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It is often argued that cost-sharing—charging a subsidized, positive price—
for a health product is necessary to avoid wasting resources on those who will
not use or do not need the product. We explore this argument through a field ex-
periment in Kenya, in which we randomized the price at which prenatal clinics
could sell long-lasting antimalarial insecticide-treated bed nets (ITNs) to pregnant
women. We find no evidence that cost-sharing reduces wastage on those who will
not use the product: women who received free ITNs are not less likely to use them
than those who paid subsidized positive prices. We also find no evidence that cost-
sharing induces selection of women who need the net more: those who pay higher
prices appear no sicker than the average prenatal client in the area in terms of
measured anemia (an important indicator of malaria). Cost-sharing does, how-
ever, considerably dampen demand. We find that uptake drops by sixty percentage
points when the price of ITNs increases from zero to $0.60 (i.e., from 100% to 90%
subsidy), a price still $0.15 below the price at which ITNs are currently sold to
pregnant women in Kenya. We combine our estimates in a cost-effectiveness anal-
ysis of the impact of ITN prices on child mortality that incorporates both private
and social returns to ITN usage. Overall, our results suggest that free distribution
of ITNs could save many more lives than cost-sharing programs have achieved so
far, and, given the large positive externality associated with widespread usage of
ITNs, would likely do so at a lesser cost per life saved.
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I. INTRODUCTION

Standard public finance analysis implies that health goods
generating positive externalities should be publicly funded, or
even subsidized at more than 100% if the private nonmonetary
costs (such as side effects) are high. Although this analysis ap-
plies to goods whose effectiveness is independent of the behavior
of the recipients (e.g., vaccines, deworming pills administered
to schoolchildren), it does not necessarily apply to goods that
require active usage (adherence) by their owner for the public
health benefits to be realized (e.g., bed nets for reduced malaria
transmission, pit latrines for reduced water contamination).
For such goods, charging nonzero prices (“cost-sharing”) could
improve the efficacy of public subsidies by reducing wastage from
giving products to those who will not use them. There are three
possible effects of positive prices on the likelihood that people who
acquire the product use it appropriately. First, a selection effect:
charging a positive price could select out those who do not value
the good and place it only in the hands of those who are likely to
use it (Oster 1995; Population Services International [PSI] 2003;
Ashraf, Berry, and Shapiro forthcoming). Second, a psychological
effect: paying a positive price for a good could induce people to use
it more if they exhibited “sunk cost” effects (Thaler 1980; Arkes
and Blumer 1985). Third, higher prices may encourage usage if
they are interpreted as a signal of higher quality (Bagwell and
Riordan 1991; Riley 2001).

Although cost-sharing may lead to higher usage intensity
than free distribution, it may also reduce program coverage by
dampening demand. A number of experimental and field studies
indicate that there may be special psychological properties to zero
financial price and that demand may drop precipitously when the
price is raised slightly above zero (Ariely and Shampan’er 2007;
Kremer and Miguel 2007). Beyond reducing demand, selection
effects are not straightforward in the context of credit and cash
constraints: if people who cannot afford to pay a positive price
are more likely to be sick and need the good, then charging a pos-
itive price would screen out the neediest and could significantly
reduce the health benefits of the partial subsidy.

In the end, the relative benefits of various levels of subsidiza-
tion of health products depend on a few key factors: (1) the elastic-
ity of demand with respect to price, (2) the elasticity of usage with
respect to price (which potentially includes selection, psychologi-
cal, and signaling effects), (3) the impact of price variation on the
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vulnerability (i.e., need) of the marginal consumer, and, finally,
(4) the presence of nonlinearities or externalities in the health
production function.1

This paper estimates the first three parameters and explores
the trade-offs between free distribution and cost-sharing for a
health product with a proven positive externality: insecticide-
treated bed nets (ITNs). ITNs are used to prevent malaria
infection and have proven highly effective in reducing maternal
anemia and infant mortality, both directly for users and indirectly
for nonusers with a large enough share of users in their vicinity.
The manufacture of ITNs is expensive, and the question of how
much to subsidize them is at the center of a very vivid debate in
the international community, opposing proponents of free distri-
bution (Sachs 2005; World Health Organization [WHO] 2007) to
advocates of cost-sharing (PSI 2003; Easterly 2006).

In a field experiment in Kenya, we randomized the price at
which 20 prenatal clinics could sell long-lasting ITNs to preg-
nant women. Four clinics served as a control group and four price
levels were used among the other 16 clinics, ranging from 0 (free
distribution) to 40 Kenyan shillings (Ksh) ($0.60). ITNs were thus
heavily subsidized, with the highest price corresponding to a 90%
subsidy, comparable to the subsidies offered by the major cost-
sharing interventions operating in the area and in many other
malaria-endemic African countries. To check whether women who
need the ITN most are willing to pay more for it, we measured
hemoglobin levels (a measure of anemia and an important indi-
cator of malaria in pregnancy) at the time of the prenatal visit.
To estimate the impact of price variation on usage, we visited a
subsample of women at home a few months later to check whether
they still had the nets and whether they were using them.

The relationship between prices and usage that we estimate
based on follow-up home visits is the combined effect of selection
and sunk cost effects.2 To isolate these separate channels, we

1. There are other potential channels from the price of a health product to its
health impact. For example, the price could influence how the product is cared for
(e.g., a more expensive bed net could be washed too frequently, losing the efficacy of
its insecticide) or could have spillover effects to other health behaviors. We focus on
the four channels described because these are most commonly cited in the debate
over pricing of public health products and likely to have first-order impacts on the
relationship between prices and health outcomes.

2. The correlation between prices and usage is also potentially the product of
signaling effects of prices, but this is unlikely in our context. Qualitative evidence
suggests that the great majority of households in Kenya know that ITNs are
subsidized heavily for pregnant women and young children and that the “true”
price of ITNs (i.e., the signal of their value) is in the $4–$6 range. This is likely
due to the fact that retail shops sell unsubsidized ITNs at these prices.
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follow Karlan and Zinman (forthcoming) and Ashraf, Berry, and
Shapiro (forthcoming) and implement a randomized two-stage
pricing design. In clinics charging a positive price, a subsample
of women who decided to buy the net at the posted price were
surprised with a lottery for an additional discount; for the women
sampled for this second-stage lottery, the actual price ranged
from 0 to the posted price. Among these women, any variation
in usage with the actual price paid should be the result of
psychological sunk cost effects. Taken together, both stages of this
experimental design enable us to estimate the relative merits of
free distribution and varying degrees of cost-sharing on uptake,
selection and usage intensity.

We find that uptake of ITNs drops significantly at modest cost-
sharing prices. Demand drops by 60% when the price is increased
from zero to 40 Ksh ($0.60). This latter price is still 10 Ksh ($0.15)
below the prevailing cost-sharing price offered to pregnant women
through prenatal clinics in this region. Our estimates suggest that
of 100 pregnant women receiving an ITN under full subsidy, 25 of
them would purchase an ITN at the prevailing cost-sharing price.

Given the very low uptake at higher prices, the sample of
women for which usage could be measured is much smaller than
the initial sample of women included in the experiment, limiting
the precision of the estimates of the effect of price on usage. Keep-
ing this caveat in mind, we find no evidence that usage intensity is
increasing with the offer price of ITNs. Women who paid the high-
est price were slightly more likely (though without statistical sig-
nificance) to be using the net than women who received the net for
free, but at intermediate prices the opposite was true, showing no
clear relationship between the price paid and probability of usage,
as well as no discontinuity in usage rates between zero and posi-
tive prices. Further, when we look only at women coming for their
first prenatal care visits (the relevant long-run group to consider),
usage is highest among women receiving the fully subsidized net.
Women who received a net free were also no more likely to have
resold it than women paying higher prices. Finally, we did not ob-
serve a second-hand market develop. Among both buyers of ITNs
and recipients of free ITNs, the retention rate was above 90%.

The finding that there is no overall effect of ITN prices on us-
age suggests that potential psychological effects of prices on usage
are minor in this context, unless they are counteracted by oppo-
site selection effects, which is unlikely. The second-stage random-
ization enables us to formally test for the presence of sunk-cost
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effects (without potentially confounding selection effects) and
yields no significant effect of the actual price paid (holding the
posted price constant) on usage. This result is consistent with a
recent test of the sunk-cost fallacy for usage of a water purification
product in Zambia (Ashraf, Berry, and Shapiro forthcoming).

In order to explore whether higher prices induce selection of
women who need the net more, we measured baseline hemoglobin
levels (anemia rates) for women buying/receiving nets at each
price. Anemia is an important indicator of malaria, reflecting re-
peated infection with malaria parasites, and is a common symp-
tom of the disease in pregnant women in particular. We find that
prenatal clients who pay positive prices for an ITN are no sicker,
at baseline, than the clients at the control clinics. On the other
hand, we find that recipients of free nets are healthier at baseline
than the average prenatal population observed at control clinics.
We suspect this is driven by the incentive effect the free net had
on returning for follow-up prenatal care before the benefits of the
previous visit (e.g., iron supplementation) had worn off.

Taken together, our results suggest that cost-sharing ITN
programs may have difficulty reaching a large fraction of the pop-
ulations most vulnerable to malaria. Although our estimates of
usage rates among buyers suffer from small-sample imprecision,
effective coverage (i.e., the fraction of the population using a pro-
gram net) can be precisely estimated and appears significantly
(and considerably) higher under free distribution than under a
90% subsidy. In other words, we can confidently reject the possi-
bility that the drop in demand induced by higher prices is offset
by an increase in usage. Because effective coverage declines with
price increases, the level of coverage under cost-sharing is likely
to be too low to achieve the strong social benefits that ITNs can
confer. When we combine our estimates of demand elasticity and
usage elasticity in a model of cost-effectiveness that incorporates
both private and social benefits of ITNs on child mortality, we
find that for reasonable parameters, free distribution is at least
as cost-effective as partially but still highly subsidized distribu-
tion, such as the cost-sharing program for ITNs that was under
way in Kenya at the time of this study. We also find that, for the
full range of parameter values, the number of child lives saved is
highest when ITNs are distributed free.

Our results have to be considered in their context: ITNs
have been advertised heavily for the past few years in Kenya,
both by the Ministry of Health and by the social-marketing
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nongovernmental organization Population Services International
(PSI); pregnant women and parents of young children have been
particularly targeted by the malaria prevention messages; and
most people (even in rural areas) are aware that the unsubsi-
dized price of ITNs is high, thus reducing the risk that low prices
through large subsidies are taken as a signal of bad quality. Our
results thus do not speak to the debate on optimal pricing for
health products that are unknown to the public.

But if widespread awareness about ITNs explains why price
does not seem to affect usage among owners, it makes the price
sensitivity we observe all the more puzzling. Although large ef-
fects of prices on uptake have been observed in other contexts,
they were found for less well-known products, such as deworming
medication (Kremer and Miguel 2007) and contraceptives (Harvey
1994). Given the high private returns to ITN use and the absence
of a detected effect of price on usage, the price sensitivity of de-
mand we observe suggests that pregnant women in rural Kenya
are credit- or saving-constrained.

The remainder of the paper proceeds as follows. Section II
presents the conceptual framework. Section III provides back-
ground information on ITNs and describes the experiment and
the data. Section IV describes the results on price elasticity of
demand, price elasticity of usage, and selection effects on health.
Section V presents a cost-effectiveness analysis, and Section VI
concludes.

II. A SIMPLE MODEL OF PIGOUVIAN SUBSIDIES

This section develops a simple model to highlight the parame-
ters that must be identified by the experiment to determine the op-
timal subsidy level. Assume that ITNs have two uses: a health use,
when the net is hung, and a nonhealth use, for which the net is not
hung.3 Nonhealth uses could be using the net for fishing, or simply
leaving it in its bag for later use, for example, when a previous net
wears out. Health use of the ITNs generates positive health ex-
ternalities but nonhealth uses do not. Purchasing a net for health
or nonhealth purposes costs the same to the household. The price
of a net to a household is the marginal cost C minus a subsidy T.

We call h the number of nets used for health purposes and n
the number of nets used for nonhealth purposes. The household

3. We thank an anonymous referee for suggesting this formalization.
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utility is U = u(h) + v(n) − (C − T )(h + n) + kH, where u(h) is the
utility from having hanging nets, with u′ ≥ 0 and u′′ ≤ 0; v(n) is
the utility from nonhanging nets, with v′ ≥ 0 and v′′ ≤ 0; H is the
average number of nets used for health purposes per household;
and the constant k represents the positive health externality.4

When choosing how many nets to invest in, the household
ignores the health externality and chooses h and n such that
u′(h) = v′(h) = C − T . Increasing the size of the subsidy T in-
creases households’ investment in nets for health use, and thus
the health externality. Because the subsidy is common for all nets,
however, increasing T might also affect households’ investment in
nets for nonhealth use. Call N the average number of nets used
for nonhealth purposes per household. The marginal cost of in-
creasing the health externality is T × [d(H + N)/dT], whereas
the marginal benefit is only k × (dH/dT). The efficient subsidy
level is the level that equates the marginal cost of increasing the
externality to the marginal benefit of increasing it:

T = [k × (dH/dT )]/[d(H + N)/dT ].

If N does not respond to the subsidy (dN/dT = 0), the optimal sub-
sidy is k, the level of the externality, as in Pigou’s standard theory.
But if subsidizing H distorts the amount of N consumed upward,
the optimal subsidy is lower than the level of the externality. The
gap between the level of the externality and the optimal subsidy
level will depend on how sensitive the hanging of nets is to price,
relative to total ownership of nets. In other words, what we need
to learn from the experiment is the following: when we increase
the price, by how much do we reduce the number of hanging nets
(nets put to health use), and how does it compare to the reduction
in the total number of nets acquired?

This simple model could be augmented to incorporate imper-
fect information (for the household) on the true returns to hanging
nets, especially on the relative curvature of u(.) and v(.). The lack
of information could be on the effectiveness or the quality of ITNs.
In this context, households could use the subsidy level as a signal
of effectiveness or quality (i.e., if households interpret the size of
the subsidy as the government’s willingness to pay to increase
coverage and thus as a measure of the net’s likely effectiveness).

4. For simplicity we assume that the positive health externality is linear in the
share of the population that is covered with a net. In reality the health externality
for malaria seems to be S-shaped.
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In such a case, subsidizing H would distort the amount of N con-
sumed downward, and the optimal subsidy would be greater than
the level of the externality. Alternatively, households could lack in-
formation on the nonmonetary transaction cost of hanging the net
and underestimate this cost when they invest in nets for health
use. Once households realize how much effort is required to hang
the net (hanging it every evening and dehanging it every morn-
ing can be cumbersome for households that sleep in their living
rooms), they might decide to reallocate a net from health use to
nonhealth use. Households that suffer from the sunk-cost fallacy,
however, would be less likely to reallocate a net from health use to
nonhealth use if they had to pay a greater price for the net. This
could be formalized, for example, by adding an effort cost in the
function u(.), and assuming that the disutility of the effort needed
to hang the net is weighted by the relative importance of the non-
monetary cost (effort) in the total cost of the net (nonmonetary
cost + monetary cost). Increasing the subsidy level (decreasing
the price) would then increase the disutility of putting forth effort
to hang the net and increase the likelihood that households do
not use the net. This sunk cost effect would lead to an upward
distortion of N, and imply a subsidy level lower than the level of
the externality.

For a quick preview of our findings, Figure I plots the demand
curve and the “hanging curve” observed in our experiment. The
slope of the top curve is an estimate of −d(H + N)/dT and the
slope of the bottom curve estimates −dH/dT. We find no system-
atic effect of the price on the ratio of these two slopes. When the
price decreases from 10 Ksh to 0, the ratio of hanging nets to ac-
quired nets actually increases, suggesting that the full subsidy (a
price of zero) distorts the demand for nonhanging nets downward.
However, at higher price levels, the effect of changing the subsidy
is different. The ratio increases when the price decreases from
40 to 20 Ksh and from 20 to 10 Ksh. Overall, however, the ratio
remains quite close to 1 over the price range we study.

III. BACKGROUND ON ITNS AND EXPERIMENTAL SETUP

III.A. Background on Insecticide-Treated Nets

ITNs have been shown to reduce overall child mortality by
at least 20% in regions of Africa where malaria is the leading
cause of death among children under five (Lengeler 2004). ITN
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FIGURE I
Ownership vs. Effective Coverage

Sample includes women sampled for baseline survey during clinic visit, and
who either did not acquire an ITN or acquired one and were later randomly sam-
pled for the home follow-up. Usage of program ITN is zero for those who did not
acquire a program ITN. Error bars represent ±2.14 standard errors (5% confidence
interval with fourteen degrees of freedom). At the time this study was conducted,
ITNs in Kenya were social-marketed through prenatal clinics at a price of 50 Ksh.

coverage protects pregnant women and their children from the
serious detrimental effects of maternal malaria. In addition, ITN
use can help avert some of the substantial direct costs of treatment
and the indirect costs of malaria infection on impaired learning
and lost income. Lucas (forthcoming) estimates that the gains
to education from a malaria-free environment alone more than
compensate for the cost of an ITN.

Despite the proven efficacy and increasing availability of
ITNs on the retail market, the majority of children and preg-
nant women in sub-Saharan Africa do not use ITNs.5 At $5–$7
a net (US$ in PPP), they are unaffordable to most families,
and so governments and NGOs distribute ITNs at heavily sub-
sidized prices. However, the price that is charged for the net

5. According to the World Malaria Report (2008), which compiled results from
surveys in 18 African countries, 23% of children and 27% of pregnant women sleep
under ITNs.
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varies greatly by the distributing organization, country, and
consumer.

The failure to achieve higher ITN coverage rates despite re-
peated pledges by governments and the international community
(such as the Abuja Declaration of 2000) has put ITNs at the cen-
ter of a lively debate over how to price vital public health prod-
ucts in developing countries (Lengeler et al. 2007). Proponents
of cost-sharing ITN distribution programs argue that a positive
price is needed to screen out people who will not use the net,
and thus avoid wasting the subsidy on nonusers. Cost-sharing
programs often have a “social marketing” component, which uses
mass media communication strategies and branding to increase
the consumer’s willingness to pay (Schellenberg et al. 2001; PSI
2003). The goal is to shore up demand and usage by making the
value of ITN use salient to consumers. Proponents of cost-sharing
programs also point out that positive prices are necessary to en-
sure the development of a commercial market, considered key to
ensuring a sustainable supply of ITNs.

Proponents of full subsidization argue that, although the pri-
vate benefits of ITN use can be substantial, ITNs also have impor-
tant positive health externalities deriving from reduced disease
transmission.6,7 In a randomized trial of an ITN distribution pro-
gram at the village level in western Kenya, the positive impacts of
ITN distribution on child mortality, anemia, and malaria infection
were as strong among nonbeneficiary households within 300 me-
ters of beneficiary villages as they were among households in the
beneficiary villages themselves (Gimnig et al. 2003).8 Although
ITNs may have positive externalities at low levels of coverage (e.g.,
for unprotected children in the same household), it is estimated
that at least 50% coverage is required to achieve strong com-
munity effects on mortality and morbidity (Hawley et al. 2003).
To date, no cost-sharing distribution program is known to have
reached this threshold (WHO 2007).

6. The external effects of ITN use derive from three sources: (1) fewer
mosquitoes due to contact with insecticide, (2) reduction in the infective mosquito
population due to the decline in the available blood supply, and (3) fewer malaria
parasites to be passed on to others.

7. The case for fully subsidizing ITNs has also been made on the basis of
the substantial costs to the government of hospital admissions and outpatient
consultations due to malaria (Evans et al. 1997).

8. In a similar study in Ghana, Binka, Indome, and Smith (1998) find that
child mortality increases by 6.7% with each 100-meter shift away from the nearest
household with an ITN.
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III.B. Experimental Setup

The experiment was conducted in twenty communities in
western Kenya, spread across four districts: Busia, Bungoma,
Butere, and Mumias. Malaria is endemic in this region of Kenya:
transmission occurs throughout the year with two peaks cor-
responding to periods of heavy rain, in May/June/July and
October/November. In two nearby districts, a study by the CDC
and the Kenyan Medical Research Institute found that pregnant
women may receive as many as 230 infective bites during their
forty weeks of gestation, and as a consequence of the high re-
sulting levels of maternal anemia, up to a third of all infants are
born either premature, small for gestational age, or with low birth
weight (Ter Kuile et al. 2003).

The latest published data on net ownership and usage avail-
able for the region come from the Kenya Demographic and Health
Survey of 2003. It estimated that 19.8% of households in Western
Kenya had at least one net and 6.7% had a treated net (an ITN);
12.4% of children under five slept under a net and 4.8% under an
ITN; 6% of pregnant women slept under a net the night before
and 3% under an ITN. Net ownership is very likely to have gone
up since, however. In July 2006, the Measles Initiative ran a one-
week campaign throughout western Kenya to vaccinate children
between nine months and five years of age and distributed a free
long-lasting ITN to each mother who brought her children to be
vaccinated. The 2008 World Malaria Report uses ITN distribution
figures to estimate that 65% of Kenyan households now own an
ITN. A 2007 survey conducted (for a separate project) in the area
of study among households with school-age children found a rate
of long-lasting ITN ownership around 30% (Dupas 2009b).

Our experiment targeted ITN distribution to pregnant women
visiting health clinics for prenatal care.9 We worked with 20 ru-
ral public health centers chosen from a total of 70 health centers
in the region, 17 of which were private and 53 were public. The
20 health centers we sampled were chosen based on their public
status, their size, services offered, and distance from each other.
We then randomly assigned them to one of five groups: four clin-
ics formed the control group; five clinics were provided with ITNs

9. The ITNs distributed in our experiment were PermaNets, sold by Vester-
gaard Frandsen. They are circular polyester bed nets treated with the insecticide
Deltamethrin and maintain efficacy without retreatment for about three to five
years (or about twenty washes).
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and instructed to give them free of charge to all expectant mothers
coming for prenatal care; five clinics were provided with ITNs to
be sold at 10 Ksh (corresponding to a 97.5% subsidy); three clinics
were provided with ITNs to be sold at 20 Ksh (95.0% subsidy); and
the last three clinics were provided with ITNs to be sold at 40 Ksh
(90% subsidy). The highest price is 10 Ksh below the prevailing
subsidized price of ITNs in this region, offered through PSI to
pregnant women at prenatal clinics.10 Table I presents summary
statistics on the main characteristics of health centers in each
group. Although the relatively small number of clinics leads to
imperfect balancing of characteristics, the clinics appear reason-
ably similar across ITN price assignment and we show below that
controlling for clinic characteristics does not change our estimates
except to add precision.

Clinics were provided with financial incentives to carry out
the program as designed. For each month of implementation, clin-
ics received a cash bonus (or a piece of equipment of their choice)
worth 5,000 Ksh (approximately $75) if no evidence of “leakage” or
mismanagement of the ITNs or funds was observed. Clinics were
informed that random spot checks of their record books would be
conducted, as well as visits to a random subsample of beneficiaries
to confirm the price at which the ITNs had been sold and to con-
firm that they had indeed purchased ITNs (if the clinic’s records
indicated so). Despite this, we observed leakages and mismanage-
ment of the ITNs in four of the eleven clinics that were asked to
sell ITNs for a positive price. We did not observe any evidence of
mismanagement in the five clinics instructed to give out the ITNs
for free. Of the four clinics that mismanaged the ITNs, none of
them altered the price at which ITNs were made available to pre-
natal clients, but they sold some of the program ITNs to ineligible
recipients (i.e., nonprenatal clients).

The ITN distribution program was phased into program clin-
ics between March and May 2007 and was kept in place for
at least three months in each clinic, throughout the peak “long
rains” malaria season and subsequent months. Posters were put
up in clinics to inform prenatal clients of the price at which the
ITNs were sold. Other than offering a free hemoglobin test to
each woman on survey days, we did not interfere with the normal

10. Results from a preprogram clinic survey suggest that it is perhaps not
appropriate to interpret our results in the context of widely available ITNs to
pregnant women at 50 Ksh, as many of the clinics reported the supply of PSI nets
to be erratic and frequently out of stock.
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procedures these clinics used at prenatal care visits, which in prin-
ciple included a discussion of the importance of bed net usage.

Within clinics where the posted price was positive, a sec-
ond stage randomization was conducted on unannounced, random
days. On those days, women who had expressed their willingness
and showed their ability to purchase an ITN at the posted price
(by putting the required amount of money on the counter) were
surprised by the opportunity to participate in a lottery for an addi-
tional promotion by picking an envelope from a basket. All women
given the opportunity to participate in the lottery agreed to pick
an envelope. The final price paid by these women was the initial
offer price if they picked an empty envelope; zero if they picked a
“free net” envelope; or a positive price below the initial offer price
if the initial price was 40 Ksh. This second-stage randomization
started at least five weeks after the program had started in a
given clinic, and took place no more than once a week, on varying
week days, to avoid biasing the women’s decisions to purchase the
ITN based on the expectation of a second-stage discount.11

III.C. Data

Three types of data were collected. First, administrative
records kept by the clinic on ITN sales were collected. Second,
each clinic was visited three or four times on random days, and on
those days enumerators surveyed all pregnant women who came
for a prenatal visit. Women were asked basic background ques-
tions and whether they purchased a net, and their hemoglobin
levels were recorded. In total, these measures were collected from
545 pregnant women. Third, a random sample of 246 prenatal
clients who had purchased/received a net through the program
were selected to be visited at their homes three to ten weeks af-
ter their net purchases. All home visits were conducted within
three weeks in July 2007 to ensure that all respondents faced the
same environment (especially in terms of malaria seasonality) at
the time of the follow-up. Of this subsample, 92% (226 women)
were found and consented to be interviewed. During the home
visits, respondents were asked to show the net, whether they
had started using it, and who was sleeping under it. Surveyors

11. By comparing days with and those without the lottery, we can test whether
women heard about the lottery on days we did the lottery. We do not find evidence
that uptake was higher on the days we performed the lottery; we also do not
observe a significant increase in the uptake of nets after the first lottery day (data
not shown).
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checked to see whether the net had been taken out of the packag-
ing, whether it was hanging, and the condition of the net.12 Note
that, at the time of the baseline survey and ITN purchase, women
were not told that follow-up visits could be made at their homes.
What’s more, neither the clinic staff nor the enumerators conduct-
ing the baseline surveys knew that usage would be checked. This
limits the risk that usage behavior might be abnormally high dur-
ing the study period. Also note that we do not observe an increase
in reported or observed usage over the three weeks during which
the home surveys were conducted. This suggests that the spread
of information about the usage checks was limited and unlikely to
have altered usage behavior.

III.D. Clinic-Level Randomization

The price at which ITNs were sold was randomized at the
clinic level, but our outcomes of interest are at the individual level:
uptake, usage rates, and health. When regressing individual-level
dependent variables on clinic-level characteristics, we are likely
to overstate the precision of our estimators if we ignore the fact
that observations within the same clinic (cluster) are not indepen-
dent (Moulton 1990; Donald and Lang 2007). We compute cluster-
robust standard errors using the cluster-correlated Huber–White
covariance matrix method. In addition, because the number of
clusters is small (sixteen treatment clinics), the critical values for
the tests of significance are drawn from a t-distribution with four-
teen (= 16 − 2) degrees of freedom (Cameron, Miller, and Gelbach
2007). The critical values for the 1%, 5%, and 10% significance
levels are thus 2.98, 2.14, and 1.76, respectively.

Another approach to credibly assessing causal effects with a
limited number of randomization units is to use (nonparametric)
randomization inference, first proposed by Fisher (1935), later de-
veloped by Rosenbaum (2002), and recently used by Bloom et al.
(2006). Hypothesis testing under this method is done as follows.
For each clinic, we observe the share of prenatal clients who pur-
chased a net (or were using a net). Let yi denote the observed
purchase rate for clinic i. For each clinic i = 1, 2, . . . ,16, Yi(Pi)
represents the purchase rate at clinic i when the ITN price at clinic
i is Pi, Pi ∈ [0, 10, 20, 40]. The outcome variable is a function of

12. The nets that were distributed through the program were easily recogniz-
able through their tags. Enumerators were instructed to check the tags to confirm
the origin of the nets.
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the treatment variable and potential outcomes:

yi =
∑

k=0,10,20,40

(1|Pi = k)Yi(k).

The effect of charging price k in clinic i (relative to free distribu-
tion) is

Eki = Yi(k) − Yi(0).

To make causal inferences for a price level k via Fisher’s exact
test, we use the null hypothesis that the effect of charging k is
zero for all clinics:

H0 : Eki = 0 for all i = 1, . . . , 16.

Under this null hypothesis, all potential outcomes are known ex-
actly. For example, although we do not observe the outcome under
price 0 for clinic i subject to price k > 0, the null hypothesis implies
that the unobserved outcome is equal to the observed outcome,
Yi(0) = yi.

For a given price level k, we can test the null hypothesis
against the alternative hypothesis that Eki �= 0 for some clinics by
using the difference in average outcomes by treatment status as
a test statistic:

Tk =
∑

(1|Pi = k)yi∑
(1|Pi = k)

−
∑

(1|Pi = 0)yi∑
(1|Pi = 0)

.

Under the null hypothesis, only the price variable P is random,
and thus the distribution of the test statistic (generated by taking
all possible treatment assignments of clinics to prices) is com-
pletely determined by that of P. By checking whether T obs

k , the
statistic for the “true” assignment of prices (the actual assignment
in our experiment), falls in the tails of the distribution, we can test
the null hypothesis. We can reject the null hypothesis with a con-
fidence level of 1 −α if the test statistic for the true assignment is
in the (α/2)% tails of the distribution. This test is nonparametric
because it does not make distributional assumptions. We call the
p-values computed this way “randomization inference p-values.”

IV. RESULTS

IV.A. Clinic-Level Analysis: Randomization Inference Results

Table II presents the results of randomization inference tests
of the hypotheses that the three positive prices in our experiment
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had no effect on demand and coverage. The data used in Table II
were collapsed at the clinic level. (The raw data on clinic level
outcomes are provided in the Online Appendix). We have two in-
dicators of demand presented in Panel A: average weekly sales
of ITNs (recorded by the clinics) in columns (1)–(6) and the share
of surveyed pregnant women who acquired an ITN in columns
(7)–(12). Panel B shows the rate of effective coverage: the share
of surveyed pregnant women in the clinic who not only acquired
the ITN but also reported using it at follow-up. For each outcome
(sales, uptake, effective coverage), we present the estimated effect
of prices both without and with clinic-level controls. We present
the standard errors estimated through parametric linear regres-
sions, as well as the randomization inference p-values.

Results in columns (1)–(6) suggest that, although the ITN
sales were lower on average in clinics charging a higher price for
the ITN, none of the differences between clinics can be attributed
to the price. Even the 32/41 = 78% lower sales in the clinics charg-
ing 40 Ksh are not significant. Note, however, that the sales data
are missing for one of the three 40 Ksh clinics, and as a conse-
quence the power of the randomization inference test in columns
(5) and (6) is extremely low: there are only 21 possible assign-
ments of seven clinics to two groups of sizes five and two, and
each of them has a 1/21 = 4.76% chance of being selected. This
means that even the largest effect cannot fall within the 2.5% tails
of the distribution, and randomization inference would thus fail
to reject the null hypothesis of no price effect with 95% confidence
no matter how large the difference in uptake between 0 Ksh and
40 Ksh clinics is (Bloom et al. 2006).

The power is higher for the tests performed on the survey
data (columns (7)–(12) of Panel A, and Panel B), but still lower
relative to tests that impose some structure on the error term.
Nevertheless, the p-values in columns (9)–(12) suggest that we
can reject the hypothesis that charging either 20 or 40 Ksh for
nets has no effect on uptake with 95% confidence. In particular,
uptake of the net is 58 percentage points lower in the 40 Ksh
group than in the free distribution group, and the confidence level
for this effect is 98%. The results on effective coverage (usage
of the net unconditional on uptake) are weaker for the 20 Ksh
treatment but still significant for the 40 Ksh treatment: effective
coverage is 54 percentage points lower in the 40 Ksh group than in
the free distribution group, and the confidence level for this effect
is 94%.
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As shown in Section II, the key parameter of interest in de-
termining the optimal subsidy level is the ratio (�H/�T)/(�(H +
N)/�T). We compute this ratio for �T = 10 Ksh, �T = 20 Ksh,
and �T = 40 Ksh at the bottom of Panel B in Table II. The ra-
tio is greater than 1 for price changes from 0 to 10 Ksh or 0 to
20 Ksh, but the standard errors are massive and there is little
informational content in those numbers. For �T = 40 Ksh, the
ratio is more precisely estimated, at 0.95, still quite close to 1.
The standard error of this ratio is 0.18 in the absence of covari-
ates, and implies a 95% confidence interval of [0.58–1.31]. When
we control for clinic-level covariates in the estimations of the two
effects, the confidence interval on the ratio is somewhat reduced
to [0.63–1.23].

The finding in Table II that effective coverage is statistically
significantly lower by 54 percentage points in the 40 Ksh group
(the group that proxies the cost-sharing program in place in Kenya
at the time of the study) compared to the free distribution group
is the main result of the paper. In the remainder of the analysis,
we investigate the effects in more detail by conducting parametric
analysis on the disaggregated data with cluster standard errors
adjusted for the small number of clusters.

IV.B. Micro-Level Analysis: Price Elasticity of Demand for ITNs

Table III presents coefficient estimates from OLS regressions
of weekly ITN sales on price. The coefficient estimate on ITN
price from the most basic specification in column (1) is −0.797.
This estimate implies that weekly ITN sales drop by about eight
nets for each 10 Ksh increase in price. Because clinics distributing
ITNs for free to their clients distribute an average of 41 ITNs per
week, these estimates imply that a 10 Ksh increase in ITN price
leads to a 20% decline in weekly ITN sales. The specification in
column (4) regresses weekly ITN sales on indicator variables for
each ITN price (0 Ksh is excluded). Raising the price from 0 to
40 Ksh reduces demand by 80% (from 41 ITNs per week to 9)—
a substantial decline in demand, a bit smaller than the decline
implied by the linear estimate in column (1). These results are
not sensitive to adding controls for time effects (columns (2) and
(5)).

Columns (3) and (6) present results of robustness checks con-
ducted by including various characteristics of the clinics as con-
trols. Because net sales are conditional on enrollment at prenatal
clinics, one concern is that our demand estimates are confounded
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by variation in the level of prenatal attendance across clinics. Sub-
sidized ITNs may provide an incentive to receive prenatal care,
and therefore the level of prenatal enrollment after the introduc-
tion of the program is an endogenous variable of interest (Dupas
2005). Any impact of ITN price on total enrollment should be cap-
tured by total ITN sales (which reflect the change in the number
of patients and in the fraction of patients willing to buy ITNs at
each price). However, our demand estimates could be biased if
total attendance prior to program introduction is correlated with
the assigned ITN price. To check whether this is the case, the
specification in columns (3) and (6) control for monthly prenatal
attendance at each clinic in 2006, as well as additional clinic char-
acteristics that could potentially influence attendance such as any
fee for prenatal care, whether the clinic offers counseling and/or
testing for HIV, the distance to the closest other clinic/hospital in
our sample, and the distance to the closest other clinic/hospital
in the area. The coefficient estimates on ITN price are basically
unchanged when clinic controls are included, but their precision
is improved.

One might be concerned that our net sales data are biased due
to (a moderate amount of) mismanagement, theft, and misreport-
ing by clinics. Further, because the number of observations in Ta-
ble III is small, demand estimates are not precisely estimated. For
these reasons, it is important to check that the demand estimates
based on net sales are consistent with those based on our survey
data. Table IV presents additional estimates of demand based on
individual-level data from surveys conducted among all prenatal
clients who visited the clinics on the randomly chosen days when
baseline surveys were conducted. These specifications correspond
to linear probability models where the dependent variable is a
dummy equal to one if the prenatal client bought or received an
ITN; the independent variables are the price at which ITNs were
sold, or dummies for each price. The coefficient estimate of −0.015
on ITN price in column (1) implies that a 10 Ksh ($0.15) increase in
the price of ITNs reduces demand by fifteen percentage points (or
roughly 20% at the mean purchase probability of .81). This is very
consistent with the results based on net sales and corresponds
to a price elasticity (at the mean price and purchase probabil-
ity) of −.37. These results imply that demand for ITNs is 75%
lower at the cost-sharing price prevailing in Kenya at the time of
the study (50 Ksh or $0.75) than it is under a free distribution
scheme.
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In column (2) of Table IV, we add controls for when the survey
was administered, including day-of-the-week fixed effects and the
time elapsed since program introduction, as well as controls for
the clinic characteristics used in Table III, column (3). The coeffi-
cient estimate for price remains very close to that obtained in the
basic specification.

Columns (3) and (4) present estimates of demand at each
price point. In the absence of clinic or time controls, the decrease
in demand for an increase in price from 0 to 10 Ksh is estimated at
seven percentage points (larger than suggested by the clinic-level
ITN sales in Table III). An increase in price from 20 to 40 Ksh
leads to a 43–percentage point drop in demand.

Column (5) presents demand estimates for the restricted sam-
ple of women who are making their first prenatal care visits for
their current pregnancies. It is important to separate first visits
from revisits because the latter may be returning because they
are sick. Alternatively, women who are coming for a second or
third visit may be healthier, because they have already received
the benefits of the earlier visit(s), some of which can directly af-
fect their immediate need for an ITN (such as malaria prophylaxis
and iron supplementation). The coefficient estimate in column (5)
is larger than that for the entire sample, implying that women
coming for the first time are more sensitive to price than women
coming for a revisit. This could be because women learn about the
subsidized ITN program at their first visit and bring the cash to
purchase the net at their second visit.

Access to free ITNs from other sources could have dampened
demand for ITNs distributed through the program. This is a real
concern, because the Measles Initiative ran a campaign in July
2006 (nine months before the start of our experiment) throughout
Kenya to vaccinate children between nine months and five years of
age, distributing free ITNs to mothers of these children in western
Kenya. To examine the demand response among women who are
less likely to have had access to free ITNs in the past, column (6)
estimates the impact of ITN price on demand for women in their
first pregnancies only. When we restrict the sample in this way,
the coefficient on ITN price drops to −0.012. This implies that
women in their first pregnancies are indeed less sensitive to ITN
price differences, but their demand still drops by 55 percentage
points when the ITN price is raised from 0 to 50 Ksh.

Our baseline survey asked respondents if they had received a
free ITN in the previous year, and 37.3% said they did. In columns
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(7) and (8), we focus on the 63% who reported not having received
a free ITN and estimate how their demand for an ITN in our
program was affected by price. We find a coefficient on price very
similar to that obtained with the full sample (−0.016), and the
specifications with dummies for each price group generate esti-
mates that are also indistinguishable from those obtained with
the full sample.

Nearly three-quarters of prenatal clients walked to the clinics
for prenatal care. Because clinics included in our sample were at
least 13 kilometers from one another, it is unlikely that prenatal
clients would switch from one of our program clinics to another.
However, it is likely that our program generated some crowd-out of
prenatal clients at nonprogram clinics in the vicinity, particularly
in the case of free nets. Because these “switchers” are driven by
price differences in ITNs that would not exist in a nationwide
distribution program, we should look at the demand response of
those prenatal clients who, at the time of the interview, were
attending the same clinic that they had in the past. In Online
Appendix Table A.1, we replicate Table IV for this subsample of
prenatal clients who did not switch clinics. The results are nearly
unchanged, suggesting that the same degree of price sensitivity
would prevail in a program with a uniform price across all clinics.

In sum, our findings suggest that demand for ITNs is not sen-
sitive to small increases in price from zero, but that even a mod-
erate degree of cost-sharing leads to large decreases in demand.
At the mean, a 10 Ksh ($0.15) increase in ITN price decreases de-
mand by 20%. These estimates suggest that the majority of preg-
nant women are either unable or unwilling to pay the prevailing
cost-sharing price, which is itself still far below the manufacturing
cost of ITNs.

IV.C. Price-Elasticity of the Usage of ITNs

Usage Conditional on Ownership. Let us start this section
with an important caveat: Our sample size to study usage condi-
tional on uptake is considerably hampered by the fact that uptake
was low in the higher-priced groups: only a small fraction of the re-
spondents interviewed at baseline in the 40 Ksh group purchased
an ITN and could be followed up at home for a usage check.

Keeping this caveat in mind, Figure II shows the average us-
age rate of program-issued ITNs across price groups. The top panel
shows self-reported usage rates, and the bottom panel shows the
likelihood that the ITN was found hanging, both measured during
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FIGURE II
Program ITN Usage Rates (Conditional on Uptake) by ITN Price

Error bars represent ±2.14 standard errors (95% confidence interval with four-
teen degrees of freedom). Number of observations: 226.
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an unannounced home visit by an enumerator. On average, 62%
of women visited at home claimed to be using the ITN they ac-
quired through the program, a short-term usage rate that is very
consistent with previous usage studies (D’Alessandro 1994; Alaii
et al. 2003). The observed hanging rate was only slightly lower,
at 57%. However, we find little variation in usage across price
groups, and no systematic pattern. This is confirmed by the re-
gression estimates of selection effects on usage, presented in Table
V. Our coefficient estimate on ITN price in column (1) is positive,
but insignificant, suggesting that a price increase of 10 Ksh in-
creases usage by four percentage points, representing an increase
of 6% at the mean. The confidence interval is large, however, and
the true coefficient could be on either side of zero (the 95% con-
fidence interval is −0.004; 0.012). These estimates correspond to
a price elasticity of usage (at the mean price and usage rate) of
0.097. Adding controls in column (2) does not improve precision
but reduces the size of the estimated effect. The results also hold
when the sample is restricted to the subsample of women coming
for their first prenatal visit, women in their first pregnancy, or to
those who reported not having received a free ITN the previous
year (data not shown).

Estimates using indicators for each price in column (3) are
also very imprecise, but show no pattern of increasing use with
price. Women who pay 10 or 20 Ksh are less likely to be using
their ITNs than women receiving them for free, but women who
pay 40 Ksh appear close to 10% more likely to be using their ITNs.
In none of the cases, however, can we reject the null hypothesis
that price has no effect on intensity of usage.

We cannot observe whether the net is actually used at night,
but it is reasonable to believe that, if the ITN is taken out of its
packaging and has been hung on the ceiling, it is being used.13

Of those women who claimed to be using the ITN, 95% had
the net hanging. Results for whether or not the net is hanging
(columns (5) and (6)) are very similar to those using self-reported
usage.

One might be concerned that usage rates among prenatal
clients receiving a free net are higher than they would be under
a one-price policy, because pregnant women who value an ITN

13. Having the insecticide-treated net hanging from the ceiling creates health
benefits even if people do not sleep under the net, because it repels, disables, and/or
kills mosquitoes coming into contact with the insecticide on the netting material
(WHO 2007).
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highly may have switched clinics in order to get a free net. We
show in Online Appendix Table A.2 that, as with our demand
estimates, usage rates among the subsample of women who did
not switch clinics (i.e., attended the same prenatal clinic after our
program was introduced as before it) are not different from the
sample as a whole.

Overall, one might be surprised that the level of net usage
is not higher than 60%. This result might come from the fact
that usage was measured a relatively short time after the net
was purchased. In the usage regressions, the coefficients on time
controls (not shown) suggest that usage increases as time passes
after the ITN purchase. Among women not using the net, the
most common reasons given for not using it were waiting for
the birth of the child and waiting for another net (typically un-
treated with insecticide) to wear out. Dupas (2009a) finds that,
among the general population, usage among both buyers and re-
cipients of free ITNs is around 90% a year after the ITNs were
acquired.

Unconditional Usage: “Effective Coverage.” Although our es-
timates of usage rates among buyers suffer from small sample
size imprecision, effective coverage (i.e., the fraction of the popu-
lation using a program net) can be precisely estimated. Figure I
presents effective coverage with program ITNs across ITN prices.
The corresponding regression is presented in Table VI, column
(1). The coefficient on price is −0.012, significant at the 1% level.
This corresponds to a price elasticity of effective coverage of −0.44.
The share of prenatal clients that are protected by an ITN under
the free distribution scheme is 65%, versus 15% when ITNs are
sold for 40 Ksh; this difference is significant at the 1% level (col-
umn (3)). The results are robust to the addition of clinic controls
(columns (2) and (4)), and hold for all subgroups (data not shown).

Overall, our results suggest that, at least in the Kenyan con-
text, positive prices do not help generate higher usage intensity
than free distribution. The absence of a selection effect on usage
could be due to the nature of the good studied, which is proba-
bly valued very highly in areas of endemic malaria, particularly
among pregnant women who want to protect their babies. The con-
text in which the evaluation took place also probably contributed
to the high valuation among those who didn’t have to pay. In
particular, women had to travel to the health clinic for the pre-
natal visit and were told at the check-up about the importance
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of protection against malaria. In addition, PSI has been conduct-
ing a very intense advertising campaign for ITN use throughout
Kenya over the past five years. Last, the evaluation took place in
a very poor region of Kenya, in which many households do not
have access to credit and have difficulty affording even modest
prices for health goods. Thus, a large number of prenatal clients
may value ITNs but be unable to pay higher prices for them.

IV.D. Are There Psychological Effects of Prices on Usage of ITNs?

In this section, we test whether the act of paying itself can
stimulate higher product use by triggering a sunk cost effect,
when willingness to pay is held constant. We use data from the ex
post price randomization conducted with a subset of women who
had expressed their willingness to pay the posted price (in clinics
charging a positive price). For those women, the transaction price
ranged from “free” to the posted price they initially agreed to pay.
Table VII presents estimates of the effect of price (columns (1)
and (2)) and of the act of paying (columns (3)–(6)) on the likeli-
hood of usage and likelihood that the ITN has been hung. These
coefficients are from linear probability models with clinic fixed
effects, estimated on the sample of women who visited a clinic
where ITNs were sold at a positive price, decided to buy an ITN
at the posted price, and were sampled to participate in the ex post
lottery determining the transaction price they eventually had to
pay to take the net home. Because the uptake of ITNs decreased
sharply with the price, the sample we have at hand to test for the
presence of sunk cost effects is small, and therefore the precision
of the estimates we present below is limited.

We find no psychological effect of price or the act of paying on
usage, as expected from the earlier result that there is no overall
effect of prices on usage. In column (1), the coefficient for price
is negative, suggesting that higher prices could discourage usage,
but the effect is not significant and cannot be distinguished from
zero. The 95% confidence interval is (−0.0158; 0.0098), suggest-
ing that a 10 Ksh increase in price could lead to anything from
a decrease of sixteen to an increase of ten percentage points in
usage. Larger effects on either side can be confidently rejected,
however. Adding controls, including a dummy for having received
a free ITN from the government in the previous year, does not
reduce the standard error but decreases the coefficient of price
further, enabling us to rule out sunk cost effects of more than
seven percentage points per 10 Ksh increase in price (column (2)).
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In column (3), the coefficient for the act of paying a positive price
is also negative, suggesting that if the act of paying had any effect,
it would decrease usage rather than increase it, but here again
the coefficient cannot be confidently distinguished from zero. The
95% confidence interval for this estimate is quite large and sug-
gests that a 10 Ksh increase in price could lead to anything from
a decrease of 22 to an increase of 20 percentage points in usage.

Overall, these results suggest that, in the case of ITNs mar-
keted through health clinics, there is no large positive psycholog-
ical effect of price on usage. We do not have data on baseline time
preferences to check whether certain subgroups are more likely
to exhibit a “sunk cost” effect. We also do not have data on what
women perceived ex post as the price they paid for the ITN; we
thus cannot verify that those who received a discount mentally
“integrated” the two events (payment and discount) to “cancel”
the loss, in the terms of Thaler (1985), or whether they “segre-
gated” the two events and perceived the payment as a cash loss
and the discount as a cash gain.

If usage might not increase with price, what about the private
benefits to the users? Is it the case that the users reached through
the 40 Ksh distribution system are those who really need the ITN,
whereas the additional users obtained through the free distribu-
tion will not benefit from using the ITN because they don’t need
it as much (i.e., they are healthier, or can afford other means to
protect themselves against malaria)? From a public health point
of view, this issue might be irrelevant in the case of ITNs, given
the important community-wide effects of ITN use documented in
the medical literature cited earlier. Nevertheless, it is interesting
to test the validity of the argument advanced by cost-sharing pro-
grams with respect to the private returns of ITN use. This is what
we attempt to do in the next section.

IV.E. Selection Effects of ITN Prices

This section presents results on selection effects of positive
prices on the health of patients who buy them. The argument that
cost-sharing targets those who are more vulnerable by screen-
ing out women who appear to need the ITN less assumes that
willingness to pay is the main factor in the decision to buy an
ITN. In the presence of extreme poverty and weak credit markets,
however, it is possible that people are not able (do not have the
cash) to pay what they would be willing to pay in the absence of
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credit constraints. The optimal subsidy level will have to be low
enough to discourage women who do not need the product from
buying it, although at the same time high enough to enable credit-
constrained women to buy it if they need it. We focus our ana-
lysis on an objective measure of health among prenatal clients—
their hemoglobin levels. Women who are anemic (i.e., with low
hemoglobin levels) are likely the women with the most exposure
and least resistance to malaria, and are likely the consumers that
a cost-sharing program would want to target.

To judge whether higher prices encourage sicker women to
purchase nets, we study the impact of price on the health of “tak-
ers” (i.e., buyers and recipients of free nets) relative to the health
of the prenatal clients attending control clinics. Figure III plots
the cumulative density functions (CDFs) of hemoglobin levels for
women buying/receiving a net at each price relative to women in
the control group. The surprising result in Figure III is that the
CDFs for women receiving free nets stochastically dominates the
distribution in the control group, implying that women who get
free nets are healthier than the average prenatal woman (Panel
A). In contrast, the CDFs of hemoglobin levels of women who pay
a positive price (whether 10, 20, or 40 Ksh) are indistinguishable
from the CDFs of women in the control clinics (Panels B, C, and
D). In other words, women who pay a higher price do not appear
to be sicker than the average prenatal clients in the area.14

Why would it be that women who receive free nets appear sub-
stantially healthier, even though higher prices do not appear to in-
duce selection of women who are sicker than the general prenatal
population? Dupas (2005) shows that there is a strong incentive
effect of free ITNs on enrollment for prenatal care. To test whether
such an effect was at play in our experiment, Table VIII presents
the average characteristics of prenatal clients in control clinics
(column (1)), and, for each price group, how the average buyer di-
verges from the average woman in the control group (columns (2)–
(5)). The results provide some evidence that the incentive effect
of free ITNs was strong: women who came for free nets were 12%

14. For each price level, we test the significance of the differences in
CDFs (compared to the control group) with the Kolmogorov–Smirnov equality-
of-distributions test. Following Præstgaard (1995), we use the bootstrap method
to adjust the p-values for clustering at the clinic level. The results of the tests are
presented in the notes of Figure III. We can reject the null hypothesis of equality
of distributions between women who receive free nets and those attending control
clinics at the 10% significance level. We cannot reject the equality of distributions
for women in the control population and those paying 10, 20, or 40 Ksh for an ITN.
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TABLE VIII
CHARACTERISTICS OF PRENATAL CLIENTS BUYING/RECEIVING ITN RELATIVE

TO CLIENTS OF CONTROL CLINICS

Differences with control clinics
Mean in
control 0 Ksh 10 Ksh 20 Ksh 40 Ksh
clinics (free) ($0.15) ($0.30) ($0.60)

(1) (2) (3) (4) (5)

Panel A. Characteristics of visit to prenatal clinic
First prenatal visit 0.48 −0.12 −0.02 0.03 0.02

for current pregnancy 0.50 (0.06)∗∗ (0.04) (0.06) (0.04)
Walked to the clinic 0.73 −0.12 0.04 0.07 −0.16

0.45 (0.13) (0.07) (0.06) (0.08)∗
If took transport to clinic: 4.58 3.52 0.79 −1.17 4.27

price paid (Ksh) 10.83 (3.29) (1.78) (1.37) (1.94)∗∗
Can read Swahili 0.81 0.10 0.05 0.00 0.09

0.40 (0.03)∗∗∗ (0.05) (0.04) (0.02)∗∗∗
Wearing shoes 0.61 0.06 0.07 −0.11 0.11

0.49 (0.12) (0.12) (0.12) (0.12)
Respondent owns 0.19 0.00 0.01 0.12 0.07

animal assets 0.39 (0.06) (0.05) (0.05)∗∗ (0.09)

Panel B. Health status
Hemoglobin level (Hb), 10.44 0.94 0.49 0.22 0.48

in g/dL 1.77 (0.34)∗∗ (0.49) (0.47) (0.78)
Moderate anemia 0.69 −0.18 −0.09 −0.08 −0.05

(Hb < 11.5 g/dL) 0.46 (0.07)∗∗ (0.12) (0.10) (0.19)
Severe anemia 0.16 −0.10 −0.01 0.07 −0.06

(Hb ≤ 9 g/dL) 0.37 (0.06) (0.07) (0.09) (0.11)

Observations 110 98 120 99 28

Notes: For each variable, column (1) shows the mean observed among prenatal clients enrolling in control
clinics; the standard deviations are presented in italics. Columns (2), (3), (4), and (5) show the differences
between “buyers” in the clinics providing ITNs at 0, 10, 20, and 40 Ksh and prenatal clients enrolling in control
clinics. Standard errors in parentheses are clustered at the clinic level; given the small number of clusters
(sixteen), the critical values for T -tests were drawn from a t-distribution with 14 (16 − 2) degrees of freedom.

∗∗∗ , ∗∗ , ∗ Significance at 1%, 5%, and 10% levels, respectively.

more likely to be coming for a repeat visit and 12% less likely to
have come by foot (i.e., more likely to have come by public trans-
portation), and they paid about 3.5 Ksh more to travel to the clinic
than women in the control group (Panel A). These results suggest
that the free ITN distribution induced women who had come to
the clinic before the introduction of the program to come back for
a revisit earlier than scheduled, and therefore before the health
benefits of their first prenatal visit had worn out.15 As a result,

15. In Kenya, pregnant women are typically given free iron supplements, as
well as free presumptive malaria treatment, when they come for prenatal care.
Both of these “treatments” have a positive impact on hemoglobin levels.
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as seen in Figure III, women receiving free nets are substantially
less likely to be anemic (eighteen percentage points off of a base
of 69% in Panel B of Table VIII).16

In absolute terms, however, the number of anemic women
covered by an ITN is substantially greater under free distribution
than under cost-sharing. As shown in Table VIII, the great ma-
jority of pregnant women in Kenya are moderately anemic (71%).
All of them receive ITNs under free distribution, but only 40% of
them invest in ITNs when the price is 40 Ksh (Table IV). Given
that usage of the ITN (conditional on ownership) is similar across
price groups, effective coverage of the anemic population is thus
60% lower under cost-sharing.17

Finally, it is interesting to note in Table VIII that women who
bought nets for 40 Ksh were more likely to pay for transportation
and paid more to come to the clinic than the control group. Women
who paid 40 Ksh were also more likely to be literate, more likely
to be wearing shoes, and more likely to report owning animal
assets. Not all of these differences are statistically different from
zero, given the small-sample problem, but overall these results
are suggestive that selection under cost-sharing happened at least
partially along wealth lines.18

V. COST-EFFECTIVENESS ANALYSIS

This section presents estimates of the cost-effectiveness of
each pricing strategy in terms of children’s lives saved. There are
many benefits to preventing malaria transmission in addition to
saving children’s lives, and restricting ourselves to child mortality
will lead to conservative estimates of cost-effectiveness.

An important dimension to keep in mind in the cost-
effectiveness analysis is the nonlinearity in the health benefits
associated with ITN use: high-density ITN coverage reduces over-
all transmission rates and thus positively affects the health of both

16. Because some of the women who received free nets appear to have traveled
farther and spent more money on travel to the clinic, one might expect that this
group was composed of many switchers from nonprogram clinics. However, we
find that the effects of price on selection in terms of health are unchanged for the
subsample of women staying with the same clinic (Online Appendix Table A3).

17. The usage results in Table V hold when the sample is restricted to mod-
erately anemic women (data not shown).

18. This hypothesis is supported by the fact that, when we compare the av-
erage client at 40 Ksh clinics (rather than the average buyer at these clinics) to
the average control client, they are not more likely to have paid for transportation
and paid no more for transportation than the control group (results not shown).
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nonusers and users. The results of a 2003 medical trial of ITNs in
western Kenya imply that “in areas with intense malaria trans-
mission with high ITN coverage, the primary effect of insecticide-
treated nets is via area-wide effects on the mosquito population
and not, as commonly supposed, by simple imposition of a physi-
cal barrier protecting individuals from biting” (Hawley et al. 2003,
p. 121). In this context, we propose the following methodology to
measure the health impact of each ITN pricing scheme: we create
a “protection index for nonusers” (a logistic function of the share of
users in the total population) and a “protection index for users” (a
weighted sum of a “physical barrier” effect of the ITN and the ex-
ternality effect, the weights depending on the share of users). This
enables us to compute the health impact of each pricing scheme on
both users and nonusers and to (roughly) approximate the total
number of child lives saved, as well as the cost per life saved. Be-
cause the relative importance of the “physical barrier” effect and
of the externality are uncertain, we consider three possible values
for the parameter of the logistic function predicting the protection
index for nonusers (the “threshold externality parameter”) and
three possible values for the effectiveness of ITNs as physical bar-
riers. This gives us a total of 3 × 3 = 9 different scenarios and 9
different cost-per-life-saved estimates for each of the four pricing
strategies.

The cost-effectiveness estimates are presented in Table IX.
These estimates are provided to enable comparisons across distri-
bution schemes, but their absolute values should be taken with
caution, as they rely on a number of coarse assumptions (the de-
tails of the calculations are provided in the Online Appendix). In
particular, two key assumptions made are the following: (1) We
assume that the only difference in cost per ITN between free dis-
tribution and cost-sharing is the difference in the subsidy. That
is, we assume that an ITN given for free costs 40 Ksh more to the
social planner than an ITN sold for 40 Ksh. We thus ignore money
management costs associated with cost-sharing schemes. (2) We
assume that 65% of households will experience a pregnancy within
five years and be eligible for the ITN distribution program.19

The estimates in Table IX suggest that, under all nine sce-
narios we study, child mortality is reduced more under free distri-
bution than any cost-sharing strategy (Panel A). This result is not

19. Making less conservative assumptions would increase the relative cost-
effectiveness of free distribution programs.
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surprising considering the large negative effect of cost-sharing on
the share of ITN users in the population. Under the low thresh-
old assumption for the externality effect, in terms of cost per life
saved, we find that charging 40 Ksh is more cost-effective than
free distribution if the physical barrier effect of ITNs is high (Panel
B, column (1)). When the assumptions about the effectiveness of
ITNs as physical barriers for their users are less optimistic, we
find that free distribution becomes at least as cost-effective, if not
more, than cost-sharing. Under the assumption of a “medium” ex-
ternality threshold level, we find that free distribution could domi-
nate cost-sharing in terms of cost-effectiveness (Panel B, columns
(4)–(6)). Last, in the scenario where a large share of ITN users
is necessary for a substantial externality to take place, we find
that cost-sharing is again slightly cheaper than free distribution,
unless the physical barrier effectiveness is very low. This is due
to the fact that under the high threshold hypothesis, even free
distribution to pregnant women is not enough to generate signif-
icant community-wide effects, because not all households experi-
ence a pregnancy. That said, given the very large standard errors
on the usage estimates, the differences observed across schemes
in cost per life saved typically cannot be distinguished from zero.
The general conclusion of this cost-effectiveness exercise is thus
that cost-sharing is at best marginally more cost-effective than
free distribution, but free distribution leads to many more lives
saved.

VI. DISCUSSION AND CONCLUSION

The argument that charging a positive price for a commod-
ity is necessary to ensure that it is effectively used has recently
gained prominence in the debate on the efficiency of foreign
aid. The cost-sharing model of selling nets for $0.50 to moth-
ers through prenatal clinics is believed to reduce waste because
“it gets the nets to those who both value them and need them”
(Easterly 2006, p. 13). Our randomized pricing experiment in
western Kenya finds no evidence to support this assumption. We
find no evidence that cost-sharing reduces wastage by sifting out
those who would not use the net: pregnant women who receive
free ITNs are no less likely to put them to intended use than
pregnant women who pay for their nets. This suggests that cost-
sharing does not increase usage intensity in this context. Although
it doesn’t increase usage intensity, cost-sharing does considerably
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dampen demand: we find that the cost-sharing scheme ongoing
in Kenya at the time of this study results in a coverage rate 75
percentage points lower than with a full subsidy. In terms of get-
ting nets to those who need them, our results on selection based
on health imply that women who purchase nets at cost-sharing
prices are no more likely to be anemic than the average prena-
tal woman in the area. We also find that localized, short-lived free
distribution programs disproportionately benefit healthier women
who can more easily travel to the distribution sites.

Although our results speak to the ongoing debate regard-
ing the optimal subsidization level for ITNs—one of the most
promising health tools available in public health campaigns in
sub-Saharan Africa—they may not be applicable to other public
health goods that are important candidates for subsidization. In
particular, it is important to keep in mind that this study was con-
ducted when ITNs were already highly valued in Kenya, thanks to
years of advertising by both the Ministry of Health and Population
Services International. This high ex ante valuation likely dimin-
ished the risk that a zero or low price be perceived as a signal of
bad quality.

Our findings are consistent with previous literature on the
value of free products: in a series of lab experiments, both hypo-
thetical and real, Ariely and Shampan’er (2007) found that when
people have to choose between two products, one of which is free,
charging zero price increases consumers’ valuation of the product
itself, in addition to reducing its cost. In a recent study in Uganda,
Hoffmann (2007) found that households that are told about the
vulnerability of children to malaria on the day they acquire an ITN
are more likely to use the ITN to protect their children when they
receive it for free than when they have to pay for it. In a study
conducted with the general Kenyan population, Dupas (2009b)
randomly varied ITN prices over a much larger range (between
$0 and $4), and also found no evidence that charging higher prices
leads to higher usage intensity. Dupas (2009b) also found that the
demand curve for ITNs remains unaffected by common market-
ing techniques derived from psychology (such as the framing of
marketing messages, the gender of the person targeted by the
marketing, or verbal commitment elicitation), further suggesting
that the high price-elasticity of the demand for ITNs is driven
mostly by budget constraints.

Our finding that usage of ITNs is insensitive to the price paid
to acquire them contrasts with the finding of Ashraf, Berry, and
Shapiro (forthcoming), in which Zambian households that paid a
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higher price for a water-treatment product were more likely to
report treating their drinking water two weeks later. Their exper-
imental design departs from ours in multiple ways that could ex-
plain the difference in findings. First, because the range of prices
at which the product was offered in their experiment did not in-
clude zero, Ashraf, Berry, and Shapiro do not measure usage under
a free distribution scheme. Second, in contrast to a bed net that
can be used for three years before it wears out, the bottle of wa-
ter disinfectant used in Ashraf, Berry, and Shapiro lasts for only
about one month if used consistently to treat the drinking water
of an average family; in this context, it is possible that households
that purchased the water disinfectant but were not using it two
weeks later had stored the bottle for later use (e.g., for the next
sickness episode in their household or the next cholera outbreak),
and therefore the evidence on usage in Ashraf, Berry, and Shapiro
has a different interpretation from ours. In addition, the baseline
level of information about the product (its effectiveness, how to
use it) might have differed across experiments.

Although ITN distribution programs that use cost-sharing
are less effective and not more cost-effective than free distribu-
tion in terms of health impact, they might have other benefits.
Indeed, they often have the explicit aim of promoting sustain-
ability. The aim is to encourage a sustainable retail sector for
ITNs by combining public and private sector distribution chan-
nels (Mushi et al. 2003; Webster, Lines, and Smith 2007). Our
experiment does not enable us to quantify the potentially nega-
tive impact of free distribution on the viability of the retail sec-
tor and therefore our analysis does not consider this externality.
Another important dimension of the debate on free distribution
versus cost-sharing is the effect of full subsidies on the distribu-
tion system. In particular, the behavior of agents on the distribu-
tion side, notably health workers in our context, could depend on
the level of subsidy. Although user fees can be used to incentivize
providers (World Bank 2004), free distribution schemes have been
shown to be plagued by corruption (in the form of diversion) among
providers (Olken 2006). Our experiment focused on the demand
side and was not powered to address this distribution question.
As with most randomized experiments, we are unable to charac-
terize or quantify the impact of the various possible distribution
schemes when they have been scaled up and general equilibrium
effects have set in. Our experimental results should thus be seen
as one piece in the puzzle of how to increase uptake of effective,
externality-generating health products in resource-poor settings.
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