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Abstract: 

Despite concerted international efforts to improve access to effective treatment for malaria, 
stockouts of malaria drugs are frequent in the public sector. In this paper, we estimate the impact 
of drug stockouts at public health facilities on the price paid for and quality of medicines received 
by customers in the private sector. We identify the effect of competition by exploiting exogenous 
fluctuations in the drug stock at public sector health facilities due to a centrally set delivery 
schedule. We then compare outcomes before and after the scheduled delivery date for local 
markets that do or do not include a public sector facility.  We find that during stockouts, private 
sector customers pay $0.75 (36 percent) higher prices on average. However, there is no 
significant change in the quality of drugs received as measured by a handheld spectrometer, or the 
likelihood that customers buy a correct doasge. We provide evidence that higher prices change 
the composition of customers who seek to buy drugs in the private sector. Those with lower 
levels of education and income appear most likely to drop out of the market in response to 
stockouts. Frequent public sector stockouts may lead to poorer and less equitable outcomes for 
patients in the short run and higher equilibrium price levels in the private sector in the long run. 
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1. Introduction and Background  

In an effort to increase access to high-quality treatment for malaria several developing 

countries have undertaken a two-pronged strategy: 1) reduced price or free medicine distribution 

through the public sector; 2) subsidized distribution through the private sector.  Access to high-

quality treatment is an important issue for malaria, a treatable disease which is a leading cause of 

morbidity and mortality in Sub-Saharan Africa, and a leading cause of death among children 

under 5 (WHO Roll Back Malaria, 2005). Among children, untreated malaria can be fatal.  

Among adults, who typically acquire immunity as children, untreated malaria is likely to extend 

the length of the illness by an average of three days leading to lost income (Dillon et al., 2014).   

The WHO recommends ACTs (artemisinin-based combination therapy) as a first-line 

treatment for uncomplicated malaria.  Artemether-lumefantrine (AL), commonly known by the 

brand name Coartem®, 

 is currently the ACT that is most widely available and commonly used in Uganda, where 

our study takes place. However its cost is prohibitively high for the majority of the malaria-

affected population. In an effort to expand access and increase affordability to essential 

medicines, the Global Fund created the Affordable Medicines Facility-malaria (AMF-m) in 2011 

as a pilot program of manufacturer subsidies on a subset of ACTs in select countries.2  As a 

result, access to these drugs has been improved, and private sector prices of ACTs have fallen, 

though not always to the AMF-m target price of $1 per adult dose. In general, antimalarial drug 

prices remain relatively high for the population. 

Although patients may obtain ACTs for free in the public sector, stockouts are frequent. 

During a stockout, public sector patients will either seek care at a local private sector facility or 

fail to seek care at all. Studies have shown that patients consider public and private providers to 

be substitutable despite the fact that outcomes may be worse for patients in the private sector 

                                                
2 At the conclusion of the pilot program, the program was modified and re-initiated under the name the 
“Private Sector Copayment Mechanism”. Data collection occurred during the transition period from the 
AMF-m to the Private Sector Copayment Mechanism. 
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compared to the public sector (Thornton et al., 2008; Alderman and Gertler,1989). Private sector 

providers in Sub-Saharan Africa are more likely to be under-qualified relative to public sector 

providers, although providers may put forth more effort in the private sector (Das et al., 2016; 

Stanback et al., 2011). In addition, profit motives may induce private sector providers to 

overdiagnose and/or overtreat patients, which entails higher out-of-pocket costs to patients and 

drives drug resistance, without leading to better health outcomes for patients. On the other hand, 

patients may be unable to access malaria treatment in the private sector during a stockout because 

of high travel costs and an inability to pay private sector prices. Therefore, stockouts may worsen 

health outcomes due to delays or prevention in accessing treatment. In particular, stockouts may 

worsen health equity as more vulnerable members of society are less able to access or afford 

alternate sources of care. 

In this study, we estimate the impacts of stockouts in the public sector. We quantify the 

change in private sector demand induced by a stockout, and examine the responses of private 

sector vendors to the reduced competition in the market.  Private vendors may change prices, the 

quality of care provided, or the menu of services and goods they sell.  They may treat vulnerable 

populations differently on one or more of these dimensions, which would have implications for 

equity.  

We examine these questions in the context of Uganda where malaria is endemic 

throughout the country year round, and the rates of illness are high. Ugandan children have two 

episodes of malaria per year and adults have an episode every other year on average (Orem et al., 

2012). User fees for public health facilities were eliminated in 2001 and all essential medicines 

are available for free through the public sector (Xu et al., 2006). However, stockouts remain a 

barrier to access. In 2012, 16 percent of health facilities reported a stockout of AL (UBOS, 2012), 

and more recent studies have reported even higher rates (Masters et al., 2014). Public sector 

patients report experiencing long waits, frequent shortages of drugs and supplies, and rude service 

from health workers (Nabyonga-Orem et al., 2008; Xu et al., 2005). Despite the out-of-pocket 
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costs incurred, many patients frequent the private sector, which retains a significant market share, 

with over 60 percent of caregivers reporting that they first seek treatment for malaria in the 

private sector (Rutebemberwa et al., 2009). For many patients, the convenience, reliability of 

supplies and/or the perceived quality of care received in the private sector is high enough to 

justify the potentially high out-of-pocket cost. 

The contribution of this paper is three-fold: (1) we quantify the negative welfare effects 

of stockouts, which has rarely been done despite the frequency with which stockouts occur 

worldwide, (2) we focus on the mechanism of competitive market changes on private sector 

health care which provides lessons for the regulation of the health care industry, (3) we include 

precise measures of the quality of the drugs dispensed (as a proxy for quality of care) which few 

have done before in this type of study.  

We analyze primary data collected from 114 villages in Uganda on the type of care 

received at private facilities, prices paid, and quality of care, including measured actual chemical 

ingredient quality of drugs, purchased by our team of “mystery shoppers”. We find that vendors 

increase the prices in response to periods in which there is a likely stock-out in the public sector. 

However, we find no change in the chemical quality of drugs dispensed. We find evidence that 

the poorest and least educated customers appear to drop out of the market, suggesting that high 

prices hamper demand. Our analysis suggests that improving the performance of the public sector 

health system may additionally lower prices in the private sector—a stated public policy goal— 

and maintain access for vulnerable groups.  

 

2. Literature review 

A stockout in the public sector eliminates a major competitor from the private health care 

market for malaria care, resulting in two competing effects.3 First, some public sector patients 

                                                
3 See Gaynor (2006) for a comprehensive review of the literature on the role of competition and 
market power in healthcare markets on the price, quantity, quality, and patient outcomes. 
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may be induced to instead seek treatment into the private sector. As a result, the private sector 

demand curve will shift out, increasing the price and quantity of antimalarial drugs sold in the 

private sector. On the other hand, stockouts also remove a competitor, thus increasing market 

power for private sector outlets. The increase in market power would similarly increase prices but 

also may reduce the quantity of antimalarial drugs sold in the private sector. Whether the net 

effect on quantity increases or decreases likely depends upon the elasticity of substitution 

between public and private providers. In contrast, predicting the net effect of stockouts on quality 

is difficult. While higher prices may be associated with higher quality, the lack of competition 

may create a “race to the bottom”, ultimately reducing the quality of medicines received. 

  

2.2 Public Sector Stockouts 

Although stockouts are frequently in many countries in the developing world, to our 

knowledge only three studies have attempted to quantify the effects of stockouts on consumer 

well-being. In a study in Tanzania, Mikkelson-Lopez et al., (2013) find that stockouts increase 

household expenditures by 21%; however, the study lacks adequate statistical power and 

coefficients are not significant. In a report by the Human Development Research Center, 

stockouts of contraceptive drugs in Bangladesh are estimated to have caused 47,000 additional 

births (Barkan et al., 2009). Pasquet et al., (2010) analyze the impact of drug stockouts for HIV 

positive patients and find stockouts increase the likelihood of care interruption and death in Cote 

D'Ivoire.  

2.3 Competition   

While prices are anticipated to decrease in response to competition, the effect of 

competition on other outcomes is uncertain. Empirical research of the effect of competition, has 

found mixed results of competition on quality and ultimately patient outcomes. For example, 

while Kessler and McClellan (2002) find that competition improves patient outcomes (measured 

in mortality) and lowers out-of-pocket expenditures, Gowrisankaran and Town (2003) find that 
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competition results in worse outcomes for patients. In contrast, Kessler and Geppert (2005) find 

that competition does not affect the average outcomes, but does increase the variance of both 

outcomes and expenditures. However, non-profit competition – as in from a public-sector 

provider—may induce differential effects on private sector outlets. While Grabowski and Hirth 

(2003) show that not-for-profit nursing homes improve quality among their local competitors, 

those results may not generalize to other settings. In the U.S. context, for example, non-profit 

ownership may be a signal of quality; in developing countries, government-run facilities may not 

signal higher quality. On the other hand, recent experimental and quasi-experimental work in the 

developing country context has also found that the introduction of a high-quality competitor 

improves quality and lowers prices in the pharmaceutical market (Bennett and Yin, 2015; 

Björkman et al., 2014).  

In addition, healthcare providers can increase consumer demand for certain products and 

services through recommendations and advice. Known as physician-induced demand (PID), this 

phenomenon is expected to be more prevalent where there is more competition between health 

care providers because physicians need to induce demand to raise profits (Evans, 1974).  As more 

competitors enter a market, PID leads to higher customer demand, unnecessary utilization and 

higher prices (McGuire, 2000). The structure of the private health sector market in Uganda with 

asymmetric information, strong profit motives and little official healthcare regulation, may 

maximize the analogous provider-induced demand. However, the extent to which physician-

induced demand exists or affects overall equilibrium quantities is hotly debated (McGuire, 2000, 

provides an overview of the literature).  

 

3. Background 

3.2 Health Systems in Uganda  

3.2.1 The Public Healthcare System 
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The health system in Uganda is a combination of public and private providers. In 2001 

Uganda adopted a model of service delivery based upon free access in the public sector. All user 

fees were eliminated in public health facilities for essential medicines and basic consultation 

services, financed by international donors such as the Global Fund. As a result, there was a 

dramatic increase in public sector utilization. Although the literature has noted that patient 

expenditures fell substantially following the elimination of user fees, the quality of care (as 

measured by drug availability and subjective service quality) received also fell by most accounts 

(Nabyonga-Orem et al., 2008; Xu et al., 2005; Orem et al., 2011).  

Patients report long waiting times and a lack of available medicines; these factors are the 

primary contributors to general dissatisfaction with the public health care system (Nabbuye-

Sekandi et al., 2011). The average waiting time in rural Ugandan health clinics is just over 2 

hours (Björkman and Svensson, 2009), which is in line with results of other studies suggesting 

that 33% of those seeking treatment at public hospitals wait for 2-4 hours and 40% wait for 

longer than 4 hours (Nabbuye-Sekandi et al., 2011). While high demand contributes to long 

waiting times, labor management factors in as well. Health workers are underpaid and 

overworked, contributing to a 53% rate of staff absenteeism (Björkman and Svensson, 2009). 

Finally, stockouts in the public sector are exacerbated due to the fact that deliveries arrive 

on a set schedule, not according to health facility demand.  All medical supplies at public sector 

outlets across the country are centrally procured from the National Medical Stores (NMS) in 

Kampala (the capital). Deliveries from the NMS to the primary district health facilities are 

conducted six times per year according to a set schedule. While managers at each health facility 

place orders typically one month ahead of the schedule, the delivery schedule is generally 

inflexible.  

Administrative logjams and poor transportation infrastructure further delay the actual 

delivery of supplies. Local health officials are intended to coordinate the delivery of drugs and 

supplies to each health facility in the district through private contracts under the “Last Mile 
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Delivery System” initiative.4 While this initiative appears to have increased the likelihood of 

deliveries reaching their final destination, institutional capacity is weak; rural areas in particular 

may still be underserved. In addition to supply chain problems, shortages may also arise when 

free medicines and supplies are taken from public sector facilities and sold illicitly in the private 

sector (known as “diversion”). In order to deter illegal resale of government drugs packages and 

tablets are clearly marked.5 However, as evidence that diversion is common, 8 percent of our 

sample is a diverted drug.  

 

3.2.2 The Private Healthcare System 

The private sector consists mostly of drug shops and medical clinics, with a small number of 

pharmacies, collectively called “outlets”.  There are approximately 17,000 drug shops and clinics 

throughout the country, and 440 registered pharmacies (Uganda Bureau of Statistics, 2012). 

These are primarily small and informal establishments: 64 percent of outlets in our sample have 1 

employee-owner, and 76% have 1-2 employees. There are officially clear distinctions between 

drug shops and clinics, including regulatory and minimum education requirements for owners. 

However, in practice the difference may be indistinguishable to customers as it may more 

indicate marketing strategies rather than regulatory compliance. Pharmacies in contrast, are 

typically larger, more formal establishments, which carry a substantially larger selection of items. 

Pharmacies are almost entirely located in district towns, and 80% of all pharmacies are located in 

the capital city of Kampala. 

 

                                                
4 There are officially ‘emergency’ deliveries, but there is no data or evidence on the frequency with which 
these occur. Given the high and persistent rates of stockouts nationally, these demand-driven deliveries 
appear to occur infrequently, and are likely only in response to epidemics, such as periodic cholera or 
typhoid epidemics. 
5 Each tablet is stamped with “MOH”, and each blister pack has on the back of it “GOVERNMENT OF 
UGANDA FOR PUBLIC USE ONLY NOT FOR SALE.” The label for the same brand is also of a 
different color. However, markings frequently appear look as if the markings were tried to be scratched off 
or the blister pack folded to minimize the prominence of the stamp.  
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3.2.3 Prices in the Private Sector 

Despite the revealed preference for the private sector, prices are relatively high in the private 

sector considering the free cost of care in the public sector. For example, other nationally 

representative studies have found that branded and originator drugs sell on average at 5.2 times 

their international reference price and lowest-price generics sell at 3.16 their international 

reference (Health Action International 2012). Although evidence suggests that widespread 

manufacturer subsidies on ACTs did decrease prices, first-line treatment is still unaffordable for 

many people. For example, the price of AL in our data is $3.19, three times higher than the target 

price and approximately 3.3 percent of reported median monthly income ($96). There are no price 

regulations on medicines in Uganda.   

 Quality is also low in the private sector. For example, there are problems in the private 

sector of counterfeit medicines, ranging from outright fakes to dilutions of authentic products 

(Nayyar et al., 2012; Atukunda and Fitzpatrick, 2015).6 Similar to other developing countries, 

providers are loosely regulated and may lack the training and expertise needed for adequate 

patient care. For example, Stanback et al., (2011) finds that up to 60 percent of providers in 

Uganda operate without the legal qualifications for their job which is similar to studies from other 

developing countries (Das and Hammer (2006) and Das et al. (2012)). Furthermore they find that 

providers are prone to misdiagnosing illnesses and the poor level of diagnostic quality among 

health professionals is attributable to a combination of incompetence and low levels of effort.  

 

3 Data 

We use three original data sources collected in Uganda in 2013 from (1) outlet medicine 

dispensers, (2) mystery shoppers, and (3) real customers at the same outlets to obtain a complete 

picture of local antimalarial drug markets. Our sample includes a set of 45 randomly selected 

                                                
6 The WHO defines a counterfeit as a product that is “deliberately and fraudulently mislabeled with respect 
to identity, composition, and/or source” (WHO Fact Sheet #275). Therefore under this definition, generic 
versions of branded or patented medicines that are chemically identical are not considered counterfeit. 
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parishes, 7 and we conducted a provider census in all 114 villages that contain at least one drug 

outlet, defined as an establishment that sells antimalarial drugs for profit.8  

We completed surveys at 452 outlets, an 89% completion rate in the analysis sample. Collected 

data include information on outlet characteristics, distance (in minutes walking) to public health 

facilities, products sold, prices charged, provider qualifications and market share. In addition, we 

we have price and transaction-level information from 933 purchases made by mystery shoppers. 

Two different mystery shoppers visited each outlet to purchase anti-malarial drugs from study 

outlets based on an assigned script. Drug quality testing using a handheld spectrometer was 

performed on drugs purchased from 879 transactions for which we had a high quality authentic 

comparison. 

Finally, we conducted a survey with a convenience sample of 824 real customers at 459 

drug outlets to collect data on customer demographics, travel distance, shopping behavior and 

reasons for choosing to shop at the private drug outlet.9  Nearly 42 percent of real customer visits 

occurred during a time when there was likely a stockout in the public sector. While the number of 

real customer surveys differs across outlets, the mean number of interviews per outlet is 2.5.  

 

3.1 Drug Testing Methodology 

Field workers recorded drug characteristics including brand, expiration date, number of 

tablets, and presence of public sector markings indicating it was diverted. Drugs were then tested 

                                                
7 According to the 2002 census, the average size of a parish is 4,625 people. The average size of villages 
was not reported [Uganda Bureau of Statistics, 2008]. 
8 Note that this definition does not require that the establishment actually make a profit, but does exclude 
public sector and nonprofit health facilities. The study also includes a small number of other types of 
outlets (e.g.) individuals who sell antimalarial drugs out of their homes, or shops that specialize in another 
market, such as hardware stores, but also sell antimalarial drugs. However, herbal shops are excluded from 
the sample frame, as are charitable or public sector hospitals or pharmacies. Full details of data collection, 
drug testing, and results of mystery shopping, are described in Fitzpatrick (2016). 
9 Customers were asked to participate in a short survey as they were leaving the establishment on selected 
days. The vendor was not aware that customers were being approached subsequent to the encounter. While 
a target was set of interviewing a minimum of three customers per outlet, in practice this was not achieved. 
The refusal rate was high at 37 percent. In addition, in some areas it is common for children to be sent to 
purchase drugs; our protocol only allowed for adults to be interviewed. The characteristic most associated 
with having a real customer interview is the total number of customers. See Fitzpatrick (2016) Appendix.  
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at the University of Michigan with a handheld Raman spectrometer, the TruScanTM RM. Testing 

consists of comparing a purchased tablet with a separate, high-quality authentic tablet of the same 

brand. In order to perform analysis at the transaction level, we define “substandard” as a 

purchased drug dosage that had at least one tablet whose chemical composition could not be 

conclusively identified as any high-quality brand in the library. These medicines are less likely to 

be medically effective.  

 

4  Empirical Strategy 

4.1 Identification Strategy 

We leverage plausibly exogenous supply shocks in the public sector generated by a 

centrally determined drug delivery schedule to study the effect of stockouts on market outcomes 

and overall social welfare.  Public sector health facilities receive shipments of supplies from the 

National Medical Stores approximately 6 times per year according to pre-determined delivery 

schedules. The schedule is set nationally at the beginning of the fiscal year, and varies by district.  

Our main empirical strategy compares differences in outcomes between mystery shopper visits 

that occur before or after the scheduled drug delivery date for public health facilities in the district. 

We account for any time-varying trends by differencing outcomes between markets more or less 

affected by the public sector stockout—whether the market has a public sector health facility, or 

not. Specifically, over the period of data collection malaria caseloads—and thus likely malaria 

prevalence—were falling over the study period (MOH 2015). 

The identification assumption that the scheduled delivery date is uncorrelated with other 

factors affecting behavior of shop vendors and consumers is supported by the characteristics of 

the institutional context. Drug shipments for the regions are centrally coordinated through the 

National Medical Stores and the same for all health facilities within regions so they are 

uncorrelated with individual market (village) characteristics. The delivery schedule is set to 
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deliver shipments approximately every two months; specifically, the schedule does not change or 

deliver more frequently during the two seasonal peaks for malaria. Unfortunately, we lack data on 

the actual delivery date to each facility. However, using the scheduled delivery date instead of the 

actual delivery date is potentially preferable in that it may alleviate concerns that market 

characteristics that may affect shipping times—such as transportation availability or infrastructure 

quality – might be confounding results.  

The second identifying assumption is that demand for anti-malarials cannot be fully 

adjusted around potential or actual stockouts, which is supported by three characteristics of the 

disease.  First, though malaria has two seasonal peaks and is the most common illness in the study 

area, it is difficult to anticipate the timing of the need for anti-malarials because it is endemic year 

round and transmission to individuals is highly stochastic.  Second, malaria is an acute illness that 

can worsen day by day so strategically delaying treatment seeking until after the drug shipment is 

rarely a viable option. Third, hoarding of malaria pills entails a high opportunity cost due to their 

high prices in the private sector and Uganda’s underdeveloped capital markets (Cohen et al. 

2015).  Similarly, public health facilities are unlikely to provide free drugs to healthy patients for 

hoarding because of the opportunity cost of being unable to provide them to sick patients during a 

shortage. 

4.2 Estimating Equation 

We estimate the following fixed effects specification for transaction ‘t’, in outlet ‘s’ in 

village `v’: 
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at the time of the shopper purchase, and similarly when the actual delivery occurred. Third, 

malaria is the most common illness in the study area. The corresponding symptoms make 

strategic behavior on part of individuals less likely. Malaria is an acute illness, suggesting that 

individuals would be unlikely to strategically delay receiving treatment until the shipments 

arrived.  Malaria is endemic throughout the country all year round, and thus demand for malaria 

treatment is unlikely to be correlated with the delivery schedule that is determined a year in 

advance. Finally, anti-malarial medicine is relatively expensive for the population, even during 

times when the public sector facility has drugs. As a result, incentives to hoard medicines during 

times when prices are cheaper are mitigated due to the high opportunity cost of storing medicines. 

Similarly, the hypothesis that workers at public health facilities donate free drugs to individuals 

such that they can hoard them is unlikely.    

 

5.2 Estimating Equation 

We estimate the following fixed effects specification for transaction ‘t’, in outlet ‘s’ in 

village `v’: 

 

! ! !!!"# ! !!! ! !!!!"#$%&'()$*!!"#$%$&' ! !!!!"#$!!"!#$%!&' ! !!!"#$%&'()$*!!"#$%$&'

! !!"#$%"&"'()"%* ! !!! ! !!!! ! !!"#!!

 

where Y are measures of price, drug quality, service quality, or other outcomes of interest. 

BeforeDelivery is a dummy variable indicating whether or not the transaction occurred during a 

time in which the public facility was likely to have a stock-out, and PublicHealthFacility is a 

dummy variable for whether or not there is a public health facility in that village.8. The 

coefficient of interest is !! , which identifies how the gap in price or quality changes during times 

of a stockout between areas with or without a public health facility. We include the interaction 
                                                
8 This variable is a dummy because there are no villages with multiple public sector health facilities.  

 

where Y are measures of price, drug quality, service quality, or other outcomes of interest. Likely 

Stock-out is a dummy variable indicating whether or not the transaction occurred during a time in 

which the public facility was likely to have a stock-out, and PublicHealthFacility is a dummy 
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variable for whether or not there is a public health facility in that village.11 The coefficient of 

interest is β3, which identifies how the gap in price or quality changes during times of a stockout 

between areas with or without a public health facility. We include the interaction because while 

the shipment arrival should be a supply shock to all markets in the district, the effects would be 

particularly strong in villages within close proximity to a public sector provider.  

There may be remaining concerns of simultaneity bias affecting estimates of equilibrium 

outcomes. In other words, there may be unobserved factors affecting both the timing of the 

mystery shopper purchase and outcomes of interest, such as factors correlated with either supply 

or demand. Therefore, to reduce potential bias, we include a parish fixed effect γ to control for all 

that factors that vary at the parish level. We also include X, controls for possible confounding 

characteristics, such as the establishment type, the week of the year, the visit order and the script 

that was used to purchase the medicine. All standard errors are clustered at the village level to 

account for the potential correlation of outcomes within a market. 

 

5 Descriptive Results and Summary Statistics  

5.1 Market and private sector outlet characteristics 

We define markets as villages because the majority of patients will likely seek anti-

malarials within their village.12 Summary market characteristics are presented in Panel A of Table 

1.  Villages (markets) are relatively small, with a population of about 1,200 on average and a 

median of 600.  Approximately 12% of villages have one public sector facility present, and none 

have more than one.  Despite the small size of the markets, there are on average 3.6 private sector 

outlets in each village, of which approximately 2 are drug shops.  The private sector market 

concentration defined by the Herfindahl-Hirshman index (HHI) is 0.55 on a scale of 0 (perfect 

competition) to 1 (monopoly), which indicates that markets are highly concentrated (Federal 
                                                
 
12 In our data, convenience is the most common reason cited among real customers for picking that 
particular outlet for their antimalarial drug purchase. 
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Trade Commission, 2010).13 None of these characteristics are statistically significantly different 

between villages with or without a public health facility. In addition, the presence of a public 

health facility was not correlated with the likelihood of being in our sample of parishes. 

Panel B of Table 1 presents characteristics of drug outlets. Outlets are generally small, 

seeing approximate 22 customers per day. For comparison, in the 2012 Uganda National 

Household Survey, public sector facilities in our set of districts report seeing a median of 200 

patients per day. Vendors report knowing 43 percent of customers by name on average, 

suggesting that they are relatively familiar with their customers.  In addition, only about one-third 

of private providers have an operating license displayed or are estimated to meet the legal 

qualifications to dispense medicines based on survey responses to education qualifications and 

years of experience. Outlets on average stock 5.3 different types of antimalarials (some of these 

may have low effectiveness due to widespread drug resistance, however), but only 54% sell any 

type of malarial diagnostic test. Outlets have 2.3 employees on average, although the median is 1 

employee. Outlets in general make modest profits– the median value is $77 per month. Providers 

at private outlets report that the nearest private sector provider is within 7 minutes walking 

distance on average, while the nearest public sector provider is 40 minutes away.  

Controlling for a parish fixed effect, several of these characteristics statistically differ 

between outlets with or without a public sector health facility: whether the dispenser is qualified, 

mean profits, and distance to nearest public sector health facility. The contrast between the lack 

of village-level differences but several outlet-level differences suggest that villages containing a 

public sector health facility are more or less comparable, but that the composition of outlets 

within villages changes endogenously with the presence of a public sector competitor.14 These 

                                                
13 The HHI is the sum of squared shares for each private outlet within the market/village. We lack 
information on patient visits to public sector facilities.  
14 In our data, we lack additional characteristics of the villages to test for differences. However, the 2012 
Uganda National Household Survey (UNHS) contains additional information on village characteristics. 
Villages with a public health facility are significantly more likely to have a murram road (compared to a 
dirt road). They are also more likely to have a private health facility (i.e., clinic or hospital), less likely to 
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differences may be concerning to our identification strategy, as these differences may suggest that 

unobserved differences between villages with and without a public sector facility driving our 

results. However, it is comforting to note that potential bias from these differences will likely 

work to make our empirical estimates on price more conservative. For example, lower profits and 

closer distance to the public sector are indicative of increased competition due to public sector 

facilities; that competition would therefore result in lower prices ceteris paribus. However, our 

hypothesis is that the shortages would increase prices—thus, the bias works against us finding 

any results. Similarly, the lower prevalence of qualified in public sector villages (controlling for a 

parish fixed effect) would also likely be associated with lower prices.  

 

5.2 Patient characteristics 

Table 2 presents sample averages the behavior and preferences of real customers who 

sought health care in the private sector. Among customers who patronize private sector providers, 

there appears to be a high degree of substitutability between public and private outlets: 62 percent 

of private sector customers report also visiting a public health facility to obtain medicines. 

Loyalty to a given private sector outlet is low: 87 percent shop at other private sector facilities, 

while only 13 percent of customers exclusively shop at one outlet. Demographic characteristics 

overlap between the two sectors. A greater proportion of those who had ever visited public 

facilities were women, but otherwise individuals who report visiting public health facilities to 

obtain medicines do not differ by reported income, whether they were buying for an adult or a 

child, their knowledge of malaria, or the distance walked to the private provider. On the other 

hand, customers’ preferences differ between the two sectors: those who had ever visited public 

facilities are more likely to report that convenience, fast service, and the quality of customer care 

the main reasons for choosing the particular private outlet. They are also more likely to report that 

                                                                                                                                            
have a pharmacy, and are more likely to have a primary school. However, in the districts covered by our 
study there are no significant differences for any of these characteristics between villages with an without a 
public health facility in the 2012 UNHS. 
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low prices was an important draw. Customers who had never visited a public facility were more 

likely to express confidence that the local public health facility had AL in stock; those who had 

ever visited a public facility are more likely to express uncertainty. 

 

6 Identification strategy: linking delivery dates and stockouts 

One limitation of our data is that we do not know the actual delivery date of shipments to 

the public health facility, only the planned delivery dates.15 Therefore, we use UNICEF MTRAC 

data to provide evidence on the links between scheduled delivery dates and drug availability in 

public health facilities.16 UNICEF created MTRAC in 2009 to increase accountability at public 

health facilities by enabling healthcare workers to SMS weekly updates on facility stocks as well 

as report absenteeism, bribery, or stolen drugs.  MTRAC was initiated in Uganda in 2011, but did 

not have full coverage around the country until 2014.  We use data from the first 35 weeks of 

2015, which is likely to be representative of the 2013 period during which our study was 

conducted.   

Figure 1 shows that 2-3 weeks prior to a delivery date, there is a statistically significant 

increase in the percentage of facilities within districts that report a complete stockout of ACTs. 

Table 3 presents the point estimates from this regression (Column 1). Districts on average report a 

6 percentage point drop in the proportion of facilities in their district with a complete stockout 

between one week prior and one week following the week of scheduled delivery. This effect is 

sizeable. On average, in the week of delivery 19.6 percent of facilities within the district are 

completely out of stock. These patterns suggest that the scheduled delivery date to public sector 

health facilities is correlated with actual stocks at public health facilities. However, the decrease 

in stockout likelihood is observed even prior to the delivery date, suggesting that some facilities 

                                                
15 Note that even if we had the actual delivery date, the planned delivery date would likely be a preferable 
proxy for stockouts. Using the actual delivery date shipments arrive may confound factors such as 
transportation costs or facility management practices with characteristics of the village that may affect price 
or quality.  
16 See http://www.mtrac.ug/content/mission-vision-objective. 
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receive stocks prior to the scheduled delivery date. Therefore, our strategy of using the scheduled 

delivery date as a measure of stockout should be seen as conservative, as it will make it more 

difficult to observe differences. In addition, there is likely too much measurement error to 

examine differences by day leading up to the delivery date. 

Column 2 of Table 3 examines whether the delivery date is correlated with partial 

stockouts. The delivery shipments appear to have a smaller effect on the percentage of facilities 

with partial stockouts, which are very common: on average, 44 percent of facilities in districts are 

out of some types of antimalarials at any given report. It is not until two weeks after the delivery 

date that there is a significant decrease in the fraction of public sector outlets in a district 

reporting a partial stockout (i.e., a stockout of some antimalarials, but not all). These estimates 

suggest that deliveries do not seem to deliver according to the stocks of what is absent within a 

given facility. In other words, deliveries prevent facilities from not having any medicine, but 

shortages of specific packs remain. Finally, one concern is that MTRAC is a voluntary reporting 

system, and thus reporting of stockouts may also change. While Column 3 of Table 3 shows that 

delivery dates are also correlated with MTRAC reports,  results are similar, though noisier due to 

smaller sample sizes, when restricted to the set of facilities with complete reporting data or to the 

subset of districts in our sample (not shown).  

 

7 Results 

7.1 Measures of Demand 

Table 4 presents results on the impact of stockouts on demand for antimalarial drugs in the 

private sector. We measure demand by village-level market share held by each private health 

facility and the total number of customers purchasing antimalarial medicines in the last week.  

Because these measures are all taken from the drug vendor survey, we run this analysis at the 

outlet level (N=442). We use the same specification as in Equation (1); however, in this instance 

the variable BeforeDelivery variable refers to whether the survey was conducted before or after 
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the shipment date.17 In Column 1, we show that vendors report a statistically significantly hhigher 

market share in villages with a public health facility in the period before the delivery date. 

Customers seeking antimalarial drugs may drive this effect. While there is an insignificant 

increase in the number of customers buying a full dosage of AL (Column 2), there is a significant 

increase of 14.6 more customers buying a full dosage of any type of antimalarial drug (Column 

3). Stockouts, however, have a negligible effect on the number of customers buying partial 

dosages of antimalarial drugs, either AL or overall (Columns 4 and 5). Because customers 

typically would only buy a partial dosage if they could not afford a full dosage, these numbers 

suggest that stockouts increase demand for antimalarial medicines—but likely do not increase 

utilization among the poor.   

7.2 Prices and Quality 

Table 5 shows that prices paid by private sector customers are higher during stockouts.18  

The price is $0.75 higher during times of a stock-out in areas with a public sector health facility, 

significant at the 1 percent level (Column 2). While prices are heavily skewed, this result is robust 

to a log specification; prices are 36.5 percent higher during periods of stock-outs in areas that 

have a public sector facility (exponentiated coefficient reported). . While our shoppers followed a 

protocol guiding which drugs that they were to purchase, we can also examine what would have 

happened if shoppers had purchased the drug recommended by the vendor.19 We find that the 

price offered to shoppers of the most recommended product was $1.01 higher.  

During the vendor survey, we also collected information on the supplier costs of purchasing 

drugs; we use this information to calculate the profit to the vendor for selling the drug at that 
                                                
17 We also control for the total number of customers that patronize the outlet on a particular day to account 
for differing shop sizes.  
18 In Appendix A, we show that stockouts do not appear to change the type of drugs purchased. There is no 
difference in the likelihood of the shopper buying AL or other types of antimalarials such as sulphadoxine-
pyrimethamine or quinine. There is also no effect of stockouts on the likelihood of a successful purchase 
(not shown).  
19 Vendors did not recommend a product during all transactions. During transactions at which there was no 
recommendation given, we use the offer price prior to any bargaining. During transactions at which there 
was a recommendation given, we use the price offered by the vendor for that product.  
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price. We find profit margins on drugs are a statistically significant $0.92 higher during a 

stockout for private vendors with a local public health facility. The magnitude of the increase for 

per-drug profit margins is larger than the magnitude of the price effect, suggesting that the 

observed price increases are not due to higher costs of inputs to vendors. Following Kling et al. 

(2007), we collapse all price-related measures into the average z-score across four price-related 

variables: the offer price, the price paid, the price variation, and whether the transaction involved 

bargaining. This aggregate measure shows that prices increased in response to stockouts in 

affected villages 

In contrast, we see few changes in the quality measures during stockouts (Table 6).  Private 

vendors in markets that contain a public health facility are no more likely to give substandard 

doses (as measured by the chemical makeup). However, drug quality in our sample is relatively 

high—only 3.6 percent of all purchases are classified as substandard. While the point estimate on 

for the outcome of ‘receiving an incorrect dosage’ is large in magnitude at 8.3 percentage points, 

this value is not statistically significantly different from zero (p=0.233). Perhaps not surprisingly, 

we also observe a sharp decrease in the likelihood of purchasing a diverted drug (i..e, a drug 

likely stolen from the public sector) during times of stockouts; the impact is a 0.23 percentage 

point decline. Similarly, the z-score drug quality index—which also increases statistical power—

shows no significant effect of stockouts on quality. We conclude that the most substantial effect 

of stockouts appears to be on the price paid for antimalarial drugs, and there is generally not a 

large effect on quality.  

7.3 Results from Customer Data 

We perform a similar set of regressions using data collected from real customers 

frequenting the study drug outlets.  As above, our coefficient of interest – a transaction that 

occurred prior to scheduled delivery dates in markets with a public health facility – captures the 

impact of stockouts on consumers (Table 8).  Column 1 of Panel A shows that customers who 

shop when stockouts are more common are less likely to have low education levels; Column 3 
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shows that customer reported income is no lower during these periods, on average. This pattern 

suggests that low education consumers who are unable to obtain medicine at public facilities may 

be going without care. Further evidence of the composition of customers changing is that 

customers report walking an average of 10 minutes farther to reach the outlet (Column 4).  

Column 5 shows that customers during likely stockouts were actually slightly less likely to 

purchase an anti-malarial. Panel B restricts the same analysis to customers who reported 

purchasing an anti-malarial. We see similar patterns for education and income as in Panel A, 

however average monthly income reported among customers who purchased an anti-malarial 

during a likely stockout was a statistically significant $128 higher. The reported purchase price 

for anti-malarials during this time was $0.62 higher, but was not statistically significant. 

 

8 Mechanisms:  

8.1 Robustness checks 

In Table 9, we perform “placebo regressions”, where we replace outcomes of interest 

with other characteristics of the transaction that are unlikely to be affected by public sector 

stockouts. These results demonstrate that there is no statistically significant difference in vendor, 

customer, transaction or outlet characteristics between observations occurring before the 

scheduled drug delivery date and after. Specifically, we examine the relationship between 

scheduled delivery date and the following variables: shopper gender, vendor gender, vendor body 

mass, language of the transaction, area of the shop, whether the outlet name is publicly posted, 

time of day of the visit, weekend visit or whether the provider had his/her baby or small child at 

the shop. None of these coefficients are statistically significant. Our results provide reassurance 

that main results are not spurious and that unobserved aspects of the data collection are not 

confounding the results. 

 

9 Conclusion 
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Large-scale efforts to increase access to high-quality essential medicines by subsidizing 

manufacturers and reducing user fees at public health facilities are hampered by the high 

frequency of stockouts. In this study, we quantify whether public sector stockouts undermine the 

effectiveness of subsidies to reduce prices in the private sector. This impact is a rarely measured, 

but substantially important for social welfare. Our identification strategy uses the impact of 

scheduled drug delivery dates to estimate the effect of stockouts on prices in the private sector. 

While we lack data on actual delivery dates, which do not always correspond with scheduled 

delivery dates, the implication is that our results are therefore underestimates of the true impact of 

stockouts.  

We find that during periods when stockouts were more likely to occur, private sector 

drug outlet demand increases and drug prices rise, accompanied by a slight decrease in the 

likelihood of receiving an incorrect dosage. Overall there is no measurable change in the 

chemical quality of the anti-malarial drugs dispensed. We find no significant change in the type 

of drugs purchased, although there may be some concern that some customers are being shifted to 

less expensive, but generally ineffective anti-malarials such as SP and quinine. We find that these 

market effects appear to change the type of customer that patronizes outlets during a stockout., 

Specifically, the customer composition includes a lower share of those least educated, which 

suggests that vulnerable populations, who may be more susceptible to malaria transmission, are 

also most affected by public sector stockouts because they are least able to afford care in the 

private sector.  

The implications of our work are four-fold, First, stockouts cause negative impacts 

beyond the usual focus on resulting negative health outcomes, In particular, they may affect 

economic variables such as prices and overall functioning of the private sector for essential 

medicines, decreasing consumer welfare through non-health channels. Second, stockouts in the 

public sector may cause negative spillovers for customers in the private sector. Even those 

customers who never frequent the public sector may be adversely affected by stockouts through 
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higher prices. These higher prices in themselves undercut the policy goals associated with large-

scale subsidies, additionally wasting resources and efforts. Third, although regulations are weak 

in developing countries, more attention should be made by those agencies to find market-based 

strategies to improve the functioning of public sector facilities. For example, regulators could 

encourage competition that lowers prices and appears to have a positive, if weak, affect on 

quality. The potential improvements in public sector provider operations, supply chains, and 

logistics may improve quality of care for the majority of patients who first seek treatment in the 

private sector. Finally, the design of public-private partnerships should consider mechanisms that 

allow the private sector to better mitigate the negative impact of public sector stockouts. This is 

an area for future work, but promises to use economies of scale to improve effective service 

provision to the masses, and particularly those in vulnerable groups.  Eliminating stockouts 

should be a global health priority to improve health and increase wealth in poor countries.
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All

No Public 
Health 
Facility

Public Health 
Facility Difference

(N=142) (N=125) (N=17)
Panel A: Market (village) Characteristics (1) (2) (3) (4)
Population (mean) 1201 1222 1059 163
Population (median) 600 600 800 -200
Public health facility present 0.12 0.00 1.00 -1.00
Number of private outlets 3.61 3.49 4.53 -1.04
     Number of drug shops 2.09 1.95 3.12 -1.17
     Number of clinics 1.30 1.32 1.18 0.14
     Number of pharmacies 0.22 0.22 0.24 -0.02
Market concentration index (HHI) 0.55 0.56 0.52 0.03

All

No Public 
Health 
Facility

Public Health 
Facility Difference

(N=452) (N=379) (N=73)
Panel B: Outlet-Level Characteristics (1) (2) (3) (4)
Number of customers (per day) 21.80 21.87 21.47 0.40
Percent customers known by name 0.43 0.43 0.43 0.00
Lives nearby 0.87 0.86 0.93 -0.07
License displayed 0.35 0.34 0.38 -0.04
Dispenser is qualified 0.36 0.35 0.38 0.00**
Score on Malaria Literacy Questions 0.81 0.81 0.80 0.01
Number of antimalarial drugs in stock 5.33 5.39 5.03 0.37
Malaria tests for sale 0.54 0.54 0.56 -0.03
Average number of employees 2.32 2.29 2.47 -0.17
Mean monthly profits (USD) 434.96 483.63 188.26 387.74**
Median monthly profits (USD) 77.13 77.13 77.13 0.00
Minutes walk to nearest private provider 7.00 7.09 6.51 0.59
Minutes walk to nearest public provider 39.62 44.12 16.75 27.90***

Table 1: Summary Statistics from Vendor Survey

Notes: Data are from the drug outlet census and the drug vendor survey.  Sample is restricted to 
Population size was missing for 11 of 114 villages. HHI indicates the Hirfindahl-Hirschman Index of 
market concentration calculated by summing the squared market shares of all outlets in the village. T-
test of differences control for parish fixed effects and cluster standard errors at the village level.   *** 
p<0.01, ** p<0.05, * p<0.1.



All
Ever Visit 

Public 
Never Visit 

Public

P-Value of 
Difference, 
Parish FE

N=832 N=524 N=318
(1) (2) (3) (4)

Shopping Behavior 
    Do Not Shop Anywhere Else 0.13 0.03 0.30 0.00***
    Ever Shop at Private Sector Facility 0.87 0.97 0.72 0.00***
    Ever Visit a Public Sector Facility 0.62 1.00 0.00 0.00***
Demographics
    Female 0.49 0.53 0.43 0.02**
    Income, USD 133.89 119.99 157.31 0.21
    Bought for an Adult 0.85 0.85 0.84 0.74

    Malaria Score 0.72 0.71 0.74 0.23
    Distance Walked to Arrive (Minutes) 21.87 22.54 20.84 0.32
Why Choose This store? 
    Convenience 0.55 0.72 0.53 0.00***
    Fast Service 0.35 0.49 0.28 0.00***
    Customer Care 0.33 0.47 0.25 0.00***
    Knowledgable Staff 0.28 0.33 0.32 0.95
    Cheap Prices 0.21 0.30 0.15 0.00***
    Product Choice/Variety 0.14 0.17 0.17 0.53
Does the public health facility have AL in stock?
    Yes 26.95 0.23 0.32 0.03**
    No 9.94 0.10 0.10 0.99
    I don't know 63.11 0.67 0.55 0.00***

Table 2: Summary Statistics from Customer Data

Notes: Sample is 842 customers who patronized study outlets. Multiple responses for shopping 
behavior and why they chose that particualar store were allowed. Income is measured in USD and 
contains income from all sources over the past month.*** p<0.01, ** p<0.05, * p<0.1.



Proportion 
Facilities in 
District with 

Complete 
Stockout

Proportion 
Facilities in 
District with 

Partial Stockout

Fraction Facilities 
in District 

Reporting in 
MTRAC

VARIABLES (1) (2) (3)
3 weeks before delivery date 4.371*** 0.207 0.727

(0.825) (0.608) (0.687)
2 weeks before 2.850*** 0.21 0.139

(0.957) (0.582) (0.668)
1 week before 1.125 -0.254 -0.3

(0.816) (0.642) (0.728)
1 week after delivery date -4.748*** -1.063 -1.235

(0.911) (0.678) (0.842)
2 weeks after -3.201*** -1.485** -1.406*

(0.928) (0.628) (0.758)
3 weeks after -4.484*** -0.813 -0.314

(0.739) (0.729) (0.784)
Constant 14.673*** 39.707*** 48.402***

(1.100) (1.054) (1.099)

Mean of Dependent Var for Week of Delivery 19.556 44.160 52.746
Observations 4,018 4,018 4,030
R-squared 0.467 0.754 0.749

Table 3: Frequency of Reported Stockouts Relative to Scheduled Delivery Date  

Notes: Sample is all districts reporting to MTRAC in the first 35 weeks of 2015. The dependent 
variable is the fraction Regressions include week of year dummies and district fixed effects.  
Robust standard errors in parentheses, clustered at the district level. *** p<0.01, ** p<0.05, * 
p<0.1.  Source: Author estimates using MTRAC data (2015).



VARIABLES

Market Share of 
Village

Total # Customers 
Buying A Full 

Dose of AL in Past 
Week

Total # Customers 
Buying A Full 
Dose of Any 

Antimalarial in 
Past Week

Total # Customers 
Buying A Partial 

Dose of AL in Past 
Week

Total # Customers 
Buying A Partial Dose 
of Any Antimalarial in 

Past Week

(1) (2) (3) (4) (5)
Public Health Facility -0.094 -6.543 -7.031 -0.734 -0.789

(0.096) (4.417) (4.524) (1.088) (0.546)
Before Delivery 0.031 0.674 -0.055 2.159 0.121

(0.049) (11.495) (11.655) (2.920) (1.514)
Public Health Facility*Before Delivery 0.168 10.302* 14.668** 0.351 0.16

(0.130) (5.812) (5.878) (2.557) (2.593)
Drug Shop 0.003 -32.986 -32.837 1.465 1.359

(0.042) (24.847) (24.806) (1.895) (0.876)
Clinic -0.017 -29.57 -29.146 0.677 1.545*

(0.040) (25.074) (25.027) (1.964) (0.790)
Number of Customers 0.003*** 0.258*** 0.271*** 0.031* 0.012

(0.001) (0.064) (0.056) (0.018) (0.012)
Constant 0.077 31.765 33.362 0.624 -0.451

(0.063) (27.792) (27.657) (2.443) (1.113)

Observations 444 442 442 442 442
R-squared 0.587 0.141 0.148 0.139 0.13

Table 4: Effect on Market Demand 

Notes: Sample is all vendors with a completed survey. Market Share of Village is the percentage of all customers in the village that patronized 
that establishment. Total Number of Customers is calculated from the total number of people who were dispensed malaria drugs at that 
establishment over the previous week. Total Number of Customers (All) is the reported total number of customers visiting the outlet the 
previous day. Public Health Facility is a dummy variable indicating that the village contains a public health facility. Before Delivery is a 
dummy variable indicating the vendor survey was conducted before the next scheduled supply delivery to the public sector. Drug shop or clinic 
is based upon the census. All regressions include a parish fixed effect and a control for week of year. Robust standard errors in parentheses, 
clustered at the village level. *** p<0.01, ** p<0.05, * p<0.1



VARIABLES
Price Paid Ln (Price Paid) Calculated Profit 

Margin
Price Recommended 

Option, USD Z Price Index

(1) (2) (3) (4) (5)
Public Health Facility 0.038 0.032 -0.159 0.079 0.073

(0.163) (0.060) (0.144) (0.193) (0.085)
Before Delivery -0.203 -0.093 -0.149 -0.24 -0.125

(0.189) (0.067) (0.174) (0.322) (0.106)
Public Health Facility*Before Delivery 0.753*** 0.311*** 0.923*** 1.009*** 0.417***

(0.194) (0.077) (0.181) (0.246) (0.095)
Drug Shop 0.276 0.051 0.442** 0.11 0.125

(0.194) (0.058) (0.210) (0.253) (0.103)
Clinic 0.675*** 0.137*** 0.822*** 0.433** 0.299***

(0.208) (0.049) (0.206) (0.212) (0.086)
Constant 2.623*** 0.685*** 0.771 0.384 -0.855***

(0.879) (0.130) (0.916) (0.405) (0.245)

Observations 933 933 913 933 913
R-squared 0.346 0.395 0.317 0.381 0.386

Table 5: Effects of Public Sector Competition on Price

Notes: Sample is all purchases from mystery shopping. All prices are in USD. The exchange rate is $1=2593 UGX. Profit Margin of 
Drug Bought is calculated by subtracting the price paid minus the cost to the vendor. Costs to the vendor are the average cost by brand 
at the village level. For several observations there was no data on the cost to the vendor. Public Health Facility is a dummy variable 
indicating that the village contains a public health facility. Before Delivery is a dummy variable indicating the vendor survey was 
conducted before the next scheduled supply delivery to the public sector. Drug shop or clinic is based upon the census. All columns 
include controls for random assignment, visit order, week of year, and a parish fixed effect. Robust standard errors in parentheses, 
clustered at the village level.*** p<0.01, ** p<0.05, * p<0.1



VARIABLES
Substandard Incorrect Dosage

Diverted 
Drug

Drug Quality 
Index

(1) (2) (3) (4)
Public Health Facility 0.023 -0.105*** 0.045 0.134

(0.035) (0.033) (0.046) (0.298)
Before Delivery -0.007 -0.132*** 0.008 0.158

(0.020) (0.031) (0.016) (0.154)
Public Health Facility*Before Delivery -0.001 0.083 -0.231** -0.013

(0.089) (0.069) (0.103) (1.363)
Drug Shop 0.001 -0.072 0.009 0.137

(0.027) (0.057) (0.019) (0.362)
Clinic -0.005 -0.061 0.016 0.06

(0.024) (0.051) (0.016) (0.271)
Constant 0.097 0.198** 0.101 -0.568

(0.084) (0.088) (0.070) (0.418)

Observations 879 928 933 879
R-squared 0.123 0.112 0.391 0.171
Notes: sample in column 1 is all purchases that could be tested with the handheld spectrometer. 
Sample in columns 2-4 is all purchases. Substandard is a dummy variable indicating that at least one 
tablet within the purchased dosage failed the handheld spectrometry test. Diverted Drug indicates 
that the drug had markings on it indicating that it originated in the public sector. Drug Quality index 
is the average z-score of the family of outcomes related to drug quality coded such that the sign of 
all outcomes is the same. Variables include diverted drug, counterfeit, substandard, fraction tablets 
counterfeit/substandard. Public Health Facility is a dummy variable indicating that the village 
contains a public health facility. Before Delivery is a dummy variable indicating the vendor survey 
was conducted before the next scheduled supply delivery to the public sector. Drug shop or clinic is 
based upon the census. All columns include controls for random assignment, visit order, week of 
year, and a parish fixed effect. Robust standard errors in parentheses, clustered at the village 
level.*** p<0.01, ** p<0.05, * p<0.1

Table 6: Effects of Public Sector Competition on Drug Quality



VARIABLES
Female 
Shopper

Female 
Vendor Body Size English Runyankole

Calculated 
Shop Area

No Name 
Posted 
Outside

Morning 
Visit 

Afternoon 
Visit

Evening 
Visit

Weekend 
Visit

Had a 
Baby in 

Shop 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Public Health Facility -0.015 0.160* 0.219 -0.04 0.011 3.005 -0.027 -0.081 0.244*** -0.164*** -0.048 -0.007
(0.079) (0.085) (0.319) (0.058) (0.015) (10.083) (0.069) (0.081) (0.080) (0.056) (0.061) (0.034)

Before Delivery -0.027 0.163** 0.22 0.082 0.015 -1.951 0.003 0.074 0.173 -0.247** -0.289** 0.009
(0.110) (0.067) (0.371) (0.092) (0.012) (4.856) (0.052) (0.064) (0.131) (0.119) (0.132) (0.040)

Public Health Facility*Before Delivery 0.058 -0.137 0.087 0.11 -0.04 -8.27 0.148 0.076 -0.158 0.082 0.056 0.011
(0.125) (0.128) (0.393) (0.067) (0.044) (13.086) (0.114) (0.090) (0.120) (0.098) (0.082) (0.055)

Drug Shop -0.025 0.185** 0.378 -0.062 0.013 -40.652*** 0.414*** -0.124* 0.099 0.025 0.037 0.077**
(0.055) (0.082) (0.243) (0.045) (0.009) (10.060) (0.065) (0.071) (0.079) (0.066) (0.077) (0.032)

Clinic -0.024 0.075 0.114 -0.02 0.004 -33.553*** 0.045 -0.131* 0.097 0.034 0.074 0.050**
(0.048) (0.068) (0.249) (0.045) (0.004) (10.852) (0.033) (0.067) (0.080) (0.075) (0.069) (0.022)

Constant -0.04 0.492*** 3.308*** 0.141 0.546*** 52.404*** 0.347*** 0.579*** 0.167 0.254** 0.819*** 0.064
(0.145) (0.146) (0.362) (0.099) (0.043) (14.879) (0.096) (0.110) (0.137) (0.119) (0.138) (0.053)

Observations 933 932 863 933 933 926 933 933 933 933 933 927
R-squared 0.118 0.134 0.116 0.315 0.981 0.214 0.534 0.249 0.155 0.194 0.674 0.147

Table 8: Placebo Regressions/Other Characteristics Associated with the Visit 

Notes: All regressions control for a parish fixed effect, shopper script, week of year, and visit order. Robust standard errors in parentheses, clustered at the village level. *** p<0.01, ** 
p<0.05, * p<0.1
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p<0.05, * p<0.1
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Figure 1: Fraction Complete Stockout  
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Notes: Above are coefficient estimates from an event study on the fraction of health 
facilities reporting a complete stockout of all ACTs using MTRAC data. MTRAC data is 
collected weekly from health facilities throughout Uganda. Each coefficient represents 
the percentage point change in the likelihood of a facility reporting a complete stockout 
relative to the week of delivery. 95 percent confidence intervals are in the dashed red 
lines. Regressions include district and week-of-year fixed effects. Standard errors are 
clustered at the district level. 


