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Abstract

Road traffic accidents in poorly regulated public transit systems are a lead-

ing cause of death in low- and middle-income countries. We collect data on safe

driving practices using a newly developed tracking device installed in minibuses

operating from one of Kenya’s busiest bus stations. We randomly provide some

passengers with information on the safest firm, but they do not respond to this

private safety information. In the second phase of the experiment, we publicly

advertise our tracking efforts with large banners. This leads to a noticeable

shift in passenger choice towards the safest firm, prompting some firms to sig-

nificantly improve their safety. We develop a game-theoretic model illustrating

how consumers and firms respond strategically to the safety competition trig-

gered by the large banners. Our welfare analyses suggest that introducing

information interventions in markets with asymmetric information can be a

powerful tool to improve safety in public transit.
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1 Introduction

Economists broadly agree that markets work poorly when consumers lack reliable

information about product quality (Akerlof, 1970): consumer demand for products

falls, markets shrink, and consumer welfare is depressed. Uncertainty about product

quality is particularly high in low- and middle-income countries where state capacity

is weak and laws that mandate the disclosure of information are difficult to enforce.

This has contributed to the proliferation of low-quality products, including medicine

(Bennett and Yin, 2018; Björkman Nyqvist et al., 2018), fertilizers (Bold et al., 2017),

and grain (Bold et al., 2022). There is some evidence to suggest that providing

information to consumers may improve welfare by guiding them toward better choices

(Levin, 2001) or incentivizing firms to supply higher quality products (Bai, 2018). Yet

the effectiveness of information campaigns likely depends on market structure. This

includes perceived quality differences between suppliers, the level of competition these

suppliers face (and their incentives to improve), and both customers’ and suppliers’

expectations of how each side of the market will respond.

In this paper we investigate the extent to which consumer information improves

lemon markets, and how this depends on the market dynamics and strategic incentives

firms face. We focus on Kenya’s informal public transit sector, which is dominated by

small firms who compete for market share. Although the sector accounts for just 10%

of all motor vehicles circulating in the country, it is responsible for a disproportionate

share of traffic deaths. Macharia et al. (2009) find this to be as high as 70%. The

problem is not an isolated one: informal transit plays a central role in making traffic

fatalities a leading cause of death in many low- and middle-income countries (WHO,

2020). While the industry is perceived to be exceedingly unsafe, passengers lack

reliable information that would allow them to distinguish safer options from the rest.

To this end, we run a randomized control trial (RCT) with more than a thousand

passengers (i.e. consumers) at one of Kenya’s busiest bus terminals. We equip 52

buses across five firms operating on a major route with safety tracking devices. We

provide the safety data to bus managers, allowing them to monitor their drivers’

safety behavior and improve their safety performance. We also use this data to rate

the top safety performer each month based on measures of speed and sharp breaking.

The RCT then proceeds in two stages.

In the first stage, we randomly approach passengers and provide them with one of
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three pamphlets. Crucially, we do not share these pamphlets or discuss them with the

companies at the station. Passengers in the ‘safety leader’ group receive a pamphlet

that discusses road safety, and identifies the safest company operating on the route.

Passengers in ‘salience’ group receive a pamphlet that discusses road safety and lists

the companies offering their services at this station without identifying the safest one.

Finally, the control group receives a small pamphlet that only features an ID key.1 We

then monitor which transit company consumers choose. This allows us to see whether

the safety information provided in the pamphlets affected passengers’ choice.

In the second stage, we erect large signs across the transit station publicizing our

tracking efforts (which we refer to as a “public signal/campaign”), and continue to

randomly offer passengers one of the three pamphlets detailed above. The public sig-

nal informs passengers that firms can potentially improve safety, and lets firms know

that passengers may be aware of their safety performance. We continue to monitor

consumers’ choice of transit company, and whether transit companies improve their

safety performance. Passengers’ reaction to the safety leader treatment when track-

ing efforts are publicly revealed identifies how much they value the expected safety

difference of the safest bus now that the tracking devices are known to be available.

Conversely, how firms react reveals whether the perceived benefits of improving tran-

sit quality outweigh the costs to the companies (where the benefits and costs are

a function of the cost of improving, the number of competitors, and the quality of

services they provide).

We document three key findings. First, we find that the ‘safety leader’ treatment

passengers do not respond to the safety information they receive privately before the

public signal is in place. The behavior of passengers who receive the pamphlet that

identifies the safest bus is the same as those who do not. This suggests that passengers

do not perceive there to be large differences between bus companies when it comes

to safety, and therefore they have no reason to switch based on this margin (relative

to other features of the bus that may be driving their choices).

Second, we find that passengers do respond to safety leader information when

they receive it with the public signal – the large signs meant that both consumers

and transit companies were aware that the other party had access to the information.

Consumers who received the pamphlet with information identifying the safest firm

1We further cross-randomize the provision of a subsidy to choose the safer bus, which we use for
model estimation purposes.
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were now more likely to choose it than those who did not receive the information.

This suggests that consumers expect some firms to compete on the safety margin

and the safest bus company is the one that has meaningfully improved its quality

relative to others in the market. Taken together this result demonstrates that the

effectiveness of consumer information depends on whether consumers expect firms to

respond.

Third, we find that the public campaign improved transit driver safety among

the lowest performing companies. On average, we see a 25% drop in speeding alerts,

likely contributing to meaningful improvements in road safety. As the effects are

concentrated primarily among the two lowest-performing companies, this suggests

that consumer information may not affect all companies in the same way.

We develop a game-theoretic model to explain consumer and firm responses. In

this environment heterogeneous consumers and firms strategically respond to incen-

tives for safety. When information is public, firms have strategic incentives to improve

their quality, and customers have reason to believe that firms are responding to their

preferences. We show that three types of equilibria are possible: a pooling equilib-

rium in which no firm provides safety; a separating equilibrium in which only some

firms improve their safety performance; and a pooling equilibrium in which all firms

supply safer transport. The demand and supply responses in our experiment allow

us to distinguish between these equilibria. In either pooling equilibria, differences

in safety across firms remain unchanged and therefore consumer demand should not

change across firms. The fact that consumers change their behavior when the infor-

mation campaign becomes public suggests it created a separating equilibrium. By

investigating heterogeneous responses to the public signal across firms, we find strong

evidence that worse firms catch up to better ones.

There may be other reasons beyond the scope of the model that could explain the

results, but we do not find evidence for these alternative explanations. First, passen-

gers may perceive private information to be more trustworthy after the introduction

of the public signal. However, in a sub-experiment where we subsidized passengers

to choose the safest bus, we found that consumers were equally likely to trust the

subsidy offer and switch to the safer bus both before and after the public campaign.

This suggests that the public campaign did not affect passengers’ trust in our efforts.

Second, the public signal may have increased the salience of safety. However, we do

not see passengers who receive the ‘salience treatment’ pamphlet (which makes safety
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salient) changing their behavior before the public signal. Third, passengers may be

subject to an interviewer demand effect after the public signal. However, their stated

preferences for safety remain unchanged, which minimizes concerns of interviewer

demand effects. Fourth, passengers might worry about the social implications of

their choice, but since they receive information privately, their actions are difficult

for others to interpret. Fifth, while passengers might coordinate their choice of the

safer bus under the public signal, the serial correlation of choices among consecutive

passengers remains low and insignificant. Finally, while the safety improvements we

observe could be due to mean reversion, our safety index is relatively stable in the

three months before and after the introduction of the public signal.

This model provides a foundation for welfare analysis of consumer information

in markets with strategic firms. Consumer surplus can be decomposed into a direct

effect, where consumers switch to safer firms, and an indirect effect, where some firms

provide safer rides, benefiting some consumers who do not switch, an “information

externality”. We exploit a randomized subsidy for passengers to choose the safest bus

to convert these behaviors into dollar values. Additionally, we also estimate consumer

welfare under alternative pooling and separating equilibria that did not materialize

in our context.

We show that three central welfare components can be easily estimated via max-

imum likelihood in a Logit framework: consumer valuation of baseline safety differ-

ences; valuation of safety improvements; and the demand share captured by the safest

firm. We estimate that consumer valuation of baseline safety differences is small. In

contrast, valuation of safety improvements is moderately large, on the order of 6%

of the ticket price. Demand for the safest firm increases by 14 percentage points,

roughly doubling its market share. Together with estimates on the number of daily

passengers, the share of firms that respond to the treatment, the cost of safety im-

provements per bus, and the cost of the information intervention, we estimate that

the monthly welfare effect of our consumer information was around $12,000. Most

of the benefit comes from the positive information externality accruing to consumers

that do not change their bus choice as companies start to supply safer rides. The

change in producer surplus is negative at approximately $3,000 across all firms. The

cost of the information provision itself is negligible, suggesting that this intervention

is cost effective.

A strength of our framework is that we can also estimate welfare under counterfac-
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tual equilibria. We estimate that the welfare effects of consumer information would

have been slightly negative under a low-pooling equilibrium, primarily driven by the

cost of the intervention. Under a separating equilibrium, where relatively safe firms

further improve their services, welfare would have been substantially higher (approx-

imately $20,000 per month) than the separating equilibrium that we observe in our

setting where relatively unsafe firms improve their safety. This stems from passengers

shifting to firms with higher baseline safety. Finally, if all firms had improved by a

similar margin (high-pooling equilibrium), welfare benefits would have been approxi-

mately $30,000, more than twice the magnitude of our prevailing catch-up separating

equilibrium, although the burden on suppliers would have also been more than twice

as large.

This paper makes three primary contributions. First, we contribute to the lit-

erature on lemon markets in low-income countries. In high-income countries, ineffi-

ciencies in these markets are typically addressed through government regulation and

inspection. However, in low-income countries with weak state capacity, fewer solu-

tions have been identified and studied. Bai (2018) shows that providing tamper-proof

technologies to firms encourages them to offer higher-quality goods, thereby fostering

consumer trust. Björkman Nyqvist et al. (2018) and Bennett and Yin (2018) find

that the entry of large firms can encourage other producers to improve their product

quality. Our study introduces a novel approach to addressing inefficiencies in lemon

markets by combining consumer information with public signals that emphasize the

benefits of offering higher-quality products. We demonstrate that such a strategy can

prompt firms to respond strategically, leading to overall welfare gains.

Second, we contribute to a small body of research at the intersection of market

regulation and consumer product information. For instance, Jin and Leslie (2003)

examine the introduction of hygiene grades for restaurants in Los Angeles County,

finding improvements in service quality and an increase in demand for high-quality

establishments. Similarly, Barahona et al. (2020) analyze the effects of a warning

label mandate on unhealthy foods, estimating both demand and supply responses.

Our study builds on this literature by using a randomized control trial to estimate

consumer welfare gains in a low-income country. Moreover, we account for the possi-

bility of multiple market equilibria and demonstrate how to estimate welfare when a

market transitions between these different equilibria.

Finally, we contribute to a growing literature on road safety in low- and middle-
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income countries. Road traffic accidents contribute to a staggering loss of life, and

limit economic development (Odero et al., 2003; Cervero and Golub, 2007; Raynor

and Mirzoev, 2014). There is emerging literature on the impact of potential solu-

tions. For instance, Habyarimana and Jack (2011, 2015) found that placing stickers

in Kenyan minibuses encouraging passengers to report dangerous driving reduces av-

erage speeds. Our study expands on this method by directly engaging passengers

with minibus safety ratings before they board, potentially moving the market to-

wards a safer equilibrium. Furthermore, we observe that providing information to

passengers can motivate bus companies to operate more safety, addressing some of

the inefficiencies typical in markets with asymmetric information. Crucially, we show

how these consumer information campaigns may benefit from complementary public

signals that incentivize improvements from the supply side.

The rest of the paper is organized as follows. Section 2 discusses the context of

our study. Section 3 provides an overview of the design of the randomized control

trial, the data, and the econometric framework. Section 4 discusses the experimental

results. Section 5 presents the model and Section 6 discusses its welfare implications.

Finally, Section 7 concludes.

2 Context: Informal Transit in Kenya

According to the WHO an estimated 1.35 million people are killed annually in road

accidents and as many as 50 million individuals are injured worldwide (WHO, 2020).

More than 90% of these deaths occur in low and middle-income countries, which

have less than 60% of the world’s vehicles. In Kenya alone, approximately 3,000 to

13,000 people die each year as a result of reckless driving (WHO, 2015). These road

accidents often involve public transportation vehicles, which are called matatus in

Kenya. In many low-income countries including Kenya, the public transportation

sector is dominated by private minibuses that are notoriously unsafe: drivers often

speed, stop suddenly, and perform other dangerous maneuvers in order to collect more

passengers and arrive at their destinations more quickly. According to one study,

matatus account for 11% of registered vehicles but 70.2% of passenger casualties

(Macharia et al., 2009). As a point of comparison, buses in the US account for 1% of

registered vehicles and 0.4% of casualties (BTS, 2016).

One reason why minibus companies undersupply safe rides is that passengers
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cannot observe how safe a bus is before they board. This information asymmetry

between firms and consumers means that companies have weak incentives to provide

safe rides as they cannot hope to capture extra revenue by supplying this unobserved

quality, even if it is demanded by passengers.2 This leads to a scenario where there is

potentially unmet demand for safety, a scenario that can be thought of as a typical

lemons market. This status quo jeopardizes not only the safety of passengers on

board, but also other vehicles on the road, and pedestrians.

Governments and international institutions are continuously looking for ways to

address road safety. This can be challenging in low-income countries where state ca-

pacity is weak and regulations are difficult to enact and enforce. Only 28 countries,

representing 7% of the world’s population, have implemented laws that address all

five road risk factors (speed, drunk driving, helmets, seat-belts and child restraints).

Less than 35% of low- and middle-income countries have policies in place to protect

road users, despite experiencing the highest fatality rates in the world. In Kenya, the

government passed the Michuki rules in 2003 requiring that buses install speed lim-

iters, safety belts, and exhibit valid licenses (Michuki, 2003). To date, this limited set

of regulations are poorly enforced by the Kenyan police service, which is notoriously

corrupt.

An alternative to government regulation is to empower customers with informa-

tion. There have been some attempts to do this in Kenya. Ma3 route is a mo-

bile/web/SMS platform in Nairobi that crowd-sources for up to date transportation

data, and provides users with information on traffic, matatu directions and driving

reports. Similarly, Habyarimana and Jack (2015) launched the Zusha Road Safety

Campaign by placing stickers inside matatus that encourage passengers to speak up

against bad driving. In a similar spirit, we implement an experiment in Kenya’s pub-

lic transit industry to directly alleviate information asymmetries between minibus

firms and their customers in an effort to improve road safety.

2Firms may care about costs from any damages to the vehicle. However we show in a companion
paper, Kelley et al. (2022), that these private firm benefits are small and therefore firms have no
internal incentive to improve safety.
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3 Experimental Design and Data

3.1 Design of Experiment

Study site. We conducted our experiment in one of the largest bus terminals in

Kenya, operating near Nairobi’s central business district (see Appendix Figure A.2).

The terminal provides service between Nairobi and Kisumu, one of the country’s

most important and busiest long-distance bus routes, which is notoriously unsafe.

The terminal serves both regular business passengers that transit between Nairobi

and Kisumu several times a year, as well many passengers who infrequently travel

between the two locations.

The study location was well suited to the study’s requirements. It was a well

defined location, with two clear entry points and less congested than other stations

in the vicinity, which meant that we could more easily intercept passengers (see Ap-

pendix Figure A.2). We worked with five different companies (commonly referred to

as SACCOS) and we fit a minimum of six buses in the SACCO’s fleet (of approxi-

mately 50 buses) with our GPS tracking device. After completing the installations of

the tracking devices, we collected one month of tracking data for each bus. We then

used this information to reliably compare the safety performance of one company to

another based on sharp breaking and speeding alerts.

Safety measurement technology. The intervention required the ability to col-

lect information about the safety of the minibuses in the sample. Kenya, like most

low-income countries, lacks reliable data on safety and road accidents. Hence, we

developed a new monitoring system for matatus that can pick up safety behavior

with high accuracy. The system was also considerably cheaper, more flexible and

more user-friendly than traditional tracking devices. The physical tracking units

were procured from a company in the United States. They featured a GPS and a

3-axis accelerometer for motion sense, tilt and impact detection. The device captured

the vehicle’s location and forward/backward/lateral/vertical acceleration at 30 sec-

ond intervals. The device was also calibrated to generate alerts for every instance

of vehicle speeding and sharp braking. These safety alerts were calculated by an

internal algorithm built into the device with threshold parameters as inputs (which

were calibrated to the Kenyan road conditions to capture context-appropriate levels

of unsafe driving). Further processing of the system data on the server provided ad-
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ditional measures of interest including the total number of kilometers traveled that

day, the total time the matatu was running, and a safety index (from aggregating

the day’s safety alerts on sharp breaking and speeding). This information served two

purposes. First, it was conveyed to minibus managers, who could use the information

to monitor and address unsafe driving. Second, it was used to assign a Top Safety

Performer badge to the company that operated most safely that month.

Information treatments. Our field team intercepted passengers as they entered

the bus terminal area, but before they had an opportunity to purchase a ticket for

a specific SACCO. We successfully intercepted approximately 30% of the individuals

we approached, resulting in a sample size of 1,186 passengers during the main study

period. We randomly assigned passengers to one of three arms that differed in the

amount of information we provided.3 In the control group, passengers received a

pamphlet with an ID key printed on it, but nothing more. In the salience group,

passengers received a pamphlet that contained a message about the safety of the

matatu industry, a picture of a matatu after an accident, and a list of the five SACCOs

operating from the terminal (see Figure 1). Finally, passengers assigned to the safety

leader group, received the same pamphlet as the salience group with one notable

exception: one of the five SACCOs appeared prominently with the message “Top

Safety performer” alongside it. The enumerator carefully explained what this meant

and how the title was awarded. Once the pamphlets were discussed with the subject,

enumerators asked them to proceed to buying a bus ticket of their choice and to

show it to a second enumerator stationed further down the road where the buses were

leaving from, which allowed us to measure their actual firm choice. Before passengers

left to choose their bus, enumerators tore off the bottom of the pamphlets where

the safety information was displayed. This served the purpose of keeping the safety

information private from the SACCO managers. Passengers received 50 KES (0.50

USD) for showing their ticket to the second enumerator.

The three information treatment arms were designed to identify two effects. First,

comparing the control group to the salience group identifies whether priming passen-

3We created a pre-randomized list with a set of passenger ID’s (or “key”) and an associated
treatment status. The individual keys were included on the pamphlets, which were printed in
the same order as the randomization lists and provided to the enumerators for distribution. The
enumerators were unaware of the process and simply handed out the pamphlets in the same order
they were received.
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gers about matatu safety affects their choice of firm. Second, the comparison of the

safety treatment group to the salience group identifies the impact of revealing new

information about which firm is in fact the safest option on the route. To the ex-

tent that passengers use this new information to update their priors about safety, we

would expect this treatment to increase the probability that passengers choose the

firm marked as “Top Safety performer”.

Public signal. Three months into delivering pamphlets to passengers we went

“public” with our campaign. In particular, we printed two large signs and placed

them at the entrance of the bus terminal. The signs read “Sacco’s on Mfangano-

Kisumu are now tracked for safety, enjoy the benefits of safer transit, and check out

the Top Safety Performer” (see Figure 2). Everything else about the experiment

remained the same, and the timing of the treatment was chosen so as to not coin-

cide with other events that could have affected demand or supply. The signs alerted

SACCOs that this information was being delivered publicly to their customer base,

which could affect their reputation and ultimately their demand. Before the sign

was revealed, we made sure to visit each participating firm and inform them that

we would begin to advertise the safety system at the bus station, and explain that

passengers would be informed about the Top Safety Performer.

Subsidy. We also introduced a sub-experiment where passengers were cross ran-

domized into an additional “subsidy treatment”. This helps to assign monetary val-

uations to the behavior changes we observe in response to the pamphlets, which we

also use for model estimation purposes. We selected half of the respondents to receive

a 100 KES ($1 USD) subsidy should they purchase a ticket from the company that

was awarded the Top Safety performer rating. The other half of the respondents

did not receive any additional incentives beyond the 50 KES that they were awarded

for completing our surveys. When the subsidies were provided to passengers in the

control and salience group, enumerators were careful not to tell passengers why this

particular bus was being subsidized.

3.2 Data and Descriptive Statistics

Data. We use data from the tracking device to track changes in driving behavior

over time by each company. Moreover, we administered a series of passenger surveys
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to capture changes in passenger behavior. We first administered a baseline survey to

passengers before handing them their assigned pamphlet. This survey collected infor-

mation about their demographics, their experience riding matatus on this particular

route; their preferences for various matatu characteristics including speed, comfort,

safety, and style; and their beliefs about which of the five SACCOS was the best along

each of these dimensions.

Summary statistics. Table 1 shows summary statistics of passengers approaching

the bus stop. As expected, passengers randomized into control, safety salience, and

safety leader have similar characteristics, state similar preferences over bus character-

istics, and are exposed to similar choice sets. The majority of passengers names safety

as the most important characteristic of their bus choice, underscoring the importance

of the issue. Around 86% of passengers take a bus on this route less than once a

month, making it difficult for them to learn about systematic differences in safety

performance across firms. Most passengers arrive at the bus terminal at a time when

they have the full choice set: on average, they can choose between about 4.3 out of 5

firms with a bus that leaves within 45-90 minutes.4

Appendix Figure A.1 shows summary statistics of all safety measures by firm as

well as the underlying number of fitted buses and observed bus-days. The number of

observed bus-days varies from 339 to 1,191, giving us fairly precise estimates of firm-

specific distributions. The distributions of the safety index across the five firms in our

study is shown in Figure 3. While there is substantial overlap in these distributions,

we can see that safety varies systematically across firms: for example, the average

of safety performance in Firm 1 is 0.25 index points higher than of Firm 5, which is

associated with a more than 25% drop in the number of speeding and sharp braking

alerts per mile driven.5

4Buses depart when full, but it is difficult to know when this will be. The number of seats already
occupied is only a noisy indicator as firms sometimes hire confederates to make a bus seem closer to
full (which is when it typically leaves) than it actually may be.

5During our main study period, the same firm was deemed the Top Safety Performer throughout,
although the gap narrowed.
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4 Experimental Results

We run the following regressions as our preferred specification to understand the

impact of our treatments on passenger bus choices.

Di = α + β1Saliencei + β2SafetyLeaderi

+ β3Saliencei × Publict(i) + β4SafetyLeader× Publict(i) +X′
iγ + εi

(1)

where Di is an indicator equal to 1 if passenger i selected the Top Performing bus

company; Xi are controls for individual characteristics; and εi is an error term. Specif-

ically, Xi contains the day of week by time of day when the interview took place

(e.g. Monday morning or Wednesday evening), gender, age, education, and travel

frequency of the respondent. The treatment indicators are Saliencei for our safety

salience treatment; and SafetyLeaderi for those passengers randomized into learning

about the Top Safety Performer. Last, Publict(i) is an indicator equal to one if the

interview was conducted on a day after the public signal was activated. To test ro-

bustness, we also run specifications without interview timing controls and passenger

characteristic controls.

Next, to estimate the effect of the public treatment on firm safety performance,

we run the following regression:

Ym,t = αm + βPublict + εm,t (2)

where Ym,t is bus m on day t safety outcome, αm is a bus fixed effect, and Publict is

an indicator that takes the value of one if the public signal has been launched. We

cluster standard errors at the bus level.

4.1 Effects of Private Information

We start with the effect of our safety leader and salience treatments on customers

before the public signal. Table 2 presents the results from equation 1. Rows 1 and 2 of

the table show the impact of being in each group on the probability that a passenger

buys a ticket with the bus company that was awarded the Top Safety Performer before

the public signal. Columns 1-4 differ in the set of fixed effects and controls that are

included. Across all specifications, we see that there is no detectable effect of either

treatment on passenger bus choice. In our preferred specification in column 4, the
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safety leader treatment had a precisely estimated zero impact on the probability that

the passenger chose the top safety performer.6

4.2 Effects of Public Signal

Demand side. After several months of delivering these pamphlets to passengers,

we went “public” with the safety campaign. We placed two large, visible signs at

the entrance of the bus terminal indicating that SACCOS on the route were being

monitored for safety (see Figure 2). Rows 3 and 4 of Table 2 shows how the effect

of our treatments in the post-public period (days where the public signs were on

display) change from the private information period. In all specifications, we see

that the public signal increased the impact of the safety leader arm meaningfully.

In our preferred specification in Column 4, passengers that know who the top safety

performer is are 10.9 percentage points (nearly 100 percent) more likely to choose that

company. This represents an important shift from passengers’ reactions to the same

information when the signs were not displayed on the street. This result suggests

that the signs themselves are changing the way passengers interpret the information

we provide about the Top Safety Performer in the pamphlet.

Supply side. The results indicate that passengers find the safety information in the

pamphlet more informative once the campaign is public. This may be because passen-

gers now expect bus companies to compete on safety, as it has become an observable

characteristic. Similarly, companies may find it more enticing to improve their safety

now that they realize customers know they are being tracked. We investigate whether

companies improve their safety after the campaign goes public. Table 3 reports the

estimates of equation 2 on the three safety measures we track as well as the overall

safety index. We see that all measures show meaningful and statistically significant

improvements in safety in the public period. Starting with column 1, average speed

fell by 1.33 kilometers per hour, which is a 3 percent reduction. Likewise, column 2

and 3 show that the daily number of high speeding and sharp braking events were

6We consider the possibility that firms responded to the provision of private information to
passengers, which could have occurred if bus drivers noticed our enumerators and communicated
the information to their managers. We test this possible Hawthorne effect using data from our pilot
period starting from when buses were being tracked but enumerators were not yet interacting with
passengers. We find no changes in the safety performance of buses from this initial period to the
private information period.
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reduced by 0.12 (25% decrease) and 0.01 (33%) respectively. Combining all three

metrics into a safety index, column 4 shows that the average safety metric improved

by 0.164 standard deviations. Figure 4 plots these safety improvements visually. All

four plots show a visually detectable improvement from the pre-period to the public

period, however the improvement in braking is more gradual than the other metrics.

4.3 Possible Mechanisms for Response to Public Signal

Market equilibrium. Our preferred explanation for the demand and supply side

response to the public signal is that it results from a competition game among firms to

attract more passengers. We provide a full explanation in the model section (Section 5

and Appendix A). To summarize, once firms know that passengers can observe safety,

they may choose to improve their safety standards to be certified as the safest bus

and attract more passengers. Passengers, in turn, recognize that some firms might

actively improve safety, making the safety certification more poweful. Before this,

passengers likely did not believe that firms were actively working to improve safety,

so they discounted the safety signal.

There are other possible interpretations for the demand and supply response to

the public signal. Here, we present these alternatives and explain why we believe they

cannot account for the behavior changes we observe in the data.

Credibility. The banners might have increased the credibility of the safety leader

treatment, but we believe this explanation is unlikely for a few reasons. First, we

provided the pamphlet information in a credible manner: enumerators dressed pro-

fessionally, displayed laminated ID badges with photos, and explained that the project

was approved by the National Transport Safety Authority and funded by reputable

international universities. Second, 30% of passengers switched to the safest bus when

offered a subsidy (before the public signal), showing they trusted our promise to pro-

vide cash after purchasing the ticket. If they trusted us to pay the subsidy, it’s likely

they also trusted the information about the safest bus.

Social signaling. Passengers may have chosen the safety-certified bus to show oth-

ers that they cared about safety once this attribute was being advertised publicly.

However, we believe this behavior is unlikely in the context of our experiment. Other

passengers do not observe which treatment was provided to the respondent, so they
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cannot know if someone received the safety information. Additionally, since the ma-

jority of passengers did not receive the safety leader information, there is no way to

publicly signal that one is making the safe choice. Finally, even if passengers could

signal to each other, we would expect these pressures to be weaker in a context where

almost everyone is a stranger and does not have repeated interactions. Moreover, it is

not clear that a preference for safety over other attributes, such as speed or comfort,

would be considered a socially preferred choice.

Interviewer demand. Passengers might have also felt more pressure to “please”

the enumerator by choosing the safe bus company under the public signal. While

this is possible, we would expect this behavior to be reflected in the number of people

reporting bus safety as the most important attribute when choosing a bus at baseline.

However, our checks show no change in the proportion of passengers expressing safety

as their primary concern once the public campaign is launched.

Passenger salience. The unveiling of the safety banners might have made passen-

gers and firms value safety more. If salience influenced passenger choice, we would

expect passengers who received the safety salience pamphlet (before the public cam-

paign) to have chosen the bus company they believed was the safest, but we did not

observe this behavior. Similarly, the tracking data we provided to firms highlighted

the available safety information for managers and we do not see changes in their

behavior before the campaign went public (see Appendix Figure A.1). Therefore, it

is unlikely that the public banners significantly increased the salience of safety for

passengers or firms.

Coordination. While the safety banner may have helped passengers coordinate on

choosing the winning firm, the demand for each firm is hard for any single passenger

to observe, as the ticket purchase locations are out of view, making it difficult to

know which firm an individual chose after the transaction. Moreover, if coordination

increased due to the public signal, we would expect the serial correlation of passenger

ticket purchases to increase during the public period. We tested this by regressing

passenger bus choice on the choices of previous passengers that day in the public

period. We found no evidence of autocorrelation, with a point estimate of -0.026 (t

= -0.52) on the lagged choice of bus.
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5 Information Effects and Market Structure

We now present a model describing the public transit market as a static game of mo-

nopolistic competition. While this is a simplified representation of the actual market,

the model serves several purposes. First, it provides a framework for interpreting the

reduced-form results from our experimental intervention. Second, it offers a structure

for performing welfare estimations of the intervention and conducting cost-benefit

analyses. Finally, the model allows us to explore outcomes under counterfactual

equilibria and understand the conditions under which these alternative equilibria are

likely to occur.

5.1 Model Setup

We present a model of strategic interaction between heterogeneous firms competing

for a fixed number of customers. The public signal about safety information creates

a tournament where firms decide whether to improve their quality (safety) at a fixed

cost to attract more customers. Firms will only choose to improve if there is a

significant chance of winning this tournament. Customers, in turn, anticipate that

only some firms will improve their quality, which influences how strongly they respond

to information about the safest firm. We conclude that information pamphlets affect

firms and passengers differently, depending on the market structure and the resulting

equilibrium. Below, we provide an introduction and intuition on the basic workings

of the model (presented in full in Appendix A).

Specifically, we assume there are J firms competing over a unit interval of pas-

sengers. At the beginning of the game, nature draws firm baseline safety quality

αj ∈ {αL, αH} where αH > αL. We denote the probability that baseline safety is

high (i.e. αH) as ϕ. Passengers in turn draw idiosyncratic firm specific preferences

εij.

Firms then make a choice about whether to supply high or low quality µj ∈
{µL, µH} where a choice of high quality costs the firm c. This choice, combined with

baseline fixed quality, determines the firms overall quality measure qj = αj+µj. After

these choices, firm quality is measured (with some small error to break ties) and the

firm with the highest overall quality is determined to be the top safety performer.

Passengers then choose which firm to take by selecting the j that maximized their

utility given by Uij = E[qj|Sj]+εij. Sj indicates whether the passenger was informed
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that firm j was the top safety performer, which we call the “winning” firm.

Intuitively, firms will choose to supply high quality if the potential passenger

demand they capture as the top performing firm times the probability of actually

winning is greater than the cost of supplying high quality. That is, they provide high

quality if

∆D(θ)︸ ︷︷ ︸
Demand effect of winning

× ∆W (αj, θ)︸ ︷︷ ︸
Win prob. effect of providing safety

≥ c︸︷︷︸
Cost of providing safety

where θ indicates the equilibrium of the game, ∆D(θ) is the increased demand due to

being declared the top safety performer; and ∆W (αj, θ) is the increased probability

of winning if the firm provides safer services. Baseline quality αj only affects the

probability of winning. The increase in demand that firms would experience from

winning is the same regardless of baseline quality because passengers cannot observe

it.

Passengers choose which bus to take based on the expected firm quality of the win-

ning firm compared to the expected quality of losing firms. Specifically, the additional

demand share captured by the winning firm ∆D(θ) is a monotonically increasing func-

tion of

E[qj|Sj = 1, θ]︸ ︷︷ ︸
Expected firm quality of winning firm

− E[qj|Sj = 0, θ]︸ ︷︷ ︸
Expected firm quality of losing firms

which implies that the larger the gap between these two expected qualities, the larger

the demand share captured by the winning firm. The reason passengers might expect

the winning bus to be safer, is either because of differences in baseline quality, and/or

differences in the safety choices made by each set of firms. Note that both firm and

passenger choices depend on the equilibrium θ, as it determines which strategies are

optimal on both the demand side and the supply side of the market. We turn to this

next.

5.2 Equilibrium without Public Signal

Passengers first receive information Sj through a pamphlet that one firm has the

highest quality. Because firms are unaware that passengers are receiving this infor-

mation (and passengers know this), they have no reason to believe that firms have

any incentive to adjust their safety choices (µj). Therefore, there is a unique equi-
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librium in which passengers interpret this information purely as a signal about fixed

attributes of firms (αj) as opposed to being informative about firms safety choices.

Thus, the model predicts that demand for the safest bus may change, and the size of

this response reflects only how large passengers believe differences between fixed at-

tributes determining safety to be (i.e. αH −αL). On the supply side, given that firms

are unaware of the passenger intervention, they do not expect to be able to capture

any extra demand by improving safety. Therefore, firms will continue to provide low

quality.

Table 4 summarizes the model’s predictions regarding the behavior of firms and

passengers under each equilibrium. A “+” symbol indicates an increase in the de-

mand for the safest bus or the supply of safety by firms, while a “++” indicates

a proportionally larger increase, and a “0” indicates no change. Columns 1 and 2

present the low pooling equilibrium that emerges before the public signal.

5.3 Equilibria with Public Signal

The public signal implemented through the banners ensures that (1) firms become

aware that passengers are receiving safety information, and (2) passengers understand

that firms now have a strategic incentive to improve their quality. For passengers,

this now means that the expected quality gap between the winner and losing firms

will include both the expected gap in fixed components (αj) (as above without the

public signal), but also the expected gap in quality choice (µj). Multiple possible

equilibria emerge. Which one materializes depends on the proportion of high and low

quality buses in the market which are driven by the probability of high-quality firms

in the market, ϕ, and the costs of choosing to supply safety, c.

There are three classes of equilibria which arise under the public signal. A low-

pooling equilibrium where all firms continue to supply low quality, a high-pooling

equilibrium where all firms choose to supply high quality, and separating equilibria

where only some firms choose to supply high quality and others do not. Columns 3

and 4 of Table 4 present predictions for all three possible equilibria under the public

signal.

Low pooling equilibrium. If a low pooling equilibrium arises, we expect to ob-

serve the same responses we did absent the public signal. Although firms have the

opportunity to capture demand by winning the tournament, they have decided it is
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not worth it because providing high quality is too costly. Passengers will still believe

that the difference between the safest firm and the others is solely due to their fixed

quality attributes, leading to the same demand shift as seen absent the public signal.

Separating equilibria. A separating equilibrium where some firms improve their

quality while others do not (Table 4, row 2) arises when there is initial heterogeneity

in fixed firm quality (αj). These differences affect the likelihood of being rated as the

best firm and capturing the increased demand if the firm chooses to improve quality.7

It is possible for either initially high-quality or low-quality firms to choose to improve,

while the other type does not. Which occurs depends on the proportion of high and

low quality buses in the market which is driven by ϕ, and the costs of choosing to

supply safety, c (we provide more details below).

Passenger demand will shift more strongly toward the safest firm than it did

without the public signal. This happens because passengers now believe that quality

differences among firms come from both fixed components (αj) and choice components

(µj), with some firms making efforts to improve while others do not. Therefore, the

expected quality difference between the safety-certified firm and all other firms will

be greater than it was before the public signal, or under the pooling equilibrium.8

High pooling equilibrium. In a high pooling equilibrium (Table 4, row 3) all firms

choose to improve quality as they estimate that expected demand benefits outweigh

the costs. The passenger demand response towards the safety-certified firm is the same

as it was before the public signal or under the low pooling equilibrium. Although this

seems counterintuitive, it occurs because all firms are providing high quality (µH),

meaning that the expected difference between the safest firm and the others is only

due to the fixed quality component. Therefore, while passengers benefit from all firms

supplying a better product, they are less responsive to safety information than they

were in the separating equilibrium.

7A similar prediction would arise if we allowed for heterogeneity in the cost of providing high
quality.

8We assume that the quality improvements from the choice component µj are much larger that
the differences in fixed attributes αj .
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5.4 Model Interpretation

Market structure. Figure 5 shows which equilibria could exist under the public

signal across the range of values for the two relevant model parameters ϕ and c —

the proportion of high and low quality buses, and the cost of providing high quality.

Four equilibria are shown, the low and high pooling equilibria, as well as the two

separating equilibria which we label “catch-up” — when low baseline quality firms

choose to improve and high baseline do not, and “pull-away” when high baseline

quality firms choose to improve and low baseline quality firms do not.

While some parameter values can lead to multiple or no equilibria, certain broad

patterns determine the likelihood of each outcome. The high pooling equilibrium is

most likely to occur when the cost of quality is low and medium values of ϕ. The

low pooling equilibrium is most likely when the cost of quality is high or ϕ is low.

The pull-away separating equilibrium overlaps substantially with the low and high

pooling equilibria, and is possible only for values of ϕ below 0.6. Finally, the catch-up

separating equilibrium covers a relatively smaller portion of the parameter space and

is only possible for values of ϕ above 0.6.9

Interpreting results through model. We return to our empirical results to un-

derstand which equilibrium is consistent with the patterns we predict from the model.

Table 2 shows that passengers’ response to the pamphlets under the public signal is

much stronger than what we observed before the public campaign began. This result

is only consistent with a separating equilibrium where some firms improve under the

public signal while other do not. We explore this on the supply side and find het-

erogenous responses by firms. Figure 6 shows that two out of five firms demonstrate

large improvements in their safety performance.

Model limitations. The focus of this model is on quality choice. To make the

model manageable, we ignore several important features such as prices, attracting

new passengers to the market, cost differences across firms, and various other sources

9Pull-away separating equilibria exist when high types are rare (ϕ is low), while catch-up sepa-
rating equilibria exist when they are common (ϕ is high). The intuition for this result is that if the
majority of firms have relatively high baseline safety (ϕ is high), many of them may be complacent,
providing an opening for low types to grab some of their market share by improving their services.
On the other hand, if the majority of firms have low baseline safety (ϕ is low), the occasional high
type may feel the need to pull away from the pack to ensure its dominant market position.
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of firm heterogeneity. For some factors, we have evidence that these aspects are

relatively fixed in our context. For example, there is almost no price variation across

firms, and this remains unchanged during the public period (see Appendix Figure

A.3). Therefore, we are comfortable excluding this choice margin from the model for

practicality. While other factors could still play a role in our setting, including these

margins would not fundamentally change the basic intuition and predictions of the

proposed model.

6 Welfare Analysis

In this section, we combine the reduced form results with the structure of the model

to estimate the welfare implications of the public signal and counterfactual welfare

outcomes under different market equilibria. We consider welfare changes for passen-

gers and firms resulting from the public signal, acknowledging that there may be

additional benefits for third parties, such as pedestrians or other drivers, which we

do not consider here. Since our model includes multiple equilibria, we first need to

determine which equilibrium we are observing. This involves two steps. First, we

observe a demand response to the pamphlets only after the public signal was intro-

duced. This indicates a separating equilibrium because, in a pooling equilibrium,

all firms would continue to have the same relative safety as before, and passengers

would have no reason to switch firms. Second, we distinguish between the pull-away

equilibrium and the catch-up equilibrium.. Figure 6 shows that the two firms with

the lowest pre-public safety scores improve the most during the public period, while

the three highest performing firms improve much less. These response patterns are

most consistent with a catch-up equilibrium.

In a catch-up separating equilibrium θ = CSE, the welfare effect of private infor-

mation under the public signal can be written as:

∆W (CSE) =

Consumer surplus

N

ϕ∆D(CSE) (∆µ−∆α)

Direct effect

+(1− ϕ)∆µ

Externality

 Producer surplus

−J(1− ϕ)c

Info cost

−τ

(3)

Starting with passengers, the consumer surplus from the safety leader pamphlet

arises because they now experience higher safety. This occurs in two ways. First, there
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is a direct channel whereby a proportion of passengers (ϕ∆D(CSE)) switch from a

firm that is not providing safety efforts to the winning firm that is, gaining them ∆µ

in quality improvement. However, in a catch-up equilibrium where low-type firms are

transitioning to higher quality, the benefits of improved safety are somewhat offset by

the lower fixed quality (∆α) of these firms. Second, for some passengers (1− ϕ), the

bus they choose has still improved its safety as part of the new equilibrium, gaining

them ∆µ as well.

Next, we consider the producer surplus. The winning firm benefits from increased

demand (∆D(CSE)) minus the cost of supplying high quality c, resulting in higher

profits than before. The remaining firms that do not win the competition share

the remaining passenger demand (
1−( 1

J
+∆D(CSE)

(J−1)
), leaving them with fewer passengers

than before. The subset of losing firms that chose to improve their quality also incur

the cost c. In aggregate, since the total size of demand is fixed, the total producer

surplus is reduced by the cost of supplying quality multiplied by the number of firms

that choose to improve (J(1− ϕ)c)).

Finally, there is the direct cost of the information intervention (τ). This includes

the expenses associated with collecting safety data from vehicles and disseminating

this information to passengers via pamphlets. Since the marginal cost of data collec-

tion is low, the overall costs are primarily driven by the labor involved in disseminating

the pamphlets.

6.1 Calibration

As outlined above, the welfare calculation depends on several key values: i) the

total number of passengers and the proportion of these that switch to the top safety

performer as a result of receiving information, ii) the proportion of buses that improve

their quality, iii) the value of safety to passengers, iv) the cost to firms of providing

safety, and v) the cost of the information intervention itself. Below we describe

how we estimate these inputs. However, we recognize that some of these values are

uncertain. Therefore, we will also demonstrate how the welfare estimates vary with

different parameter choices.

Demand effect of winning and passenger valuation of safety. The demand

effect of being the winning firm and the passenger valuation of safety are estimated

simultaneously and reported in Table 5. Table 5 shows the results from a logit spec-
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ification where we simultaneously estimate the effect of the subsidy offer (which was

cross-randomized) and the effect of the safety leader treatment (pre and post pub-

lic signal) on the choice of the safety leader. We can divide the effect of the safety

leader treatment by the effect of the subsidy treatment to recover a monetary value

for the safety leader treatment. Before the campaign goes public, the effect of the

safety leader treatment is a function of the fixed baseline differences between buses

(∆α), the proportion of high quality firms ϕ, and the number of buses in the market.

With empirical values for the latter two (discussed below), we can recover a mon-

etary valuation for (∆α). When the campaign goes public, the effect of the safety

leader treatment is also a function of (∆µ). Using our estimate for (∆α), we can

then calculate (∆µ). The results of this process show that the value of the fixed

safety component (∆α) is very close to zero at -$0.14 (se 0.46). Note that the 95%

confidence interval for this value is [−1.04., 0.76], and therefore we assume for our

robustness tests that the perceived safety benefit is between zero and a small posi-

tive number.10 The value of the choice component of safety (∆µ) is worth $0.58 (se

0.24) per passenger. Finally, we also use these values to estimate the extra captured

demand share that accrues to the winning firm, which we estimate at 0.14 (se 0.06).

Total number of passengers. To estimate total welfare based on the safety valua-

tion per passenger, we calculate the total number of passengers using the bus terminal

daily. This estimate is derived from the passengers our enumerator team engaged with

during their two-hour work window. They intercepted approximately 10% of the to-

tal passengers entering the bus terminal area, which translates to an estimated 150

passengers per hour. Multiplying this by 12 (the number of active hours at the bus

terminal) provides an estimate of 1,800 passengers per day.

Proportion of high quality firms. We estimate ϕ by examining safety outcomes

across firms before the public campaign went live. Figure 6 shows that there are three

firms with significantly higher safety provision than the other two firms. Therefore, we

set ϕ = 0.6. Since we are in the catch-up equilibrium, this implies that (1− ϕ) = 0.4

of the firms will respond to the public signal by improving quality, which is also

supported by the qualitative findings in Figure 6.

10Definitionally it does not make sense that customers place negative value on higher quality.
Therefore, we exclude negative numbers from consideration in our estimates of welfare.
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Cost of providing safety for firms. We refer to estimates from a companion pa-

per by Kelley et al. (2022) which examines the impact of directly providing incentives

for drivers to improve their safety performance. We find that incentivizing safety

improvements in this setting costs firms approximately $2 per driver per day.

Cost of information intervention. We estimate the cost of providing the infor-

mation based on our project expenses to be approximately $10 per day.

6.2 Welfare Estimates and Counterfactuals

Using the calibration described above, we calculate welfare using Equation 3 above.

We do so for the catch-up equilibrium (“CSE”), which we believe best represents

this market, as well as for three other possible equilibria: low-pooling, pull-away,

and high-pooling. Figure 7 illustrates the monthly welfare changes resulting from

our intervention, segmented into changes in producer surplus, consumer surplus, and

information cost. The “CSE” row indicates that our intervention resulted in an esti-

mated monthly welfare gain of approximately $17,500. This gain primarily consists

of a $20,500 increase in consumer welfare and a $3,000 decrease in producer welfare.

The other rows of Figure 7 report the expected welfare gain of the other equi-

libria holding fixed parameter values. As expected, the low-pooling equilibrium is

the only outcome in which welfare decreases, as consumers gain little from the safety

information when ∆α is low but the costs of dissemination are fixed. The pull-away

equilibrium provides positive welfare gains, but with lower consumer benefit and

higher firm costs than the catch-up equilibrium. Note that this result is driven by

the relatively low ∆α and high ∆µ and is not true for the majority of the possible

parameter spaces, as we explore below. Finally, the high-pooling equilibrium pro-

vides the highest aggregate welfare gain because most consumers benefits (directly

or indirectly) from all buses providing safe services, but it also involves the highest

costs to firms.

6.3 Sensitivity Analysis

Given the uncertainty surrounding many of our calibration values, we analyze the

sensitivity of our welfare calculations to different parameter choices. This analysis

allows us to: i) examine the distribution of welfare changes under all four possible
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equilibria, and ii) evaluate the probability that our intervention might result in an

overall welfare loss under each equilibrium.

The sensitivity procedure uses the following steps. First, we simultaneously draw

new coefficients from the value of safety estimation reported in Table 5. We draw

these coefficients using the full variance-covariance matrix from the regression results,

but reject any draw that assigns a negative value for higher quality. Second, we use

this draw to calculate new values for ∆α, ∆µ, and ∆D(θ). Third, we draw from a

uniform distribution values for the cost of providing higher quality to firms, c, and

the number of daily passengers, N . Using these values we then calculate the resulting

total change in welfare based on Equation 3. Last, using the same point estimates, we

also calculate the counterfactual welfare changes for the three alternative equilibria.

Figure 8 plots the distribution of welfare estimates derived from this procedure for

the catch-up, pull-away, and high-pooling equilibrium. The low-pooling equilibrium

is excluded because it is almost entirely centered around zero. There are a few things

to note from this figure. First, in contrast to our point estimate calculated above, the

catch-up equilibrium provides smaller welfare improvements on average than the pull-

away equilibrium (the high-pooling equilibrium nearly always dominates the others).

This divergence is driven by the relative size of ∆α. In a pull-away equilibrium, some

consumers are switching from a low fixed quality to high fixed quality bus, whereas in

a catch-up equilibrium, some consumers are switching from a high-fixed quality to low

fixed quality bus. This means that in general there are more safety gains under a pull

away then under a catch up equilibrium. However, when fixed quality differences are

relatively low to begin with (∆α is small), the gains from the switchers across both

equilibrium are similar. The point estimates from our experiment suggest a ∆α near

zero, leading to the catch-up equilibrium being preferred to the pull-away equilibrium.

However, this is not generally true, and under the majority of parameters within our

confidence set the pull-away equilibrium is superior.

Second, Figure 8 indicates that the distributions across all equilibria are predomi-

nantly positive. This is reassuring and suggests that interventions aimed at providing

quality information to customers are unlikely to result in negative outcomes as long as

some firms respond. The scenario in which welfare is most likely to fall is in the low-

pooling equilibrium (not shown), as customers only benefit from switching towards

low fixed quality firms towards high fixed quality firms. However, the downside under

this scenario is also limited because no firms incur c to improve quality, meaning the
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aggregate loss is solely attributable to the cost of the intervention itself.

7 Conclusion

In this paper, we present findings from a randomized control trial where informal

transit passengers receive information about bus safety. We make two contributions.

First, we show that passengers value this information only when they expect firms

to provide safer services in response to a public signal that broadcasts their ability

to track buses. Additionally, we demonstrate that firms use their tracking devices to

supply safer transit services after the introduction of the public signal. We interpret

these findings through a model of strategic firms and consumers that systematically

respond to safety incentives.

Our second contribution is using this model to estimate the welfare effect of the in-

formation intervention under the public signal. We decompose consumer surplus into

a direct effect from consumers switching to safer buses, and an indirect effect (“in-

formation externality”), as even consumers who do not switch benefit from improved

safety services on the route. The model also allows us to estimate the welfare effect

of potential counterfactual equilibria that could have emerged after the introduction

of the public signal.

What are the implications of these results for optimal policy in an informal tran-

sit network? First, the impact of an information intervention can vary significantly

depending on the existing equilibrium in the informal transit market, and how dif-

ferent firms might respond to consumer information. Therefore, policymakers must

understand which equilibrium currently exists, and anticipate which one is likely to

emerge from an information campaign in order to accurately assess the costs and ex-

pected benefits. We estimate that the welfare effects of a high pooling equilibrium are

highest, followed by a separating equilibrium, and finally a low-pooling equilibrium.

Which equilibrium emerges depends on the costs of improving safety, and the pro-

portion of high quality and low quality firms. Second, informal transit firms vary in

both their initial safety levels and their ability to enhance safety. In situations where

there are substantial initial safety disparities but limited capacity for improvement,

policies that directly provide safer services may prove more effective than providing

consumer information.

There are a number of important open questions for future research. The effects
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we demonstrate in this paper are short-run and confined to a local equilibrium. It

would be interesting to consider how general equilibrium effects across the entire

transport network may be affected by consumer information at central bus stations.

The informal transit market as a whole may become safer, which in turn may increase

demand, stimulate entry of new firms, and force exit of low-quality firms.
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Figure 1: Private information: placebo treatment (left) and safety treatment (right)

Notes: The pamphlet was distributed to passengers in the safety information group after completion
of the baseline survey. Enumerators read the text out loud to each passenger and explained the
meaning of the “Safety Certified” designation to ensure understanding. The “KEY: #####”
was a randomly generated number that allowed passenger baselines to be matched to their ticket
purchase collected by a second enumerator. In contrast to the actual pamphlets, firm names are
censored in this figure.
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Figure 2: Public signal: banners announcing tracking and safety “tournament”

Notes: These banners were placed at both entries to the bus station from which the five firms in our
study depart. The banner reads: “SACCOs on Mfangano-Kisumu [the route in our study] are now
tracked for safety. Enjoy the benefits of safer transit, and check out the Top Safety Performer.”
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Figure 3: Distribution of baseline safety by firm across bus-days

Firm 1

Firm 2

Firm 3

Firm 4

Firm 5

-1 -.5 0 .5 1
Safety index (standardized)

10/90th percentiles 25/75th percentiles Average

Notes: Averages and intervals ranging from the 10th to the 90th percentile and the 25th to the 75th
percentile (in bold), respectively, of the distribution of the safety index by firm. The safety index
is computed as the inverse covariance index as in Anderson (2008) using average speed, speeding
alerts, and sharp braking alerts. Firms are sorted from 1 (highest safety index at baseline) to 5
(lowest safety at baseline).
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Figure 4: Safety supply response after public signal
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Notes: Time series of average speed, speeding alerts, sharp braking alerts, and the safety index three months before to three months after
the introduction of the public signal. The gray line shows daily averages, whereas the black dots show monthly averages with 90% confidence
intervals computed from robust standard errors.
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Figure 5: Equilibria in public signal game

Notes: Equilibrium existence under various parameter values for the cost of safety provision c and
the probability of high-quality firms ϕ = Pr(αj = αH). The red area shows (c, ϕ)-combinations
for which a low-pooling equilibrium exists; the blue and yellow areas for pull-away and catch-up
separating equilibria, respectively; and the green area for high-pooling equilibria.
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Figure 6: Public signal effect by firm

Firm 1
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Firm 5
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Safety index (standardized)

Average baseline safety Public signal effect

Notes: Average safety by firm before the public signal (black markers) and improvement in safety
after the public signal (arrows).
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Figure 7: Welfare comparison across equilibria

-10,000 0 10,000 20,000 30,000
Dollars per month
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PSE
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Info cost Consumer surplus Producer surplus

Notes: Welfare estimates under the four equilibria, decomposed into consumer surplus (blue); pro-
ducer surplus (yellow), which is negative; and the cost of information provision (gree), which is
also negative. The four equilibria are the low-pooling equilibrium (LPE), the pull-away separating
equilibrium (PSE), the catch-up separating equilibrium (CSE), and the high-pooling equilibrium
(HPE).
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Figure 8: Welfare comparison across equilibria
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Notes: Simulated sensitivity of welfare estimates using 1,000 draws from the covariance matrix of
estimated reduced-form coefficients as well as calibrated uncertainty in the number of passengers and
the costs of safety provision. Three of the four equilibria are shown here: the catch-up separating
equilibrium (CSE), the pull-away separating equilibrium (PSE), and the high-pooling equilibrium
(HPE). Not shown is the low-pooling equilibrium (LPE), whose estimates are distributed tightly
around zero.
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Tables

Table 1: Summary statistics of passengers across treatments

Means by treatment group p-value p-value

Control Placebo Safety difference difference

(1) (2) (3) (3)−(1) (3)−(2)

Passenger characteristics
Age 29.90 29.15 29.44 0.158 0.390

Sex (male) 0.50 0.56 0.54 0.079 0.283

Education index 3.97 4.07 3.98 0.159 0.916

Estimated yearly travel frequency 9.28 9.41 9.14 0.872 0.871

Travel less than once a month 0.86 0.87 0.86 0.810 0.782

Stated preferences
Rank safety most important 0.56 0.55 0.52 0.664 0.188

Rank comfort most important 0.16 0.18 0.16 0.407 0.880

Rank price most important 0.16 0.15 0.15 0.606 0.651

Rank travel time most important 0.11 0.12 0.17 0.787 0.010

Choice characteristics
Firms with waiting bus (out of 5) 4.21 4.32 4.32 0.066 0.076

At least three firms with waiting bus 0.95 0.96 0.96 0.241 0.241

Average time to departure 67.01 65.41 65.22 0.417 0.360

Shortest time to departure across firms 45.88 45.05 45.50 0.589 0.804

Longest time to departure across firms 94.07 92.78 93.35 0.674 0.815

Total observations 506 473 449
p-value of F -test: joint test of orthogonality 0.612 0.281

Pre-public signal observations 282 244 254
p-value of F -test: joint test of orthogonality 0.870 0.182

Post-public signal N 224 229 195
p-value of F -test: joint test of orthogonality 0.540 0.948

Notes: Summary statistics for each treatment group (columns 1-3, representing control group,
placebo information group, and safety information group, respectively) and p-value of difference
between safety information and control group, (3)–(1); and between safety information and placebo
information group, (3)–(2). The education index ranges from 1 (lowest) to 5 (highest). Sum of
stated preference shares may not add to one due to rounding.
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Table 2: Passenger information and public signal: effect on choosing safe firm

Passenger chose safety-certified bus

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

Placebo information 0.035 0.035 0.030 0.031
(0.036) (0.036) (0.036) (0.036)

Safety information -0.001 -0.003 -0.004 -0.006
(0.035) (0.035) (0.035) (0.035)

Placebo information × Public signal -0.057 -0.053 -0.053 -0.050
(0.046) (0.049) (0.047) (0.049)

Safety information × Public signal 0.101∗∗ 0.113∗∗ 0.104∗∗ 0.115∗∗

(0.051) (0.054) (0.051) (0.054)

Mean of dependent variable 0.115 0.115 0.115 0.115
p-value of test: Placebo + Placebo × Public = 0 0.586 0.690 0.579 0.673
p-value of test: Safety + Safety × Public = 0 0.035 0.028 0.035 0.029
Timing-of-interview controls • •
Passenger controls • •
N 1,186 1,186 1,186 1,186

Notes: OLS regression results. The outcome is an indicator for buying a ticket for the safest bus
company as measured by the tracking devices.“Placebo information” is an indicator for receiving a
pamphlet that increases the salience of safety in the industry. “Safety information” is an indicator for
receiving a pamphlet that indicates which SACCO was awarded the “Top safety performer”. “Public
signal” is an indicator for having been interviewed after the public signal was introduced. Timing-
of-interview controls include day-of-the-week interacted with an indicator for afternoon (as opposed
to morning). Passenger controls include sex, age bin, an indicator some college or professional
education, and frequency of traveling on the route. Robust standard errors. * p < 0.10, ** p < 0.05,
*** p < 0.01.
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Table 3: Public signal: effect on safety provision of firms

Safety index components Safety index

(1) (2) (3) (4) (5)
Avg. speed Speeding Sharp braking

Public signal -1.328∗∗ -0.115∗∗∗ -0.010∗∗ 0.164∗∗∗

(0.537) (0.031) (0.004) (0.037)
Public signal × Firm 1 0.137∗∗

(0.061)
Public signal × Firm 2 0.091∗

(0.047)
Public signal × Firm 3 0.114∗

(0.058)
Public signal × Firm 4 0.358∗∗

(0.144)
Public signal × Firm 5 0.280∗∗∗

(0.091)

Mean pre-public 48.120 0.470 0.030 -0.070 -0.070
p-value of test: Firm 1-3 = Firm 4-5 0.028
Matatu FE • • • • •
Controls • • • • •
N 5,159 5,159 5,159 5,159 5,159

Notes: OLS regression results. “Public” is an indicator for the safety rating system being advertised
at the bus terminal. All regressions have controls for kilometers driven, hours driven, being a “safety
certified” bus, include fixed effects for buses and idle days. The hypothesis test conducted in the
second row of the model statistics is that the average of coefficients on Public×Firm j for j ∈ {1, 2, 3}
is equal to the average of coefficients for j ∈ {4, 5}. Standard errors are clustered by bus. * p < 0.10,
** p < 0.05, *** p < 0.01.
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Table 4: Equilibrium-dependent effects of information on public transit safety

Private information (PI) PI & Public signal

(1) (2) (3) (4)
Equilibrium Demand Supply Demand Supply

Low pooling + 0 + 0
Separating ++ +
High pooling + ++

Notes: This table summarizes the predictions of the effect of private information (PI) with (columns
1-2) or without (columns 3-4) a public signal on the demand and supply of informal transit safety.
Each row corresponds to predictions under a different prevailing equilibrium in the local transit
market. Columns for “demand” and “supply” indicate predictions for the demand effect and supply
effect, respectively. A “0” indicates no change in demand or supply; “+” indicates a small increase
in demand or supply, whereas a “++” indicates a large increase in demand or supply.
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Table 5: Logit estimates for welfare estimation

Parameter estimates

Subsidy (β0) 1.606∗∗∗

(0.150)

Placebo information (β1) 0.104
(0.188)

Safety information (β2) -0.059
(0.193)

Placebo information × Public signal (β3) -0.192
(0.263)

Safety information × Public signal (β4) 0.609∗∗

(0.252)

Value of high-type firm (∆α) -0.142
(0.463)

Value of firm safety behavior (∆µ) 0.581∗∗

(0.242)
Demand effect of winning (∆D) 0.144∗∗

(0.068)
N 1,186

Notes: Logit estimation of reduced-form coefficients and structural parameters for welfare estima-
tion. The structural parameters ∆α, ∆µ, and ∆D are functions of the reduced-form coefficients β0

to β4 as described in Appendix B. The outcome is an indicator for buying a ticket for the safest bus
company as measured by the tracking devices. “Subsidy” is an indicator for receiving a 100 Ksh
discount to take the safest bus. “Placebo information” is an indicator for receiving a pamphlet that
increases the salience of safety in the industry. “Safety information” is an indicator for receiving a
pamphlet that indicates which SACCO was awarded the “Top safety performer”. “Public signal”
is an indicator for having been interviewed after the public signal was introduced. Robust standard
errors. * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 6: Monthly welfare effects of intervention (thousands of dollars)

Equilibrium

LPE CSE PSE HPE

Consumer surplus 0.4 15.66 25.17 37.32
(0.6) (6.34) (10.91) (14.7)

[0, 2.14] [4.97, 29.93] [7.77,
50.02]

[12.21,
69.54]

Producer surplus 0 -3.08 -4.63 -7.71
(0) (1.07) (1.61) (2.68)
[0, 0] [-5.33, -1.39] [-8, -2.08] [-13.34,

-3.47]

Total welfare 0.25 12.43 20.4 29.46
(0.6) (6.2) (10.71) (14.34)

[-0.15, 1.99] [1.7, 25.76] [2.96,
44.69]

[4.26,
59.57]

Notes: Means of simulated welfare sensitivity estimates. Standard errors in parentheses and 90%
confidence intervals in square brackets. The columns correspond to the four equilibria: the low-
pooling equilibrium (LPE), the catch-up separating equilibrium (CSE), the pull-away separating
equilibrium (PSE), and the high-pooling equilibrium (HPE). The CSE highlighted in gray is the
equilibrium likely to prevail in our market. All four total welfare estimates include the cost of
information provision.
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A Model

Overview. We model the market for long-range public transport services as a static

game of monopolistic competition between firms with private information. J ≥ 2

firms compete over a unit interval of passengers (i.e. consumers) by deciding whether

or not to invest into bus safety. Passengers have idiosyncratic preferences εij for firms

and choose the firm whose characteristics (including perceived safety) appeals most

to them. To focus on the subject of competition on the safety margin, prices are

fixed at unity. In many low-income contexts, firms exhibit collusive behavior that

limits price competition (Bergquist and Dinerstein, 2020). Empirically, we show in

Appendix Figure A.3 that prices are almost perfectly cointegrated with almost no

price dispersion across firms on any given day.11

The safety of a firm qj is determined by two components: a safety type αj ∈
{αL, αH}, and a safety choice µj ∈ {µL, µH}. Firms are either high type (αH) or

low type (αL), drawn randomly at the beginning of the game. This type represents

slow-moving safety characteristics of the firm, such as the condition of the firm’s bus

stock or the amount of experience of the firm’s drivers. In contrast, the safety choice

represents more flexible, managerial aspects of safety, such as instructing drivers not

to drive above some speed or to take specific routes. These managerial choices become

possible after buses are fitted with our tracking devices. Enforcing safety measures,

µj = µH , comes at a publicly known cost c, representing the incentive cost for drivers

to slow down or the effort cost to monitor the drivers.12 Since price is normalized to

unity, this cost is relative to the uniform choice price.

We begin by describing the structure of the game and how our information inter-

ventions affect it. We then focus on firms’ incentives to provide safety in different

information environments: first, the baseline environment, then with provision of pri-

vate safety information to passengers, and finally with the public signal about the

information environment.

11If firms were to compete both on the safety and the price margin, this likely weaken the extent
of safety competition while leaving our qualitative results intact, assuming that price elasticities are
finite.

12In theory, safety measures may also be beneficial to the firm, such as by lowering repair costs and
reputational damage. In our context, these savings are small and firms do not use this technology
to independently improve safety, as we show in a companion paper (Kelley et al. 2021).
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Timing of game and baseline information sets. The game consists of three

stages:

1. Stage 1: Drawing heterogeneity. Nature draws a type αj ∈ {αL, αH} for

each firm, which is privately known to each firm, with independent probability

ϕ = Pr (αj = αH) ∈ (0, 1). Nature also draws i.i.d. preferences εij from an

Extreme Value Type I random variable for the unit interval of passengers, with

εij privately known to passengers only.

2. Stage 2: Supply side. Knowing their own type, the probability of any firm

being high type ϕ, and the distribution F of idiosyncratic passenger preferences,

firms then choose safety µj ∈ {µL, µH} for their bus services. Together with

their type, a firm’s safety is then given by qj = αj + µj. We assume that safety

choice is more important than type: µH − µL > αH − αL.
13

3. Stage 3: Demand side. Using their knowledge on ϕ and c, passengers form

expectations over the quality of firms. They then choose firm based on their

idiosyncratic preferences for firms εij so as to maximize their utility given by

Uij = E [qj] + εij,

where the expectation is taken over the distributions of αj and εij.

Information interventions. We conduct two information interventions:

1. Private information to passengers about safest firm. We use information on

tracked buses to measure safety qj of each firm and construct a signal Sj =

1 [qj = maxk=1,...,J qk + ξk] for each bus revealing to passengers which firm is

the best safety performer. In the absence of the public signal described below,

firms are unaware of the fact that passengers receive this information. We

refer to the best safety performer as the winner. ξj ∼ U [−σ, σ] with σ <

(αL + µH)− (αH + µL) captures quality measurement error and is independent

of αj and εij, which serves as a tie-breaker to guarantee that there is always

exactly one winner.14

13If we were to drop this assumption, the conditions for equilibria in the public information game
would change slightly but our qualitative conclusions would be similar.

14The restriction on the size of the noise, σ, guarantees that the winner is always a firm that chose
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2. Public signal that buses are being tracked. We publicly inform both firms and

passengers that buses are being tracked and hence managerial safety measures

are available to firms. This contrasts with the private information environment

in that firms are aware that passengers are receiving the safety information and

passengers learn that firms have this information.

Equilibrium notion. We are interested in pure-strategy Nash equilibria. These

are trivial in the baseline and private signal environment but turn out to be rich

under the public information intervention.

A.1 Baseline Environment

In the baseline environment, passengers cannot tell whether a firm has enforced safety

measures or not. Consequently, enforcing safety measures at a cost is a dominated

strategy for all firms, and so they all choose µj = µL. Passengers thus expect the

safety of choice j to be

E [qj] = (1− ϕ)αL + ϕαH + µL.

Hence, the only Nash equilibrium is for all firms to forgo the use of safety measures,

and passengers decide between firms solely on the basis of their idiosyncratic prefer-

ences for them, as they expect them all to have the same level of safety. This baseline

environment functions like a Lemon market, since passengers lack information about

bus quality and firms thus have no incentive to provide it.

A.2 Private Signal

In this intervention, passengers receive a private signal that (a) firms can enforce

safety measures and (b) about which firm provides the safest services, but firms are

unaware of this information passengers receive. Hence, firms continue to operate as if

enforcing safety measures was a dominated strategy. As passengers know that firms

have no incentive to enforce safety measures, passengers interpret private information

about the winner to reflect entirely the variation in firm safety type:

E [qj|Sj] = E [αj|Sj] + µL

high quality, if any bus chose high quality at all.
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whereby passengers update their expecation of firm j’s safety: the winner’s expected

quality type becomes E [αj|Sj = 1] = (1− ϕ)J αL +
[
1− (1− ϕ)J

]
αH . The proba-

bility (1− ϕ)J accounts for the possibility that none of the firms are high types, and

hence the winner would be selected purely due to measurement error from among the

low types. In all other cases, the winner is guaranteed to be a high type. In contrast,

the expected quality of non-winners is E [αj|Sj = 0] < E [αj], reflecting that it is

more likely that the firm is low quality if it didn’t win. Define

D (αj, µj|Sj) = Pr

(
j = arg max

k=1,...,J
Uik|Sj

)
to be the demand share of a firm of type αj and safety choice µj, conditional on

whether the firm is the winner; and let D (αj, µj) be the corresponding unconditional

demand share. Relative to the baseline environment, the winner may now receive a

passive demand boost from the intervention, no matter what type the winner is:

D (αj, µL|Sj = 1) > D (αj, µL) .

This holds because the private signal boosts the expected quality of the winner,

although entirely due to the winner being more likely a high type, rather than the

winner choosing high quality. If the difference between types is small, then so is the

demand boost from private information.15

A.3 Public Information Game

The public information intervention (a) informs firms that passengers know about the

capacity to enforce safety measures, and (b) passengers are aware that firms receive

this information. As a result, several new equilibria are possible, which we summarize

in the following proposition.

Proposition 1. (Nash equilibria in the public information game). Consider the

safety provision game with public information. There are four Nash equilibria in pure

strategies:

1. Low Pooling (LPE): all firms choose µL.

15Firms are unlikely to be able to infer the change in the information environment in the short
term due to the presence of εij . That is, they may associate any changes in demand shares with
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2. High Pooling (HPE): all firms choose µH .

3. Pull-away Separating (PSE): high-type firms choose µH and low-type firms µL.

4. Catch-up Separating (CSE): high-type firms choose µL and low-type firms µH .

Proof. We proceed in three steps. In the first step, we characterize the decision rule

for a firm to provide high quality and how it may depend on the equilibrium. In the

second step, we show for each candidate equilibrium what values the decision rule

takes on. Finally, in the third step, we show that there are no profitable deviations

from each candidate equilibrium for some parameter values.

Step 1. Note that any equilibrium requires all firms of a given type to choose the

same quality level. If not, there would be a profitable deviation for at least one firm.

The four equilibria stated in the Proposition are thus the only candidate equilibria.

We denote them by θ ∈ {LPE,PSE,HPE,CSE}. By the law of total probability, the

demand of firm j of type αj and choice µj in equilibrium θ is given by:

D (αj, µj, θ) = Pr
(
j = argmax

k
Uik|θ

)
= D0 (θ) +W (αj, µj, θ)∆D (θ)

where W (αj, µj, θ) = Pr (Sj = 1|αj, µj, θ) is the probability of being the winner;

Ds (θ) = Pr (j = argmaxk Uik|Sj = s, θ) is demand with winner status s; and ∆D (θ) =

D1 (θ)−D0 (θ) is the demand premium winners receive over non-winners. Notice that

we make the demand function an explicit function of the equilibrium state θ because

how passengers update their safety expectation (and hence their demand) after re-

ceiving a signal will be dependent on the equilibrium.

The firm provides high quality if profit by doing so is higher than if not:

D (αj, µH , θ)− c ≥ D (αj, µL, θ)

∆W (αj, θ)∆D (θ) ≥ c

where ∆W (αj, θ) = W (αj, µH , θ) − W (αj, µL, θ) is the increase in the probability

of being a winner by choosing high quality. This means the increase in winning

probability times the increase in demand have to be greater than the cost of providing

high quality for a firm to choose to do so.
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Step 2. We now work out ∆W (αj, θ) and ∆D (θ) for each αj and θ, starting

with ∆W (αj, θ). In each case, the value corresponds to the increase in probability of

being the winner when choosing high over low quality. Letting

BH(J, ϕ) =
1

J

J∑
j=1

(
J

j

)
ϕj−1(1− ϕ)J−j

BL(J, ϕ) =
1

J

J∑
j=1

(
J

j

)
ϕJ−j(1− ϕ)j−1,

these can be written as

∆W (αj,LPE) =

1− (1−ϕ)J−1

J
if αj = αL

1−BH(J, ϕ) if αj = αH

∆W (αj,PSE) =

(1− ϕ)J−1 − (1−ϕ)J−1

J
if αj = αL

BH(J, ϕ)− (1− ϕ)J−1 if αj = αH

∆W (αj,HPE) =


(1−ϕ)J−1

J
− 0 if αj = αL

BH(J, ϕ)− 0 if αj = αH

∆W (αj,CSE) =

BL(J, ϕ)− 0 if αj = αL

1− ϕJ−1

J
if αj = αH

These probabilities are straightforward other than the BH(J, ϕ) and BL(J, ϕ), which

capture the probability of winning among “competing” firms, which are usually other

high-type firms, except in RE, where it is other low-type firms (since only low types

play µH in RE).

Turning to ∆D (θ), note that since εij is Extreme Value Type I we can write

∆D (θ) =
expE [qj|Sj = 1, θ]− expE [qj|Sj = 0, θ]∑J

k=1 expE [qk|Sk]
.

Hence all we need to do is to characterize the expected quality E [qj|Sj, θ]. The

expected qualities for different equilibria below show that ∆D(LPE) = ∆D(HPE).

That is, for the demand premium of providing high quality, we only need to con-

changes in idiosyncratic preferences without violating their model.
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sider three cases: pooling equilibria and the two separating equilibria. For pooling

equilibria, we have the following expected qualities for winners and non-winners.

E [qj|Sj = 1, θ] = (1− ϕ)J αL +
[
1− (1− ϕ)J

]
αH + µj

E [qj|Sj = 0, θ] = (1− ϕ)J αL

+
J∑

j=1

(
J

j

)
(1− ϕ)J−j ϕj

[
J − j

J − 1
αL +

j − 1

J − 1
αH

]
+ µj

with θ = LPE if µj = µL and θ = HPE if µj = µH . The combinatorial component in

the expected quality of non-winners reflects the probability that any non-winner may

still be a high type, depending on the realized number of low and high types. Since

the probability weight on αH in E [qj|Sj = 1, θ] is greater than the corresponding

weight in E [qj|Sj = 0, θ], it holds that ∆D(θ) > 0 for pooling equilibria.

In the case of the pull-away separating equilibrium, we have:

E [qj|Sj = 1,PSE] = (1− ϕ)J αL +
[
1− (1− ϕ)J

]
(αH +∆µ) + µL

E [qj|Sj = 0,PSE] = (1− ϕ)J αL

+
J∑

j=1

(
J

j

)
(1− ϕ)J−j ϕj

[
J − j

J − 1
αL +

j − 1

J − 1
(αH +∆µ)

]
+ µL,

which are identical to the expected qualities of pooling equilibria, except that αH

gets replaced by αH + ∆µ – that is, expecting a firm to be high type implies that

it will also provide high quality, further bumping up its expected quality. A similar

argument as for pooling equilibria shows that again ∆D (SE) > 0.

Finally, for the catch-up separating equilibrium, we arrive at similar expressions as

with the separating equilibrium:

E [qj|Sj = 1,CSE] = ϕJαH +
[
1− ϕJ

]
(αL +∆µ) + µL

E [qj|Sj = 0,CSE] = ϕJαH

+
J∑

j=1

(
J

j

)
(1− ϕ)j ϕJ−j

[
J − j

J − 1
αH +

j − 1

J − 1
(αL +∆µ)

]
+ µL,

except that the safety choice premium accrues to low types instead of high types.

Note that plugging in the expected qualities for PSE and CSE into the expression
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for ∆D(θ) above confirms that they result in the same demand premium. Hence, the

expressions for SE imply ∆D (RE) > 0.

Step 3. We now show that there are no profitable deviations from each of the four

equililbria for some values of ϕ and c, meaning we check that ∆W (αj, θ)∆D (θ) ≥ c

holds for all firm types providing high quality and ∆W (αj, θ)∆D (θ) < c for firm

types playing low quality. Beginning with the LPE, we require that

αj = αL :

[
1− (1− ϕ)J−1

J

]
∆D (LPE) < c

αj = αH : [1−BH(J, ϕ)]∆D (LPE) < c.

The bound for high types is tighter, hence it is sufficient to show that this inequality

holds. Both the term in square brackets and ∆D (LPE) are finite whereas c is un-

bounded, hence there exists a c for which the inequality is satisfied.

For the HPE, we need

αj = αL :
(1− ϕ)J−1

J
∆D (HPE) ≥ c

αj = αH :BH(J, ϕ)∆D (HPE) ≥ c.

If ϕ < 1 and c → 0, both inequalities are satisfied.

Turning to the PSE, we require that

αj = αL :

[
(1− ϕ)J−1 − (1− ϕ)J−1

J

]
∆D (PSE) < c

αj = αH :
[
BH(J, ϕ)− (1− ϕ)J−1

]
∆D (PSE) ≥ c,

which amounts to showing

BH(J, ϕ)− (1− ϕ)J−1 > (1− ϕ)J−1 − (1− ϕ)J−1

J

for some ϕ. Taking the limit of ϕ → 0, we get 1/J > 0, which is always satisfied since

J is positive and finite.
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Finally, for the CSE, we require

αj = αL :BL(J, ϕ)∆D (CSE) ≥ c

αj = αH :

[
1− ϕJ−1

J

]
∆D (CSE) < c,

which amounts to

1− ϕJ−1

J
< BL(J, ϕ)

which holds if ϕ → 1. To summarize, these comparisons show that all four equilibria

are possible under certain parameter values.
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B Welfare Estimation

In this section we show the link between the reduced form estimates of how passenger

choice changes in response to information and our underlying structural parameters

∆α, ∆µ, and ∆D(θ). For simplicity, we set αL = µL = 0 throughout and hence

αH = ∆α and µH = ∆µ

B.1 Expected Firm Qualities

B.1.1 Pre-Public

In the pre-public period, when all firms choose µL, we define the expected quality

from the customer’s perspective of the winning firm as ᾱH , and the expected quality

of all losing firms as ᾱL. The expression for these values are:

ᾱH ≡ E [αj|Sj = 1] =
[
1− (1− ϕ)J

]
∆α

ᾱL ≡ E [αj|Sj = 0] =

[
ϕJ +

J∑
j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
J − j

J − 1

)]
∆α

Reduced form to structural. The coefficient on private information from the

logit estimation, β1, of passenger choice will capture difference between these values

β1 = ᾱH − ᾱL =

[
1− (1− ϕ)J − ϕJ −

J∑
j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
J − j

J − 1

)]
∆α

and rewriting:

∆α =
β1[

1− (1− ϕ)J − ϕJ −
∑J

j=1

(
J
j

)
(1− ϕ)j ϕJ−j

(
J−j
J−1

)]
Therefore, for a given J and ϕ, we can use β̂1 to estimate ∆̂α.

B.1.2 Post-Public

Similarly, in the public, for each equilibrium we can define the expected quality of

the winning and losing firms. We can then use these expressions to derive a mapping
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the coefficient on public information from the logit estimation, β2, to ∆µ, using the

value of ∆α found in the pre-public stage.

Pooled Equilibria

q̄H(θ) ≡ E [qj|Sj = 1, θ] =
[
1− (1− ϕ)J

]
∆α + µj

q̄L(θ) ≡ E [qj|Sj = 0, θ] =

[
J∑

j=1

(
J

j

)
(1− ϕ)J−j ϕj

(
j − 1

J − 1

)]
∆α + µj

with µj = 0 if θ = LPE and µj = ∆µ if θ = HPE

Reduced form to structural.

β2 = q̄H(θ)− q̄L(θ)

=

[
1− (1− ϕ)J −

J∑
j=1

(
J

j

)
(1− ϕ)J−j ϕj

(
j − 1

J − 1

)]
∆α

Pull-Away Separating Equilibrium

q̄H(PSE) ≡ E [qj|Sj = 1,PSE] =
[
1− (1− ϕ)J

]
(∆α +∆µ)

q̄L(PSE) ≡ E [qj|Sj = 0,PSE] =

[
J∑

j=1

(
J

j

)
(1− ϕ)J−j ϕj

(
j − 1

J − 1

)]
(∆α +∆µ)

Reduced form to structural.

β2 = q̄H(PSE)− q̄L(PSE)

=

[
1− (1− ϕ)J −

J∑
j=1

(
J

j

)
(1− ϕ)J−j ϕj

(
j − 1

J − 1

)]
(∆α +∆µ)
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Catch-Up Separating Equilibrium

q̄H(CSE) ≡ E [qj|Sj = 1,CSE] = ϕJ∆α +
[
1− ϕJ

]
∆µ

q̄L(CSE) ≡ E [qj|Sj = 0,CSE] = ϕJ∆α +
J∑

j=1

(
J

j

)
(1− ϕ)j ϕJ−j

[
J − j

J − 1
∆α +

j − 1

J − 1
∆µ

]

=

[
ϕJ +

J∑
j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
J − j

J − 1

)]
∆α

+

[
J∑

j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
j − 1

J − 1

)]
∆µ

Reduced form to structural.

β2 = q̄H(CSE)− q̄L(CSE)

=

[(
1− ϕJ

)
−

J∑
j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
j − 1

J − 1

)]
∆µ−

[
J∑

j=1

(
J

j

)
(1− ϕ)j ϕJ−j

(
J − j

J − 1

)]
∆α

and rewriting:

∆µ =
β2 +

[∑J
j=1

(
J
j

)
(1− ϕ)j ϕJ−j

(
J−j
J−1

)]
∆α

1− ϕJ −
∑J

j=1

(
J
j

)
(1− ϕ)j ϕJ−j

(
j−1
J−1

)
=

β2 +
[
∑J

j=1 (
J
j)(1−ϕ)jϕJ−j( J−j

J−1)]
[1−(1−ϕ)J−ϕJ−

∑J
j=1 (

J
j)(1−ϕ)jϕJ−j( J−j

J−1)]
β1

1− ϕJ −
∑J

j=1

(
J
j

)
(1− ϕ)j ϕJ−j

(
j−1
J−1

)
B.2 Demand Effects

Finally, we can use the estimates of q̄H(θ) and exp q̄L to derive the expected demand

shift towards the winning firm, ∆D(θ) using the logic of the logit estimator:

∆D(θ) =
exp q̄H(θ)− exp q̄L(θ)

exp q̄H(θ) + (J − 1) exp q̄L(θ)

B.3 Welfare

Here we simply summarize the welfare changes to producers, consumers, planners,

and their total for each of the possible equilibria:
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• Producer surplus:

– LPE: 0

– HPE: −Jc

– PSE: −Jϕc

– CSE: −J(1− ϕ)c

• Consumer surplus

– LPE: N (1− ϕ)∆D(PE)∆α

– HPE: N {(1− ϕ)∆D(PE)∆α +∆µ}

– PSE: N {(1− ϕ)∆D(PSE)∆α + [ϕ+ (1− ϕ)∆D] ∆µ}

– CSE: N {ϕ∆D(CSE) (∆µ−∆α) + (1− ϕ)∆µ}

• Planner cost: τ

• Welfare effect = change in producer surplus + change in consumer surplus

– LPE: N (1− ϕ)∆D(PE)∆α− τ

– HPE: N {(1− ϕ)∆D(PE)∆α +∆µ} − Jc− τ

– PSE: N {(1− ϕ)∆D(PSE) [∆α +∆µ] + ϕ∆µ} − Jϕc− τ

– CSE: N {ϕ∆D(CSE) (∆µ−∆α) + (1− ϕ)∆µ} − J(1− ϕ)c− τ
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C Appendix Figures

Figure A.1: Mobile app “SmartMatatu” tracking bus safety

(a) Map Viewer (b) Historical Map Viewer

(c) Safety Feed (d) Productivity and Safety Summary
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Figure A.2: Study site: Nairobi-Kisumu bus stage in downtown Nairobi

Notes: Satellite image of the bus station (Mfangano Road) from which the buses of the five firms
in our study depart to Kisumu. The blue stars indicate the northern and southern entrance to
Mfangano Road where our baseline enumerators and the banners after the introduction of the public
signal were located. Ticket offices for all five firms are located in between the blue stars. The red
star indicates the location of our endline enumerators, to whom passengers showed the ticket they
purchased in exchange for the participation incentive.
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Figure A.3: Ticket Prices by Firm
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Notes: Ticket prices for the trip from Mfangano Road to Kisumu over our study period in Kenyan
Shilling.
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D Appendix Tables

Table A.1: Four safety outcomes at baseline

Safety index components

Buses Bus-days Avg. speed Speeding Sharp braking Safety index

Firm 1 14 664 46.619 0.478 0.027 0.014
(0.291) (0.019) (0.004) (0.027)

Firm 2 7 536 51.997 0.200 0.013 0.005
(0.197) (0.015) (0.001) (0.013)

Firm 3 18 1,191 46.751 0.524 0.035 -0.054
(0.224) (0.017) (0.002) (0.018)

Firm 4 4 345 47.705 0.565 0.056 -0.218
(0.321) (0.021) (0.006) (0.032)

Firm 5 9 339 50.145 0.628 0.034 -0.247
(0.395) (0.037) (0.005) (0.040)

Notes: Means and standard error of average speed, speeding alerts, sharp braking alerts, and the
safety index by firm. “Buses” is the number of buses of a given firm fitted with our tracking device;
“bus-days” is the number of days on which the tracking device was active by firm across the whole
study period.
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Table A.2: OLS estimates of subsidy and information

Passenger chose safety-certified bus

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

Subsidy 0.296∗∗∗ 0.297∗∗∗ 0.297∗∗∗ 0.297∗∗∗

(0.024) (0.024) (0.024) (0.024)

Placebo information 0.027 0.027 0.024 0.025
(0.033) (0.033) (0.033) (0.033)

Safety information -0.003 -0.006 -0.005 -0.007
(0.032) (0.033) (0.032) (0.033)

Placebo information × Public signal -0.038 -0.031 -0.035 -0.029
(0.044) (0.047) (0.044) (0.047)

Safety information × Public signal 0.108∗∗ 0.124∗∗ 0.111∗∗ 0.126∗∗

(0.047) (0.051) (0.047) (0.051)

Mean of dependent variable 0.11 0.11 0.11 0.11
Timing-of-interview controls • •
Passenger Controls • •
N 1,215 1,215 1,215 1,215

Notes: OLS regression estimates of coefficients in Table 5. The outcome is an indicator for buying
a ticket for the safest bus company as measured by the tracking devices. “Subsidy” is an indicator
for receiving a 100 Ksh discount to take the safest bus. “Placebo information” is an indicator for
receiving a pamphlet that increases the salience of safety in the industry. “Safety information” is
an indicator for receiving a pamphlet that indicates which SACCO was awarded the “Top safety
performer”. “Public signal” is an indicator for having been interviewed after the public signal was
introduced. Timing-of-interview controls include day-of-the-week interacted with an indicator for
afternoon (as opposed to morning). Passenger controls include sex, age bin, an indicator some
college or professional education, and frequency of traveling on the route. Robust standard errors.
* p < 0.10, ** p < 0.05, *** p < 0.01.
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