has the choice of giving a transfer to the ill. If such
a transfer would enhance the deviator’s total utility, then the present non-profitability condition is
only necessary, but not sufficient, for the strategy profile to be subgame perfect.
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U=u(l—p +a(r—1) [(l—p)u(hic)—i-pu(hic)] ,

where 1%, and RS, are the equilibrium health levels of welfare recipients and givers,
respectively, in the subgame following upon #’s defection. We see in equation (19)
that transfers are independent of the total population size, and hence hi, and hi. are
the same as in equilibrium. Hence, the deviation is unprofitable for individual ¢ if
and only if his utility from own health does not exceed his expected utility from own
health in equilibrium, i.e., iff

u(l—p) < (1-p)ulhe)+pulhc) .

This is equivalent to

u-(l—p)s<1—p>u(1—t44)+pu[(1—;—p) u .

where t4 is the unique solution of equation (19). This relation implicitly defines a
critical level of altruism, as a function of p, below which the type II equilibrium does
not exist. We denote this function & (p). In general, type-II equilibria need not exist
for all & > a (p), but we conjecture that they do exist at least for o somewhat above
the critical value & (p).

Example. Returning to the special case u (k) = v/h, (19) yields

o? (1-p)e? . p
= pa=TP d  a(p)=-2—.
YT atpl-p . T U-pptpr " P =1—5

In figure 3 we plot the critical altruism values for type-I equilibria and type-II equi-
libria, as functions of the risk of illness, p. For some combinations of health risk levels
and levels of altruism, two equilibria exist simultaneously. For values of & and p that
are situated in the region outside the loop and above the curve representing type-II
equilibria, it is both an equilibrium that all purchase insurance and that no one pur-
chases insurance. These values represent perhaps the most realistic values of both
the altruism parameter and the risk parameter. Consequently, both complete market
failure and full insurance are compatible with reasonable parameter values. We note
that if the risk is large, it can no longer be an equilibrium that the individuals forego
insurance: no matter how strong the altruistic concerns are in the population, buying

78



Altruism as a cause of insurance market failure

insurance is better than relying on altruistic transfers from others.

0.8
0.6
alpha

0.47]

0.27

T T T T d

0 0.2 04 , 06 0.8 1

Figure 3: Combinations of a and p for which type-I and type-II equilibria exist.

3. HETEROGENEITY
In this section we consider how the insurance decisions, and equilibrium outcomes, are
affected when individuals differ with respect to their risk of falling ill. As indicated in
the introduction, we will analyze this case in two information settings: (C) complete
information about the health risks, and (A) asymmetric information, where insurance
companies lack information about individual health risks.

We imagine a population consisting of n individuals, ¢ = 1,2, ..., n, who are iden-
tical in all respects except for their individual risk p; of falling ill. In case (C), all
individuals and insurance companies knows each individuals risk p;. In case (A), only
individual ¢ knows his or her own risk p;, while all others, including the insurance
companies, only know the average health risk in society,

In both settings, let ®(p) be the population share of individuals ¢ with health risks
p; < p. Hence, ® : [0,1] — [0,1] is a cumulative distribution function, with mean
value p.

3.1. Complete information. In the case of complete information, the insurance
premium exactly matches the individual health risk. Hence, individuals with high
health risks may prefer to forgo their expensive insurance and instead rely on others’
altruism. Moreover, individuals with low health risks may both buy insurance for
themselves and give transfers to the uninsured ill.
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We first note that in the absence of altruism, each individual, being risk averse
by assumption, will buy the actuarially fair insurance, just as in the case of a ho-
mogeneous population (see subsection 2.1). Secondly, in the presence of altruism -
assuming all individuals to be equally altruistic - we note that, just as in the homoge-
neous case, all transfer recipients end up in the same health state o, and all transfer
givers end up with the same health state hg, where

u (hg) = at! (he) (20)

(see equations (6) and (5)). Unlike in the case of identical individuals, however, it
is now possible that both uninsured healthy and insured individuals make positive
transfers to the uninsured ill. In particular, individuals with low health risks p may
prefer to both insure and transfer, whereas individuals with high health risks p may
prefer not to insure themselves, but give transfers in case of a good health outcome
for themselves. Individuals with intermediate health risks, on the other hand, may
prefer to insure themselves but not give any transfer.

We now follow up on this equilibrium conjecture, and assume that individuals
with health risks below some critical level pg will both insure and make positive
transfers, while individuals with health risks above some critical level po > pg will
not buy insurance, and give transfers in case of their own good luck. Individuals with
health risks between pg and pe will buy insurance but not make any transfers. Are
there values of pg and pc that make this a subgame perfect equilibrium outcome?

We solve for equilibrium by backwards induction. The equilibrium health level hgs
of givers not only has to satisfy the first-order condition (20), but it also has to make
individuals with health risk pg indifferent between giving and not giving a transfer.
Thus

he=1-pc . (21)
Moreover, the transfer from each individual i € AU B is given by
1— hg fic A
t,={ 1—he¢—p fi€Bandp, <ps | (22)
0 ifi € Band p; > pg
Using equation (21), this becomes
PG ifiecA
t;={ pa—p; fi€Bandp, <ps | (23)
0 ifi e B and p; > pg
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Adding up the transfers from both groups of givers, we obtain the following equation
for the total amount of transfers given, T'= 3 . {;:

T/n = pG/I (-parm+ [ po-rar o)

= pg [1pi P (pa) — @ (pc) =P+ ¥ (pc)] — ¥ (pc) ,

where ¥ : Ry — [0,1] is defined by ¥ (s) = f; pd®(p). Hence, ¥ is continuous and
increasing from 0 to f, with ¥(p) < &(p) for all p € [0,1]. Given all individuals’
transfers, Ac, the resulting health state of the uninsured ill, is thus given (just as in
equation (4)) by

n/ pd@(p)]ﬁ _Pell=®(pe) + @)~ Y(pe)

/ZC =T
[ 5= ¥ (pc) (24)

rc

The critical risk level pg, finally, has to make the individual indifferent between, on
the one hand, buying insurance and not giving any transfer, and, on the other hand,
not buying insurance and giving a transfer if lucky:

w(1—pc)=(1—pc)u(he)+pcu(hc) . (25)

We thus have four equations in equally many unknowns, pe, pc, he and he. Elim-
inating the health states, we obtain the following two equations in the two critical
risk levels, ps and pe:

o [(pe[1 = @ (pe) + @ (pe)l — ¥ (pe)) / (6 — ¥ (pc)) — pe] = v (1 — pe)
peu (W)™ ' (1= po)] fa) = u(l = pc) = (1= pe) u (1 - pe) (26)
We return to our example, with the additional assumption that health risks are
uniformly distributed in the population.

Example. In the special case when u (h) = VI and ®(p) = p, the two equations
(26) boil down to

o (1—pe)(1—p%) = pe (1 +pe — 2pc + PE)

VI=pc=[1-pc(l-a)VT-pc

81



Altruism as a cause of insurance market failure

Figures 4.1 and 4.2 show these two equations as curves in the (pc,pg)-plane, for
different degrees of altruism.
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Figure 4.1: o =0.1. Figure 4.2: o = 0.5.

From these graphs we see that if the degree of altruism is low (o = 0.1), then
only individuals with very high health risks will prefer to forego insurance and count
on the help of others. Likewise, the only insured individuals who donate money are
those with very low health risks. If the degree of altruism is large (o = 0.5), more
individuals find it better to become charity recipients in case they do not fall ill.
However, even at this high level of altruistic concerns in the population, nearly three
individuals in four prefer to insure rather than to rely on others’ altruism. We can
therefore conclude that in the complete information case, where the individuals have
heterogeneous health risks, the altruistic concerns need to be quite substantial to
have any significant adverse effect on the insurance market.

3.2. Asymmetric information. As seen in the previous section, it is possible
that insurance markets partially fail in the presence of altruism, even when health
risks are perfectly verifiable by the insurers. Under complete information, high risk
individuals prefer to forego insurance and instead rely on the charity transfers. Sup-
pose now instead that each individual’s health risk is private information. A natural
question is then how the presence of altruism influences insurance behavior within
this information structure. In particular, we examine whether altruism worsens, or
alleviates, the adverse selection effect that arises under asymmetric information of the
traditional type (A) mentioned above. In the absence of altruism, adverse selection
potentially occurs when individuals with low health risks prefer not to insure due to
for them unfavorable contracts: insurers must offer a homogenous contract based on
the average health risk in the population in order to make up for the losses on high
risk individuals, and this may cause the insurance market to fail. In a population with
altruistic individuals and private information about health risks, we may still expect
the high risk individuals to insure unless the altruistic concerns are very strong.
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We assume that the average health risk level in society, 7, is known by everyone.
An individual with health risk p loses one unit of health with probability p.

Without altruism. As a benchmark, we first consider the case where the indi-
viduals are purely selfish, that is, when o = 0. As is well known, insurance markets
with asymmetric information may break down due to adverse selection. We maintain
the assumption of an actuarially fair insurance market, in the following precise sense.
All insurers offer full coverage, i.e., they fully cover the cost of failing ill, one unit
of health at a premium which equates the insurer’s expected revenue with expected
costs. Hence, if all individuals with a health risk p above some critical level p* buy
insurance, then the premium w has to equate the sum of premiums paid with the
sum of compensations to those who fall ill,?

w / L ) - / b (p) (27)

or, equivalently,
1-2@)w=p-2 (") . (28)

The critical risk level for buying the insurance, p*, has to make an individual with
precisely this health risk indifferent between buying and not buying the insurance,
le.,

u(l—w)y=1-p". (29)

(where we have used the normalizations % (1) = 1 and u (0) = 0). The two equations
(28) and (29) are together necessary and sufficient for insurance market equilibrium,
and they together imply the following equation:

CE) - l-uA-p)] =5 (30)
The corresponding insurance premium w* is given by equation (29), as

w=1—ut(1-p). (31)

Equations (30) and (31) together fully characterize insurance market equilibrium.
Note that one such equilibrium is that only individuals with risk 1 buy insurance at

12We assume that the fraction of those with health risk p who fall ill is exactly p, for all health
risks p.
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price 1: p* = w* = 1 satisfies both (30) and (31). This "no trade” equilibrium means
complete market break-down: no risk is eliminated from any individual. The intuition
behind this equilibrium is that if insurers expect p* = 1, i.e., that only individuals who
fall ill with probability one buy insurance, then they set the premium accordingly,
w = 1, and then, indeed, no other individuals want to buy insurance since by not
buying their health state is never worse and can be better with positive probability.

For certain utility functions and risk distributions, other equilibria exists as well.
It is never an equilibrium, however, that all individuals buy insurance. This is seen
in equation (30), which does not have p* = 0 as a solution. Hence, all other equilibria
are interior in the sense that 0 < p* < L.

Example. Returning to the special case where u(h) = vh and ® (p) = p,
equation (30) has exactly two solutions, p* = 1 and p* = 1/2, and (31) gives w* =1
and w* = 3/4, respectively. In the first equilibrium, effectively no one buys insurance,
while in the second half the population (those with health risk above one half) buys
insurance at a premium of 3/4.

With altruism. We now return to the case where all individuals have altruistic
preferences - the same for all. Like in the complete information case, each insured
individual will end up in the same health state, 1 — w, before making any transfer.
Consequently, all insured individuals will in equilibrium make the same transfer to
the uninsured ill, {p > 0. Similarly, all uninsured healthy individuals will make
the same transfer {4 > 0. Hence, if both the insured and uninsured would give
positive transfers, they would end up in the same health state, as givers, just as in
the homogeneous case in section two (see first-order condition (20)). This cannot be
an equilibrium: it would be profitable for the uninsured to defect by buying insurance
and thereby eliminating the risk of getting ill and thus become a transfer recipient.
So either only the insured, or only the uninsured lucky, or no-one, give transfers.
The first case is excluded, however, since the insured will have a lower health level,
1 — w, than the uninsured lucky, whose health level is 1. Hence, if the former have
an incentive to give transfers then so do the latter, once they have learned their own
health state. Thus only two possibilities remain: either only the uninsured lucky give
transfers, or no one gives transfers. The latter case is not possible, however, since it
presupposes that all individuals buy insurance, which is not an equilibrium, due to
the adverse selection effect, see preceding subsection.

In sum: the only possible subgame perfect equilibrium is that all individuals with
health risk above some critical risk level p* buy insurance, and those with health
risk below p* do not, and, once the health states have been known, the uninsured
health give some transfer, {4, to the uninsured ill. The resulting health level for the
uninsured healthy is kg, and that of the transfer recipients h¢, where we now have
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[1-2@E)|w=p-¥ (), (32)
U-l (h,G) = au' (hc) s (33)

and, if 0 < p* < 1:1°
w(l—w)=(1-p)u(hg)+pulhc) . (34)

With n® (p*) uninsured individuals, the number of ill individuals will be n¥ (p*).
The resulting balance equation for transfers is n¥ (p*)he = T, where the total
amount of transfers to the ill, T, is given by

T = n(l— hg) /Op* (1= p)dd (p) . (35)

The transfer-balance condition can be written

U (p*) he = (1 —he)[2(p") — ¥ (p)] . (36)

We thus have five equations in equally many unknown, p*, w, hg, he, and T, char-
acterizing all interior solutions (i.e. with 0 < p* < 1)

What about corner solutions, i.e., solution where either everyone buys insurance
(p* = 0) or no-one buys insurance (p* = 1)? We know from the previous subsection
that the first possibility is incompatible with equilibrium due to the asymmetry of
information; the premium is too high for individuals with the lowest health risks.
What about the opposite extreme case, which, after all, was an equilibrium outcome
in the absence of altruism?

Suppose p* = 1. Then the insurance premium is maximal, w = 1. and hence
the necessary condition u (1 —w) < u (he) is met, for any positive transfer to the
uninsured ill. It remains to find a pair of health levels (h¢, he) that satisfy equations
(33) and equation (36), which now boils down to

phe =(1=p)(1—he) . (37)

13For p* = 0, the equality sign in (34) should be replaced by >, and for p* =1 by <.
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These two equations together imply the following fixed-point equation in h¢:

he = (1/p— 1) (1 — () o (he)]) (38)

The right-hand side is continuously decreasing in h¢, from 1/p — 1 to minus infinity.
Hence, there exists exactly one subgame perfect equilibrium with p* = 1, i.e.,, in
which the insurance market collapses. What about other equilibria. We return to the
previous example.

Example. Consider again the special case where u (h) = v/h and ® (p) = p. The
five equations characterizing all interior solutions then are:

2w=1+p*

hc = Ck2hG

w=1-[(1-p")Vhe+p'Vhc : (39)
T'=n(l-he)(1—-p'/2)p

phe = (1 —ha)(2—p")

These equations imply the following fixed-point equation in p*:

(1—p*)(2—p*+a?p)
*=14ap — . 40
P + ap \/ o (40)

Figure 5 below shows this fixed point equation for two cases with positive altruism
values, as well as for the case without altruism.
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Figure 5: The fixed-point equation for oz = 0 (dotted), & = 0.1 (solid), & = 0.2 (dashed).
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Any solution to this equation determines uniquely all the other four variables via
(39). Note that for all a-values in an interval from zero to some value & ~ 0.16, there
exists two interior solutions, see Figure 6 below. As a@ — 0, both interior equilibria
approach the two equilibria in the absence of altruism (p* = 1/2 and p* = 1). For
o = &, the two interior equilibria collapse to one, and for o > & there exists no interior
equilibrium. For such high values of , the insurance market collapses completely.
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Figure 6: The equilibrium correspondence.

Also note that, as a increases from 0 to @, the two interior solutions move closer
to each other. In other words: altruism in this range splits the interior equilibrium
into two, both with less insurance than in the "good” equilibrium without altru-
ism (p* = 1/2 when o = 0). In this somewhat complex sense, altruism does not
mitigate the adverse selection effect, but reinforces it. The presence of altruism re-
duces the "punishment” when falling ill uninsured, and hence dilutes the incentive to
buy insurance. We conjecture that the “middle” equilibrium is unstable in plausible
out-of-equilibrium dynamics in the insurance markets.

4. APPENDIX
A more profound model of altruism is to let individuals care about others’ altruistic
concern for others, etc. in an infinite regress. More specifically, suppose

i =u (hz) + ,",’7’2 U;
i
for some 3 € (0,1). Addition of all n individuals’ total utilities gives

n

Zn: U, = Zu (h))+(n—=1)8 i:Ui
=1 =1

i=1
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and hence
Z[ 1+(n—1)BZu (1)

Consequently,
U, =u(h BU; +
(hi) — 1) 5 Z

or, equivalently,

1

T —
Ui 1+ 8

14+ng
TFronae Mt /3; (h9)

For fixed n, this is mathematically equivalent to the model in the main text, if we set

8
T 1408

Note, however, that now we have & — 0 as n — oc, for any fixed 3, a relevant concern
for the limit considerations in the paper.
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Non-reciprocal altruism in dictator games

MAGNUS JOHANNESSON AND BJORN PERSSON*
STOCKHOLM ScHOOL OF EcoNoMICS

ABSTRACT. We carry out a double blind dictator game experiment
where the anonymous recipients are randomly drawn {rom the Swedish general
population, and any donations are mailed to the recipients. About a third of
the subjects donate some money.

1. INTRODUCTION
In dictator games, a dictator divides a sum of money between himself and a recipi-
ent that must accept the allocation. The standard game theoretic model of payoff-
maximization predicts that the dictator will keep all the money himself and leave
nothing to the recipient. This prediction has been refuted in numerous experiments
(e.g. Kahnemann, Knetsch and Thaler, [1986]; Forsythe et al., [1994]).

A possible explanation for the deviations from payoff-maximization in dictator
games is that subjects have a taste for altruism or fairness. This explanation has,
however, been disputed by, among others, Hoffman et al. [1994] and Hoffman, Mec-
Cabe and Smith [1996]. They argued that a main motivation for positive donations in
dictator games may be expectations of reciprocity, i.e. by donating some money the
subject expects to gain in future interactions with the experimenter, the recipient, or
others who know the dictator’s decision. They hypothesized that by increasing the
social distance between the dictator and the experimenter donations would decrease.
This was tested using a double blind experimental design where the decision of each
dictator would be anonymous both towards other subjects in the experiment and
towards the experimenter. The double blind procedure significantly decreased the
proportion of subjects that donated anything to 36 percent and the average donation
to 9 percent of the amount allocated. Subsequent experiments with the same double
blind design have yielded similar results with average donations ranging between 8
percent and 16 percent of the amount allocated (Eckel and Grossman, [1996], [1998]).

Although the double blind experimental design decreased donations, about a third
of the subjects still donated some money to the recipients. The reciprocity between
the dictator and the recipient may, however, not have been completely removed with
the double blind procedure. The student subjects acting as dictators can infer that
the anonymous person is someone like themselves participating in the experiment.

*We thank an anonymous referee for comments.
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Therefore, they may not believe that anonymity can be completely guaranteed. This
was also suggested as a possible explanation for the remaining level of donations in
the experiment by Hoffman, McCabe and Smith [1996].

In this experiment we increase the social distance between the dictators and the
recipients by randomly drawing recipients from the adult general population in Swe-
den. If money is donated, it is mailed to the recipients, who are unaware that they are
participating in the experiment. This design guarantees anonymity between dictators
and recipients and removes any possible remaining reciprocity in the double blind de-
sign used by Hoffman et al. [1994]. If donations in dictator games are motivated
solely by reciprocity, donations should therefore drop to zero with this experimental
treatment. We also replicate the standard double blind procedure used in recent
dictator game experiments (Hoffman et al., [1994]; Hoffman, McCabe and Smith,
[1996]; Eckel and Grossman, [1996],[1998]). The null hypothesis we test is that the

distribution of donations does not differ between the two experimental treatments.

2. EXPERIMENTAL DESIGN

2.1. Double blind standard procedure. In this experiment thirty subjects are
recruited to room A (the dictator room) and twenty-nine subjects are recruited to
room B (the recipient room). The subjects are paid a SEK 50 show up fee, and
asked to sit at assigned seats positioned to keep subjects as separate as possible
(SEK=Swedish crowns; Exchange rate June 1999 $1=SEK 8.50). Before the exper-
iment starts the subjects are reminded that there should be no talking during the
experiment. The subjects are given the experimental instructions that are read aloud
by the experimenter. A monitor is chosen in the dictator room and he/she con-
ducts the experiment and verifies that the procedures are followed as described in the
instructions.

Twenty-nine envelopes are randomly distributed to the dictators by the monitor.
Twenty-seven envelopes contain five SEK 20 bills and five slips of paper of the same
size and the remaining two envelopes contain ten slips of paper. The envelopes with
ten slips of paper are included as an additional guarantee of anonymity, since even
if no dictator donates any money to the recipients the decision of a single dictator
cannot be inferred by the dictator. In private behind a screen, dictators remove five
units from the envelope (bills or slips of paper), seal the envelope and then drop
it in a box and leave the room. The box with the twenty-nine sealed envelopes is
taken by the monitor to room B and the envelopes are randomly distributed to the
recipients. The envelopes are opened and the contents are recorded by the monitor.
The recipients are given the contents of each envelope and leave the room. The
experiment is then over. The procedure is the same as the design used by Hoffman

et al. [1994], Hoffman, McCabe and Smith [1996] and Eckel and Grossman [1996],
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[1998], with some modifications.! We carried out one session of this experiment.?

Subjects were recruited among undergraduate business and economics students at
the Stockholm School of Economics.

2.2. Double-blind with randomly drawn recipients from the general pop-
ulation. In this experiment thirty subjects are recruited to a room. The subjects
are paid a SEK 50 show up fee, and asked to sit at assigned seats positioned to
keep subjects as separate as possible. Before the experiment starts the subjects are
reminded that there should be no talking during the experiment. The subjects are
given the experimental instructions that are read aloud by the experimenter. A mon-
itor is chosen and he/she conducts the experiment and verifies that the procedures
are followed as described in the instructions.

Twenty-nine envelopes are randomly distributed to the dictators by the monitor.
Twenty-seven envelopes contain five SEK 20 bills and five slips of paper of the same
size and the remaining two envelopes contain ten slips of paper. In private behind
a screen, dictators remove five units from the envelope (bills or slips of paper), seal
the envelope and then drop it in a box and leave the room. The monitor is given a
box with twenty-nine stamped and addressed envelopes. Each envelope in the box
has been provided with the address to a randomly selected person in the Swedish
population between the ages 18-74 years, who does not know that he/she has been
randomly selected for the experiment.® The monitor chooses one addressed envelope
and one envelope from the box with the dictators’ envelopes. The dictator envelope is
opened by the monitor and its contents recorded. If the envelope contains any money,
the monitor puts the money in the addressed envelope and seals the envelope. If the
envelope does not contain any money, the monitor discards the addressed envelope.
The monitor continues until all the envelopes have been opened. The monitor then
takes the sealed envelopes with money in and, together with the experimenter, goes

1We use a larger group size (thirty subjects rather than fifteen in the dictator room). Another
difference is that the amount allocated to the dictators in the previous experiments was $10, whereas
it was SEK 100 ($12.5) in this experiment. The use of SEK rather than US dollars also means that
the possible divisions of the money will differ. In the previous experiments ten one dollar bills were
used, whereas we used five SEK 20 hills {(SEK 20 is the smallest denomination of bills in Sweden).

“Since six subjects did not arrive on time in the dictator group the number of subjects was twenty-
four rather than thirty in the dictator room. The number of subjects was accordingly reduced to
twenty-three in the recipient room.

3The random sample of recipients was provided by a survey research firm (SEMA-Gruppen).
They provided a random sample of all persons registered in Sweden in the ages 18-74 years (drawn
from SPAR, the person and address register of the state). The only individuals excluded from the
random draw were individuals with ”protected addresses” (due (o that they are exposed to some
threat) which is very uncommon (about 0.01% of the population), and persons thal have asked to
be excluded from all direct mail advertising (about 2% of the population).
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to a mailbox and mails the envelopes. The experiment is then over. The exact
instructions for this experiment are reproduced in the Appendix. We carried out two
sessions of this experiment. Dictators were recruited among undergraduate business
and economics students at the Stockholm School of Economics.

3. RESULTS
The results are summarized in Table 1, showing the percent of decisions for each
amount donated.

Table 1: Percent of decisions for each amount donated

Amount donated Double blind Double blind
standard randomly drawn
SEK 0 66.66 68.52
SEK 20 14.29 22.22
SEK 40 14.29 5.56
SEK 60 0.00 3.70
SEK 80 0.00 0.00
SEK 100 4.76 0.00

Average donation (STD) SEK 13.33 (24.77) SEK 8.89 (15.38)

Number of observations 21 54

In the double blind standard procedure 33.34 percent of the dictators donate some
money and the mean donation is SEK 13.33 (13.33 percent of the amount allocated to
the dictators). In the other experimental group with randomly drawn recipients from
the general population 31.48 percent of the dictators donate some money and the
mean donation is SEK 8.89 (8.89 percent of the amount allocated to the dictators).

96



Non-reciprocal altruism in dictator games

Table 2 contains results from six statistical tests.

Table 2: Statistical test results

Test description P—value
t-test of equal donation 0.45
t-test of equal donation, conditional on giving 0.33
Chi-square test of equal medians 0.88

Chi-square contingency table test that
donations are independent of the experimental group 0.26

Chi-square contingency table test that, conditional on
giving, donations are independent of the experimental group 0.16

Mann-Whitney test of donations distributions 0.70

Mann-Whitney test of donations distributions,
conditional on giving 0.24

Kolmogorov-Smirnov test of donation distributions 0.99

Kolmogorov-Smirnov test of donation distributions,
conditional on giving 0.84

Logit analysis of probability donating 0.88

We carry out the tests both for the entire distributions of donations and the
distributions conditional on giving (donating something). We fail to reject the null
hypothesis of no difference between the experimental groups at the 10 percent level
for all the statistical tests.

4. CONCLUDING REMARKS
In our dictator experiment according to the standard double blind procedure about a
third of the dictators made positive donations, and the mean donation was 13 percent
of the total amount allocated. This result is similar to the results of previous studies
in the US with the same design, where the mean donation has ranged between 8
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percent and 16 percent of the amount allocated (Hoffman et al, [1994]; Hoffman,
MecCabe and Smith, [1996]; Eckel and Grossman [1996], [1998]).

We also introduced a variation in the double blind design to remove any remaining
reciprocity between the dictators and recipients. The anonymous recipients were
randomly drawn from the Swedish general population and any donations were mailed
to the recipients. Also with this experimental treatment about a third of the dictators
made positive donations. The mean donation was 9 percent of the total amount
allocated, which is slightly lower than with the standard double blind procedure.
This difference was, however, not statistically significant and we could not reject the
null hypothesis of no difference between the experimental groups.

We conclude that after removing any possible reciprocity between dictators and
recipients, about one third of the dictators still deviated from the standard assump-
tion of pure selfishness and donated some money. We interpret this as evidence of
other-regarding behavior not motivated by reciprocity.

5. APPENDIX

Instructions for ”double-blind with randomly drawn recipients from the
general population”

You have been asked to participate in an economics experiment. We have paid
you SEK 50 in cash for your participation. You may also earn an additional amount
of money during the experiment.

In this experiment each of you will be paired with a different person who has been
randomly selected from the Swedish population between the ages 18-74 vears. You
will not be told who these people are, either during or after the experiment. You will
notice that there are other people in the room with you who are also participating in
the experiment. You will not be paired with any of these people.

One of you will be chosen to be the monitor for the experiment. The monitor will
be paid SEK 100 in addition to the SEK 50 already paid. The monitor will be in
charge of the envelopes as explained below. In addition the monitor will verify that
the instructions have been followed as they appear here.

The experiment is conducted as follows: Twenty-nine unmarked envelopes have
been placed in a box. Twenty-seven of these envelopes contain five SEK 20 bills and
five blank slips of paper of the same size. The remaining two envelopes contain ten
blank slips of paper. The monitor will call one person at a time and hand each person
an envelope from the box. The person who was called will take the envelope and go
behind the screen at the end of the room. The envelope will then be opened privately
behind the screen.

Each person in room A must decide how many bills and how many slips of paper
to leave in the envelope. The number of bills plus the number of slips of paper must
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add up to five. The person then pockets the remaining dollar bills and slips of paper.
Example: (1) Leave SEK 20 and four slips of paper in the envelope and pocket SEK
80 and one slip of paper; (2) Leave SEK 60 and two slips of paper in the envelope
and pocket SEK 40 and three slips of paper. These are examples only; the actual
decision is up to each person. Also note that no one else, including the experimenter,
will know the personal decision made by each person.

Once you have made your decision you will seal the envelope behind the screen
and then place it in the box at the front marked "return envelopes”. You may then
leave the room.

After all twenty-nine envelopes have been returned the monitor will be given
another box. This box is marked "addresses” and contains twenty-nine stamped
envelopes. Each envelope has been provided with the address to a randomly selected
person in the Swedish population between the ages 18-74 years. This person does not
know that he/she has been randomly selected for the experiment. In each envelope
there is also a letter that describes this experiment. The monitor will then choose one
envelope from the box with "return envelopes” and one envelope from the box with
"addresses”. The monitor will then open the envelope from the box with "return
envelopes” and record its contents. If the envelope contains any money the monitor
will put the money in the envelope from the box with ”addresses” and seal the
envelope. If the envelope does not contain any money the addressed envelope will be
discarded, i.e. it will not be mailed to the randomly selected person in the population.
The monitor will continue until all the envelopes have been opened. The monitor will
then take the sealed envelopes with money in and together with the experimenter go
to the closest mailbox and mail the envelopes. The experiment is then over.
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