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a b s t r a c t 

Consumers receive risk information about prescription drugs from many sources, including 

from largely unregulated attorney advertisements. This experiment measures subjective 

risk beliefs about prescription drugs and subjects’ drug-taking behavior in an incentivized 

setting. Results of the experiment are used to estimate a Bayesian learning model to ascer- 

tain the risk levels implied by different information sources and the informational weights 

subjects place on these sources. Even after people have received scientifically based drug 

risk information from a doctor and product label, attorney litigation advertising boosts risk 

beliefs about side effects by an average of 16 out of 100 cases, which is roughly a 50% 

increase over baseline risk beliefs. Risk beliefs have a significant effect on drug-taking be- 

havior in an incentivized environment. Experience with taking the drug also feeds back 

into the learning process about risk beliefs. Our experimental results help formalize how 

consumers update risk beliefs and suggest ways to encourage a learning environment that 

avoids alarmist updating based on information sources like attorney advertising. 

© 2020 Elsevier B.V. All rights reserved. 
This article examines how people incorporate different information in forming their risk beliefs and making decisions 

involving prescription drugs. We focus particularly on the role of controversial sources of information—direct-to-consumer 

advertising (DTCA) by pharmaceutical companies and its counterpart advertising in which attorneys advertise the risks of the 

drug in an attempt to recruit clients, which we term litigation advertising. The medical community has expressed concern 

that litigation advertising, which is not subject to regulatory approval, may provide information that disrupts the physician- 

patient relationship and might undermine the accuracy of the information provided by other information sources that are 

highly regulated by the Food and Drug Administration (FDA). But beyond anecdotes, there is little evidence of whether 

attorney advertising affects risk beliefs, the magnitude of any impact of advertising on risk beliefs, and whether any result- 

ing changes in risk beliefs systematically alter behavior. A better understanding of these relationships is a critical input to 

assessing whether litigation advertising goes beyond providing legal information and also has an impact on patients’ risk 
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beliefs in a way that justifies including litigation advertising in the current regulatory structure that governs information 

provided by pharmaceutical companies, pertinent government agencies, and physicians and other healthcare professionals. 

To better understand how people respond to attorney advertising about prescription drugs, we administered an experi- 

ment to measure subjective risk beliefs and to observe behavior in an incentivized environment. Subjects in the experiment 

had a hypothetical medical condition that could be treated with drugs, including a fictitious prescription drug. All of the 

subjects received risk information about the prescription drug from a doctor and a drug label. Subjects were randomly as- 

signed to groups, one of which was additionally exposed to a mock attorney video commercial that described the risks of

the prescription drug. A second group of subjects was exposed to a mock pharmaceutical company video commercial about 

the same drug, which contained similar risk information, but focused on the benefits of the drug. A third group saw both

commercials, and a fourth group saw neither video but only received the information from the doctor and the drug label.

The survey instrument elicited subjects’ subjective risk beliefs about the drug at multiple points during the experiment. 

After receiving information from these multiple sources, participants engaged in an incentivized experiment in which they 

chose whether to take the prescription drug, a lower risk over-the-counter drug, or no drug. 

The results of the experiment demonstrate that litigation advertising does more than provide litigation-related informa- 

tion to patients who have incurred product-related injuries. These ads also influence risk beliefs among people who might 

take the drug but who have not yet experienced any adverse effects. Notwithstanding the provision of more authoritative 

risk information by a physician and product label, attorney advertising increased patients’ subjective risk beliefs about the 

drug, and those increases in turn lowered the likelihood that a subject would choose to take the prescription drug in the

experiment. 

The findings also provide insight into how consumers update risk beliefs consistent with a Bayesian learning process. 

Our econometric model makes it possible to distinguish the risk probabilities implied by each type of information and the 

informational weights that the subjects placed on different sources of risk information. The level of risk beliefs that subjects 

formed in response to the risk information had the expected impact on decisions to use the drug, with those who had

higher risk beliefs being less likely to take the drug. People not only learned, but they also incorporated this information in

their subsequent incentivized drug usage decisions. Although attorney ads boosted risk beliefs because of the very high risk 

levels implied by these alarmist messages, the impact of the high risk levels implied by the ads was limited by the lower

informational weight that respondents placed on attorney advertising. The effect of attorney ads was often dampened or 

offset by the effect of other information sources, such as pharmaceutical advertising. 

1. Background 

The economic mechanism underlying the potential impact of pharmaceutical advertising by companies and attorneys 

is that people draw on a variety of sources of information in forming and updating their risk beliefs, including advertise-

ments. A substantial literature empirically examines how risk beliefs are updated based on new sources of information 

( Viscusi, 1998 ). Workers update their risk beliefs after receiving information about job risks ( Viscusi and O’Connor, 1984 ),

as do consumers for household chemicals and pesticides ( Magat and Kip Viscusi, 1992 , Viscusi and Magat, 1987 ) and those

who receive information about radon ( Smith and Johnson, 1988 ). People update subjective risk beliefs based on new infor-

mation even when objective probabilities are not revealed ( Foster et al., 2018 ) and when pertinent information is held by

strategic experts ( Sheremeta and Shields, 2017 ) and firms ( Wenzel, 2014 ). Personal effort into acquiring more information

can help alleviate inefficiencies created by these types of situations with asymmetric information ( Agarwal et al., 2019 ). 

In the healthcare context, women update risk beliefs about contraceptives based on new information ( Delavande, 2008 ). 

Smokers update their longevity expectations when they experience adverse smoking-related health shocks ( Smith et al., 

2001 ), and people update risk beliefs about food safety ( Rheinberger and Hammitt, 2018 ). Not all people update risk be-

liefs using linear probability weighting ( Bruhin et al., 2010 ), and responses are not always consistent ( Shogren and Stam-

land, 2007 ), but people are generally willing to pay for safety improvements ( Dickie and Gerking, 1996 ; Gerking et al., 2014 ).

When given divergent information about an environmental risk by different groups of experts, people tend to place inor- 

dinate weight on the high-risk assessment, leading to alarmist reactions to highly publicized events ( Viscusi, 1997 ). If that

result extends to pharmaceutical risks, then the higher risk assessment in the attorney advertisements should tend to have 

a disproportionately greater influence than the statements by the pharmaceutical company. In fact, the very existence of 

litigation advertising may signal to consumers that attorneys believe that side effects of these drugs are serious enough to 

make for profitable lawsuits. A potentially offsetting influence is that attorneys may be less credible if they are viewed as

having less access to pertinent scientific information regarding the drug, so that a difference in the perceived expertise of 

the two groups may diminish the tendency to place a greater weight on the higher risk assessment. 

Carefully crafted experiments allow for insights into which aspects of risk perception and decision making are at play 

in different contexts ( Tymula, 2019 ). For example, risk aversion plays a key role in explaining why some students tend

to underperform when prize spreads are large ( De Paola et al., 2018 ). Entrepreneurs who socialize with more risk-taking

entrepreneurs tend to show more risk tolerance going forward ( Lopera and Marchand, 2018 ). Experiments have shown that

both traditional decision theory variables and psychological trait variables have significant roles in predicting decisions and 

outcomes ( Rustichini et al., 2016 ). We build on these lines of research to better understand the role of risk updating and

behavior in the context of pharmaceutical drugs. 
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For products such as pharmaceutical drugs, a consumer’s risk perceptions are likely based in part on their general med- 

ical knowledge and outside sources of information, such as doctor recommendations and drug labels. More controversial 

sources of information about prescription drug risks—DTCA through television and online commercials and the attorney 

counterpart of litigation advertising—are the focus of this paper. There is growing empirical research literature about the 

DTCA of pharmaceutical products by pharmaceutical companies 1 but little empirical research regarding the counterpart liti- 

gation advertising by attorneys. This research gap is coupled with a lack of governmental oversight, as attorney advertising 

about pharmaceutical products is not regulated by the Food and Drug Administration (FDA). 

The pharmaceutical industry spends more than $6 billion per year on DTCA of prescription drugs ( Celia, 2017 ). The FDA

regulates these commercials and requires pharmaceutical companies to balance their description of drug benefits with a 

description of possible side effects. These adverse consequences are those specified on the product label, which must be 

approved in advance by the FDA. Even though drug companies are required to discuss negative side effects in their ads,

the commercials are presumably effective at increasing sales of the advertised prescription drugs through some channel 

of influence on patients, physicians, or insurers in this complex market. In 2015, the American Medical Association (AMA) 

called for a ban on DTCA of prescription drugs ( American Medical Association, 2015 ). There is some evidence in support of

their position ( Dave, 2013 ). 2 

The FDA does not regulate attorney advertisements that seek clients to join class actions or to make individual claims 

against pharmaceutical companies. The content of attorney advertising is instead loosely regulated by state legal ethics 

boards, often overseen by the state supreme courts. States do not require attorney advertisements to provide balance in 

their descriptions, so unlike the FDA requirement that pharmaceutical commercials describe both benefits and risks of a 

drug, attorney commercials can focus solely on risks as long as it is not done in a false or misleading way. Partly because of

this imbalance in regulatory requirements, members of Congress are concerned that risk perceptions may be unduly influ- 

enced by attorney advertising about prescription drugs. At a 2017 hearing, a physician provided an anecdote about a patient 

who stopped taking an important drug after becoming frightened by an attorney advertisement that the patient saw on 

television. Without consulting the doctor, the patient stopped taking a blood thinner and subsequently had a fatal stroke. 

Our experimental study addresses the possibility of similar types of consumer responses, but with less lethal consequences. 

The medical community advocates more balance in attorney advertisements dealing with subject matter relating to phar- 

maceutical risks in order to prevent patients from making medical decisions based on one-sided information provided by 

attorneys. 

The rejoinder by the legal community that engages in this type of advertising is that there are very few complaints

made to state legal ethics boards about advertisements dealing with pharmaceuticals. In fact, a study found no evidence of 

any attorney ethics investigations about attorney advertisements for pharmaceutical drugs over a twenty-five-year period 

( Tippett, 2015 ). The legal community points to this result as evidence of no major problem with the current situation,

and additionally emphasizes that these attorney commercials serve a valuable purpose—informing consumers about legal 

rights and the opportunity for compensation for conditions caused by serious side effects, even if those are rare events 

( Government Publishing Office, 2018 ). Without these advertisements, patients may not know that some medical problems 

were caused by prescription drug side effects. The study of over 900 attorney advertisements of drugs and medical devices 

by Tippett ( Tippett, 2015 ) found that the median commercial spent 20 of the 30 seconds discussing the risks of medical

products and no information about benefits of the drug or the importance of contacting one’s doctor before discontinuing 

use of the drug. 

There is some empirical evidence about the effects of DTCA on various aspects of behavior, such as number of pa-

tient requests for a drug ( Mintzes et al., 2002 ), prescriptions for a drug ( Hansen et al., 2010 ), and compliance tak-

ing a drug ( Wozinska, 2005 ). Pharmaceutical advertising has both an informative and persuasive role in drug choice 

( Jayawardhana, 2013 ). Broadcast DTCA appears to have more influence than non-broadcast ads ( Dave and Saffer, 2012 ). 

There is much less research on the effect of attorney advertisements on behavior. One study found that, while FDA ac-

tions such as relabeling or recalling a drug decreased the number of people taking the drug, litigation advertising did not

appear to play a major role in shifting usage of the drug ( Tippett and Chen, 2015 ). For five of the seven drugs studied,

attorney advertisements for drugs were correlated with increases in use of the drugs, which the study authors believed was 

explained by a timing issue—both attorney advertisements and prescription rates were high before a recall, but fell right 

after it, leading to a correlation, but not evidence of a causal relationship. A second study examined how various adver-

tisements affected patient perception of a contraceptive, finding that television commercials, including those by attorneys, 

played a major role in influencing patient perceptions about risks of the product ( Koski et al., 2014 ). The results from that

survey indicated that television commercials were a major source of information about a medical product, but the authors 

were unable to ascertain whether the commercials caused a higher perception of risk about the product or how any changes

in risk perceptions influenced behavior. 
1 Wilkes et al. (20 0 0 ) provides a nice summary of the medical, marketing, and popular media reporting on the subject at the turn of the millennium. 

Becker and Midoun (2016 ) provide a more recent survey for drugs that are relevant to psychiatry. 
2 In October 2018, the Department of Health and Human Services, which houses the FDA, announced a proposal to require pharmaceutical companies 

to include price information in their DTCA as part of an attempt to stem the rising costs of prescription drugs ( Department of Health and Human Services 

2018 ), so there is some regulatory movement in this area. 
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Fig. 1. Progression of Experiment with Different Sources of Information. 

Notes: Experiment participants started with pre-testing, as shown at the top of the figure, then made their way through the stages depicted traveling down 

the figure. Participants were randomly assigned into 1 of the 4 groups that are presented horizontally, then continued down the chain. Subjective risk 

beliefs refer to when the survey asked participants to report risk beliefs. Those who saw both ads provided risk beliefs after seeing each ad. 

 

 

This study explores the relationship between attorney advertising and prescription drug behavior by examining how 

people update their risk beliefs about prescription drugs. We use an experiment with randomized treatments, making it 

feasible to identify causal relationships. In the next section, we describe the experimental design that allows us to gather 

data on both subjective risk beliefs and objective drug-taking behavior of subjects. 

2. Experiment design 

3 

For this study, we recruited 187 students at Vanderbilt University to participate in a computer-based experiment. Re- 

cruitment was done on campus with flyers that advertised the opportunity to participate in an on-campus research study 

that would take about one half hour. In exchange for participants’ time and attention, they received the benefit of expe-

riencing research in action and a cash payment as they left the experiment site, a specialized computer lab designed for

social science experiments. The exact payment amount depended on decisions within the game and an element of chance. 

When participants arrived, they received an instruction sheet and a request for informed consent to participate in the study. 

Fig. 1 summarizes the structure of the experimental procedures, with participants beginning at the top stage and se- 

quentially proceeding to subsequent stages. Participants first completed practice rounds that asked them to choose between 
3 This study received IRB approval number 180428 from Vanderbilt University Institutional Review Board. 
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taking either a prescription drug or an over-the-counter alternative, as shown in the screen shot in Figure A1 of the Ap-

pendix. In the practice rounds, one option strictly dominated the other. For example, in one practice round, participants had 

an option of taking a prescription drug that would provide no extra benefit, but added an element of risk because the pre-

scription drug had a chance of side effects. This question provided a dominated choice to alert subjects to the importance

of taking into account both the benefit and risk dimensions for assessing the desirability of the drug. If participants selected

to take the prescription drug in that scenario despite posing greater risk with no extra benefits, they were informed that

the other option provided the same potential payout but without the risk and were asked to repeat the question until they

gave responses that were not dominated. These practice rounds introduced the ideas of drug efficacy and risk of side effects.

Participants also became familiar with the layout and choice mechanism used in the experiment. 

Participants next considered a description of a hypothetical situation. The survey told participants—as in Figure A2—that 

they had been experiencing back pain that made it difficult for them to concentrate at work. The survey text in Figure A3

informed them that their long-time family physician diagnosed the problem as a herniated disk that would cause pain but 

would not be associated with any other long-term conditions. As represented by the “Doctor Information” box in Fig. 1 , the

doctor described the risks of a drug when prescribing an opioid pain patch called Benetrex that could be used to reduce

the pain level. The characteristics of this drug were patterned after popular slow-release opioid prescription drugs. If the 

Benetrex patch caused drowsiness or dizziness when it was applied in the morning, the doctor told the patient not to go

into work that day because a common side effect of the drug was short-term drowsiness that could make it dangerous to

drive. As indicated by the first “Subjective Risk Beliefs” box in Fig. 1 , and depicted in Figure A4, the survey asked participants

for their subjective risk beliefs about the drug, reporting how many patients in 100 they expected to develop side effects

from taking Benetrex. Use of a population denominator of 100 is well-established as being an easily understood format 

for eliciting probabilistic beliefs for risks of the magnitude examined in this experiment. We refer to this first round of

subjective risk beliefs as the stage 1 beliefs. Respondents also responded to a similar question about serious side effects of

Benetrex, also shown in Figure A4. 

When the prescription was filled, the label of the drug provided additional information about the common and rare 

side effects for the drugs. As shown in Figure A5, serious side effects included addiction and severe respiratory distress 

that could lead to death. In the second “Subjective Risk Beliefs” box in Fig. 1 , the survey asked participants a second set of

questions about their stage 2 subjective risk beliefs about Benetrex, where these beliefs reflected the cumulative impact of 

the physician’s briefing and the label information. 

The next step in the survey, depicted as the horizontal line in Fig. 1 , depended on which of four groups a participant

was randomly assigned to: 

Group 1: watched no commercials 

Group 2: watched a pharmaceutical commercial 

Group 3: watched an attorney commercial 

Group 4: watched both the pharmaceutical and attorney commercials 

Participants in Group 1—the control group—proceeded to the experiment involving usage of the drug without any addi- 

tional elicitation of risk beliefs. The participants who were in the advertising treatment groups were told that they saw a

commercial while watching television that night. The subjects’ computer screens displayed the mock commercials. We used 

an experimental design with videos to present the commercials rather than print or on-screen advertising because video 

advertisements for pharmaceutical products have a greater impact on consumer behavior ( Dave and Saffer, 2012 ). 

The nature of the content and the time allocations to different aspects of the commercials were modelled after attorney 

litigation advertising and pharmaceutical company DTCA. After reviewing a large number of such ads and factoring in the 

results of Tippett ( Tippett, 2015 ), we developed a template for the structure and content of the advertisements. The ads

were designed to fit a long-form commercial slot commonly used on broadcast and cable television. Text displayed on the 

screen was made to mimic the content, size, and contrast of text commonly found on pharmaceutical and attorney ads. 

Phrases that were commonly used in real commercials, such as “dangerous drug” in attorney ads and “long-lasting relief” in 

pharmaceutical ads, were included in the mock commercials to make them a reasonable surrogate for actual advertising. 

The pharmaceutical commercial showed a man talking about how back pain kept him from doing the things he loved, 

like playing with his children and getting a good day’s work done. 4 He described how Benetrex enabled him to get back

to doing the things he loved. While showing pictures of the man playing outside with his children, a voiceover described

the common and rare side effects of Benetrex and said that the drug was not for everyone. The screen simultaneously

displayed warning information in small print. The commercial ended with the man telling viewers to talk to their doctor 

about Benetrex. 

The attorney commercial showed a man in a suit in a law office asking viewers if they or a loved one had taken Ben-

etrex. 5 The lawyer described the possible side effects of Benetrex, emphasizing the serious conditions that could lead to 

death. Text of the possible side effects appeared in large font on the screen. No mention was made of the benefits of Bene-

trex nor any statement about viewers talking to their doctors before making medical decisions. The commercial ended with 
4 The pharmaceutical commercial is available to view at: https://youtu.be/UqhuvcLv0YY . Figure A6 provides a screen shot of the video. 
5 The attorney commercial is available to view at: https://youtu.be/peckw9UEOWU . Figure A7 provides a screen shot of the video. 
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a description of the fictitious law firm and how their attorneys would help injured patients get compensated and hold the

reckless pharmaceutical companies accountable for the risks they imposed on society. Viewers were told to contact the law 

firm at the firm’s website or by calling 1-866-BAD-DRUG, which is similar to what viewers of actual litigation advertising 

are told to do. 

Both commercials were produced to mimic actual commercials by pharmaceutical companies and law firms. The pro- 

duction values of the attorney and pharmaceutical ads were similar to each other, though below that of some real-world 

advertisements. The pharmaceutical commercial used pleasant music in the background and had relatively bright lighting. 

The attorney commercial, in contrast, had somber music in the background and relatively dark lighting. Other than these 

intended effects, the two commercials were made in a way to control for other differences. Both commercials used similar 

production methods and featured white males in their late 20 s or early 30 s as the lead actor and narrator. Both commer-

cials presented similar risk information about Benetrex, although the text was easier to read in the attorney commercial 

than it was in the pharmaceutical commercial. 

Participants in Group 4 saw both commercials, with half randomly assigned to see the attorney commercial first and half 

assigned to see the pharmaceutical commercial first. After seeing each commercial, participants were asked for their subjec- 

tive risk beliefs about Benetrex—which we refer to as stage 3 beliefs—and rated the commercials as sources of information. 

As indicated in Fig. 1 , there consequently were two post-advertising rounds of elicitation of subjective risk beliefs for the

subsample who viewed both advertisements. 

Participants then proceeded to the experiment and were randomly assigned a pain level of either low, medium, or high 

to describe the condition of their back problem that day, as depicted in Figure A8. Participants with high levels of pain were

told they could not focus at work and would complete $0 in tasks that day. With a medium level of pain, participants could

complete $1 in tasks. Participants with low levels of pain could complete $2 in tasks. Finally, participants with no pain could

complete $3 in tasks in a day. The payment amounts reflected the actual stakes in the experiment. The setup was intended

to evoke a somewhat realistic scenario that had been simplified to involve only straight monetary payoffs. This is not a

great oversimplification because minor health impacts can be treated as monetary equivalents since they do not alter the 

structure of the underlying utility function ( Viscusi, 2019 ). 

Participants chose whether to take Benetrex, an over-the-counter painkiller, or no medicine. Benetrex was able to lower 

pain by two levels on the experimental pain scale, so a high level of pain could become low pain, or a medium level of pain

could become no pain. The over-the-counter alternative could lower pain by one level, so a high level of pain could become

medium pain, etc. Taking no medicine resulted in no reduction in the pain level. 

Benetrex posed a risk of side effects. If a participant chose to take Benetrex, a draw from a random-number generator

determined whether the participant saw a screen reporting no side effects as in Figure A9(a), or a screen reporting adverse

side effects as in Figure A9(b). The probability of experiencing side effects when taking Benetrex was 0.25. Participants were 

not given this quantified risk estimate because one objective of the study was to ascertain the effect of the risk information

provided by the advertisements on subsequent behavior. This approach is consistent with actual patient decisions, as most 

real-world patients are not familiar with quantitative risk information about drug risks ( Edwards et al., 2002 ). The side

effects in the experiment were drowsiness and dizziness that made it so the participant could not drive to work that day. If

that occurred, the participant did not earn any money for that day, but the participant would be fine by the next morning.

There was no risk of serious side effects within the experiment. Both no medicine and the over-the-counter painkiller were 

assumed to be completely safe, so there were no side effects for those options. 

This setup meant that not taking medicine was never a beneficial choice because it was strictly dominated by the over-

the-counter drug, which would offer a lower level of pain—an extra $1—without any risk of side effects. The option not to

take medicine was intended to be a rationality check to ensure that participants were paying attention to the incentives 

created by the setup of the game, and we will find that choice of the dominated option was very infrequent. Benetrex was

a high-risk and high-reward option, while the over-the-counter painkiller was a risk-free option that could ensure that a 

participant could earn at least $1 that day. The experiment had 10 rounds, each of which represented a day, although the

participants were not told the exact number of rounds to avoid distortions in behavior. As depicted in Fig. 1 , participants

finished the survey by reporting stage 4 risk beliefs and answering questions about demographics and risk tolerance. After 

completing the survey instrument, participants received an envelope containing a cash payment that equaled their earnings 

in the experiment. The average payout was $21.78. 

As reported in Panel A of Table 1 , the average age of participants was 20.6. Participation skewed female with 60% of the

sample. Racial minorities comprised 40% of the sample. About half of the participants described themselves as Democrats, 

20% were Republicans, and the remainder were either independent or identified with another political party. In response to 

questions about risk preferences, 91% of participants said they always wore a seatbelt while in a car and 3% were smokers. 

3. Bayesian model for updating of risk beliefs 

3.1. Theoretical model 

To explore the effect of the drug information, it is useful to have a formal model of the Bayesian learning process in

the spirit of that in Viscusi and O’Connor ( Viscusi and O’Connor, 1984 ). We begin with the basic situation in which subjects

have received information from the physician, after which the survey elicited their risk probability q for adverse drug effects. 
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Table 1 

Summary statistics. 

Panel A: Experiment Participant Characteristics 

Age 20.6 

(4.3) 

Male 0.40 

(0.49) 

Nonwhite 0.39 

(0.49) 

Democrat 0.49 

(0.50) 

Republican 0.20 

(0.40) 

Always Wears Seatbelt 0.91 

(0.29) 

Smoker 0.03 

(0.18) 

Panel B: Subjective Risk Beliefs Side Effects out of 100 Patients Serious Side Effects 

Stage 1: After Doctor 33.5 

(19.4) 

7.9 

(11.7) 

Stage 2: After Drug Label 40.6 

(19.6) 

9.1 

(14.9) 

Stage 3: After Attorney Ad 45.3 

(12.8) 

9.1 

(12.8) 

Panel C: Behavior in Experiment 

Earnings $21.78 

2.72 

Benetrex Doses during 10 Rounds 3.16 

(1.87) 

Over-the-counter Drug during 10 

Rounds 

6.68 

(2.58) 

No Drug during 10 Rounds 0.16 

(0.59) 

Ever Took Benetrex 0.91 

(0.28) 

Side Effects 0.57 

(0.69) 

Notes: N = 187 for all rows except After pharmaceutical ad ( N = 94) and After attorney ad. 

( N = 94). Standard deviations in parentheses. 

 

 

 

 

 

 

 

We refer to this risk belief q as their prior probability. They then receive information from some source i , leading to their

posterior risk assessment p i . Embedded in this process is that subjects implicitly assign a risk probability s i to the new

information. 

The subjects combine their prior probability and the risk implied by the new information in a Bayesian learning process. 

The beta distribution is quite flexible and is ideally suited for analyzing Bernoulli processes such as this. The informational 

weight on the prior is γ , i.e., in forming their prior, subjects act as if they have observed γ Bernoulli trials of which a

fraction q led to an adverse health effect. Similarly, for the new information i , subjects’ beliefs regarding that information

are equivalent to observing a fraction s i of adverse risk outcomes in ξi trials. The total information after receiving the new

information is the sum of ξi + γ , or the sum of the two information weights. The posterior risk assessment p i is given by 

p i = 

ξi s i + γ q 

ξi + γ
= 

ξi 

ξi + γ
s i + 

γ

ξi + γ
q. (1) 

Thus, the posterior risk assessment p i equals the weighted sum of the risk levels associated with the new information

and the prior beliefs, where each of these terms is weighted by the fraction of the information associated with that source.

In the empirical analysis, we will estimate an equation of the form 

p i = αi + βi q, (2) 

where 

αi = 

ξi s i 
ξ + γ

, (3) 

i 
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and 

βi = 

γ

ξi + γ
. (4) 

The observable risk belief values are p i and q . The coefficient βi of the prior risk beliefs is the fraction of the informational

weight that the subject places on the prior beliefs. This result implies that 1 − βi is the fraction of the informational weight

accorded to the new information. The intercept term αi represents the combined influence of the implied risk level s i and

the informational weight fraction ξi / ( ξi + γ ) . 

Based on these estimates of αi and βi , it is also feasible to construct two other measures of economic interest. The risk

level s i implied by information source i is given by 

s i = αi / ( 1 − βi ) . (5) 

The relative informational content implied by the information λi is given by 

λi = ξi /γ = ( 1 / βi ) − 1 . (6) 

The empirical analysis consequently will be able to estimate a variety of key learning components for each of the four

informational sources that occur after the doctor visit: drug labels, pharmaceutical company ads, attorney ads, and experi- 

ence in the experiment. The estimated values that we explore are the fractions of information associated with the prior and

each risk information source, the relative amount of information conveyed by the information source compared to the prior, 

the total effect of the new information on posterior risk beliefs, and the risk level implied by the warning. 

This analysis is facilitated by the experimental design in which subjects receive new information in a sequential manner. 

For subsequent stages of the experiment, subjects may receive different and multiple types of information so there are 

different ξi values that are used in calculating the total information each subject has. It is still possible to analyze the

overall effect of different information sources on risk beliefs in terms that are the counterparts of the ξi s i / ( γ + ξi ) values

above. When the updated risk beliefs serve as the priors in these subsequent risk belief analyses, it is possible to estimate

the risk level and information weight associated with these later stage priors, but it is not feasible to estimate the specific

role of the several sources of information that contributed to these later stage priors. 

3.2. Empirical models 

To test how various sources of information influence risk beliefs and behavior, we use summary statistics and regression 

models. The regression equation used to explore the role of demographic variables in explaining risk beliefs: 

p j = X j 
′ θ + ε j , (7) 

where p j is participant j ’s risk beliefs after receiving information from the doctor, which is the first time that risk beliefs are

measured. The first regression involves risk beliefs about side effects and a second regression involves beliefs about serious 

side effects. Demographic variables including age, sex, race, political affiliation, seatbelt use, and smoking status are included 

in vector X j . This model facilitates understanding of how demographic differences within the sample explain differences in 

risk beliefs. 

Subsequent regressions explore the role of various sources of information on the evolution of risk beliefs. As discussed 

above in relation to Eq. (2) , posterior risk beliefs p ij are regressed on prior risk beliefs q j that are augmented by more

information as the participant goes through the stages of the experiment. This results in a regression of participant j ’s risk

beliefs after source of information i on the prior risk beliefs q j and an intercept term αi , which are interpreted in the

Bayesian learning model with help from Eqs. (3) and (4) : 

p i j = αi + βi q j + ε i j. (8) 

The intercept term captures how much the new information source i shifts risk beliefs, while the coefficient on prior risk

beliefs captures the portion of weight put on the previous risk beliefs. As before, the risk belief variables take the form of

beliefs about both side effects and serious side effects. With multiple sources of new information in the experiment, this 

results in several regressions for the different stages shown in Fig. 1 . As described in Eqs. (5) and (6) , the Bayesian model

implies that these results can be used to estimate the risk level implied by each source of information and how much

weight is put on the new source of information relative to weight placed on prior beliefs. 

To examine drug-taking behavior within the incentivized experiment, we regress the total number of uses of Benetrex in 

the ten rounds on risk beliefs of participants immediately before entering the experimental portion of the study: 

Benetre x j = α + δq j + ε j . (9) 

Here, δ measures the average weight placed on participant j ’s risk beliefs in explaining objective drug-taking behavior, 

with a negative coefficient indicating that higher risk beliefs would lead to taking the riskier prescription drug less often. 

A similar equation adds participant j ’s randomly assigned advertising group to the regression ( Grou p k , with k = 2,3,4,

with the omitted category the control Group 1) to test whether DTCA or litigation advertising has an effect outside of the

channel of shifting risk beliefs: 

Benetre x j = α + δq j + 

∑ 

k 

ρk Grou p k + ε j . (10) 
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The next regressions include Benetrex as an independent variable and a measure of the fraction of adverse experiences 

when taking Benetrex, which is direct counterpart of probability value based on draws from a Bernoulli urn. In particular, 

Proportion of Negative Side Effects tests whether the number of negative side effects experienced as a portion of the times

taking Benetrex—taking a value of 0 for those who never take Benetrex—shifts subjective risk beliefs: 

p j = α + δq j + πBenetre x j + ωP roportion of Negati v e Side E f f ect s j + ε j . (11) 

Including potentially endogenous choice variables such as Benetrex taken in the experiment and the proportion of neg- 

ative side effects as independent variables introduces additional concerns about bias. Given the temporal structure of the 

experiment, prior risk beliefs will affect subsequent Bentrex usage and experiences, and the posterior risk beliefs are elicited 

after Bentrex usage decisions and experiences. However, if people who are more likely to take Benetrex update their risk 

beliefs differently than those who are less likely to take Benetrex, then all of the coefficients can be affected with bias that

could theoretically go in either direction—our risk updating model does not predict a particular direction for the bias. To 

help address these concerns, we run similar regressions without the potentially endogenous choice variables to assess the 

stability of the estimates. The conditional correlations may provide useful information for policy makers who are trying to 

assess how experience may interact with consumers’ risk beliefs, though they may not show a directional causal relation- 

ship. 

A final set of regressions combines elements of the above models to test the role of risk beliefs at different stages, ex-

perience within the experiment, and randomly assigned groups in explaining the final set of risk beliefs. The interpretation 

of the coefficients is less directly aligned with the Bayesian learning model, as this regression represents the first depar- 

ture from the format in which each variable had a direct interpretation as the fraction of adverse outcomes in a series of

Bernoulli trials. In this aggregated regression, there are risk beliefs q i for multiple stages of the experiment. Benetre x j mea- 

sures the number of times participant j took Benetrex, and P roportion of Negati v e Side E f f ect s j is the number of times that

participant experienced negative side effects divided by Benetrex taken. The expanded model takes the form: 

p j = α + 

∑ 

i 

δi q i j + πBenetre x j + ωP roportion of Negati v e Side E f f ect s j + 

∑ 

k 

ρk Grou p k + ε j . (12)

Participants in Groups 1, 2, and 3 do not have a complete set of risk belief measurements because they did not see both

commercials—so there are no q i j values available for every information source for these participants. We therefore control 

for the missing values after imputing means from the observed data. The Grou p k variables consequently embody the effects 

of the group design as well as the effects of controlling for the missing data. To confirm that the general results hold, we

also restrict the sample to those in Group 4 who have no missing data. As with the regressions of Eq. (11) , these regressions

include potentially endogenous choice variables that are omitted in initial results to test the effect of information sources 

relative to each other and explore whether coefficients remain stable. For Eq. (12) , we next add group variables, then we

include the full slate of variables. 

4. Results 

4.1. Risk beliefs 

Subjective risk beliefs shifted as participants received new sources of information, as reported in Panel B of Table 1 and

displayed in Fig. 2 . The risk belief graphs in Fig. 2 distinguish the assessed risk out of 100 for general side effects and

serious side effects. Their patterns—which are visible but rarely depart from 95% confidence intervals—are quite similar, 

with the main difference being that the risk beliefs are higher for adverse side effects generally rather than serious side

effects, which occur less frequently. Participants first reported Stage 1 subjective risk beliefs about Benetrex side effects 

after receiving information from their doctor: the average belief was an assessed probability of 0.34 for side effects and 0.08

for serious side effects. After seeing the drug label, in stage 2 these numbers rose to 0.41 for side effects and 0.12 for serious

side effects. While all subjects received the physician information and the labeling information, the subsequent information 

sources varied across subjects. Those who saw the pharmaceutical ad (Groups 2 and 4), reported a drop in subjective risk

beliefs to 0.31 for side effects and 0.09 for serious side effects in stage 3. For those who saw the attorney ad (Groups 3

and 4), the reported beliefs after seeing the commercial increased to 0.45 for side effects and 0.20 for serious side effects

in stage 3. Those in Group 4 who saw both commercials had similar reported beliefs—increases in beliefs after seeing the

attorney ad and decreases in beliefs after seeing the pharmaceutical ad—whether they saw the pharmaceutical or attorney 

commercial first. 6 After participating in ten rounds of the experiment, the average participant had stage 4 risk perceptions 

of 0.31 for side effects and 0.09 for serious side effects. 

As reported in Table 2 , which estimates Eq. (7) above, four conditional correlations between demographic variables and 

stage 1 subjective risk beliefs, which were elicited after receiving information from the doctor but not from additional 

sources, were statistically significant. Nonwhite participants expressed beliefs about common side effects that were about 
6 T-tests for differences in means of risk beliefs about side effects and serious side effects for the ordering of attorney and pharmaceutical ads for Group 

4 participants are not statistically significant, with the exception of beliefs about side effects after attorney ads which are lower at the 5% confidence level 

for those who saw the pharmaceutical ad first. 
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Fig. 2. Subjective Risk Beliefs with Different Sources of Information. 

Notes: Subjective risk beliefs about side effects (top solid line in each panel) and serious side effects (darker bottom solid line in each panel) of Benetrex, a 

fictitious prescription drug. Shaded area represents 95% confidence interval. Dashed line represents the true risk of side effects within the experiment, 25%. 

Dotted line represents the true risk of serious side effects within the experiment, 0%. The different sources of information are labeled on the x axis and 

the y axis indicates the number of patients out of 100 who participants believe will experience side effects. Panel 1d combines the risk beliefs of subjects 

who saw the attorney ad first with those who saw the pharmaceutical ad first, as there was not a statistically significant order effect. 

Table 2 

Regression of stage 1 subjective risk beliefs about benetrex on demographic variables. 

Stage 1 Side Effects: Risk Out of 100 Stage 1 Serious Side Effects: Risk Out of 100 

Age 0.54 0.07 

(0.36) (0.13) 

Male –3.88 4.13 ∗

(3.13) (2.30) 

Nonwhite 6.23 ∗∗ 4.78 ∗∗

(2.95) (1.85) 

Democrat –0.69 2.36 

(3.32) (2.24) 

Republican (4.04) (2.20) 

Always Wears Seatbelt 4.99 1.69 

(5.41) (1.75) 

Smoker –7.21 ∗ –3.39 

(3.71) (3.68) 

Constant 17.95 ∗ 0.21 

(9.19) (3.29) 

F-test of Joint Significance 2.81 

[0.01] 

1.19 

[0.31] 

Notes: N = 187. Robust standard errors in parentheses;. 
∗∗ statistically significant at 5% level;. 
∗ at 10% level. F-test of joint significance measures probability that coefficients other than the constant are non zero, with p-value in brackets. 

Subjective risk beliefs measured after receiving information from the doctor, which was the first time that subjective risk beliefs were measured. 
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Table 3 

Regressions of posterior risk beliefs on new information sources and prior risk beliefs. 

New Information Stage 1 Prior Beliefs Based on Doctor Information 

Drug Label Stage 2 Side Effects 9 .95 ∗∗∗ 0 .91 ∗∗∗

(1 .86) (0 .05) 

Stage 2 Serious Effects 4 .68 ∗∗∗ 0 .88 ∗∗∗

(0 .71) (0 .11) 

Stage 2 Prior Beliefs 

Group 2: Stage 3 Side Effects 7 .15 ∗ 0 .58 ∗∗∗

Pharmaceutical Ad (3 .97) (0 .13) 

Stage 3 Serious Effects −1 .05 0 .84 ∗∗∗

(1 .78) (0 .22) 

Stage 2 Prior Beliefs 

Group 3: Stage 3 Side Effects 15 .36 ∗∗ 0 .70 ∗∗∗

Attoney Ad (5 .89) (0 .17) 

Stage 3 Serious Effects 9 .15 ∗∗∗ 0 .73 ∗∗∗

(2 .39) (0 .12) 

Stage 2 Prior Beliefs or Stage 3a Prior Beliefs 

Group 4: Stage 3 Side Effects 1 .84 0 .74 ∗∗∗

Pharmaceutical Ad (3 .30) (0 .10) 

Stage 3 Serious Effects 1 .47 0 .38 

(3 .51) (0 .24) 

Stage 2 Prior Beliefs or Stage 3a Prior Beliefs 

Group 4: Stage 3 Side Effects 7 .88 ∗∗ 0 .89 ∗∗∗

Attorney Ad (3 .71) (0 .05) 

Stage 3 Serious Effects 3 .23 ∗ 0 .96 ∗∗∗

(1 .73) (0 .03) 

Stage 3 Prior Beliefs or Stage 2 Prior Beliefs 

Experience in Stage 4 Side Effects 8 .67 ∗∗∗ 0 .60 ∗∗∗

Experiment (2 .31) (0 .06) 

Stage 4 Serious Effects 0 .75 0 .67 ∗∗∗

(0 .78) (0 .08) 

Notes: N = 187 for Drug Label and Experience rows. N = 47 for the rows for Groups 2, 3, and 4. Robust standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗∗ at 5%;. 
∗ at 10% level. Each row represents a regression with the outcome variable of the risk beliefs in that row—results are presented in this unconventional 

format to avoid an extensive number of tables or an excessively wide one. The coefficient in the new information column represents the shift in risk 

beliefs associated with that row’s source of information, corresponding with the constant in each regression, αi in Eq. (8) . The prior risk beliefs column 

reports the weight put on the prior risk beliefs, βi in Eq. (8) , from the previous stage in the experiment, which is generally the block above in the 

table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 points higher on the 100-point scale, which was a statistically significant difference at the 5% level. Likewise, nonwhite 

participants reported beliefs about serious side effects that were almost 5 points higher and significant at the 5% level. These

results may stem from greater caution that nonwhite respondents display with respect to health care since their medical 

care options may be more limited than for white respondents ( Institute of Medicine 2002 ). Smokers reported lower risk

beliefs about side effects that were 7 points lower and males reported beliefs about serious side effects that were 4 points

higher, but these effects were only significant at the 10% level. One would not necessarily expect many participants to have

strong prior risk beliefs concerning this fictitious drug. An F-test indicates joint significance of coefficients in the regression 

of side effects, but no joint significance of coefficients in the regression of serious side effects. 

Table 3 presents the regression estimates of Eq. (8) to test for the statistical significance of the influence of these informa-

tion sources based on the risk belief model above. The twelve rows of the table correspond to twelve different regressions—

six for risk beliefs about side effects and six for risk beliefs about serious side effects—that include one of the specified new

information sources and the respondent’s prior or revised prior risk belief variable before receiving that information. The 

prior risk beliefs generally incorporate more information while moving down the table because the participant has received 

more stages of information that serve as the baseline before assessing the impact of the new information source. In the

case of the drug label row of Table 3 , the prior risk beliefs reflect the influence of the information provided by the doctor

and any outside knowledge the participant brings into the experiment. For the other three informational inputs, the prior 

belief column corresponds to the revised prior that has been updated after receiving cumulative information from the pre- 

vious sources noted in Table 3 . For participants in Group 1, the next stage after the drug label was experience within the

experiment, so the final row presents the results from that group, and their prior beliefs do not include any influence from

ads because that group saw no ads. Participants in Group 2 saw the pharmaceutical ad after the drug label, so their stage 2

prior beliefs at that point included the doctor and drug label information. That was also the case for participants in Group 3

who saw the attorney ad. Participants in Group 4 saw both commercials with the order randomly determined, so the prior

beliefs for the second commercial that they saw included the effect of the first commercial, which we refer to as stage 3a

prior beliefs. For participants in the groups that saw any commercial, the effect of the commercial(s) is incorporated into 

the stage 3 prior risk beliefs for the row involving experience in the experiment. 
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The first column of estimates in Table 3 corresponds to ξi s i / ( ξi + γ ) , the coefficient for the information source indicator

variable. This coefficient reflects the combined impact of ξi / ( ξi + γ ) , the fractional information weight for the new infor-

mation, and s i , the risk level implied by the new information. The second column of estimates consists of the coefficients

for the prior belief variable q , which is the reported risk beliefs after receiving information from the previous stages. This

coefficient corresponds to γ / ( ξi + γ ) , the fraction of the information weight accorded to the prior compared to that for the

new information. 

The first column of statistics in Table 3 is the coefficient for each of the information sources, which indicates the net

effect of each information source on the level of risk beliefs, i.e., the implied risk level weighted by the fraction of the in-

formation attributable to the information source j controlling for the impact of the prior risk beliefs. For side effects, the

smallest increase in risk beliefs is for the pharmaceutical ad, which leads to subjects in Group 4 assessing the risk as being

similar and subjects in Group 2 assessing the risk as being 7 cases out of 100 greater than before. That the pharmaceu-

tical advertising boosts the assessed risk at all suggests that the net impact of the advertising was to increase risk beliefs

somewhat above their level after the subjects received the physician’s briefing regarding the drug and the drug label. The 

greatest increase in risk beliefs is for the attorney ad, which highlights the dangers posed by the product and boosts risk

beliefs by about 16 cases out of 100. This increase in risk beliefs is a net effect that reflects both the risk level implied by

the advertisement as well as the informational weight assigned to the attorney ad. The large overall impact suggests that 

attorney advertising may exert a potentially powerful influence on risk beliefs even if consumers have received informa- 

tion from their doctor and the product label. The subject’s experiment experience and drug label information sources are 

intermediate cases in terms of the total effect on risk beliefs. 

The fraction of the information weight accorded to the prior risk beliefs in the second column of statistics in 

Table 3 ranges from 0.58 for the pharmaceutical ad for those in Group 2 to 0.91 for the drug label. Because the frac-

tional information weight for the new information in each of these situations is one minus the fraction accorded to the

prior information, the order of the relative informational weights for the new information is as follows: the pharmaceutical 

ad (for Group 2), experience in the experiment, the attorney ad (for Group 3), the pharmaceutical ad (for Group 4), and

the drug label. Although we cannot directly test differences between these weights because they are estimated in separate 

regressions—we are able to do that in regression estimates in Tables 7 and 8 —these estimates have useful interpretations

because they directly link with the Bayesian learning modeled in Section 3.2 above. The fractional weight of 0.09 on the

drug label reflects the result that subjects believe that there is little new information provided by the warning label that

was not already provided by the doctor. Those in Group 4 who saw multiple commercials tended to put higher weights on

their priors, which may reflect greater reliance on previous sources of information when new sources provide conflicting 

framing of information. The attorney ad may not have great credibility with respect to scientific product risk evidence so 

the relative informational weight for the attorney ad is less than that for the pharmaceutical company ad, which we test 

below. 

For serious side effects, the attorney ad increases risk beliefs the most, with an increase of 9 cases out of 100 for those

in Group 3 and a smaller increase of 3 cases out of 100 for those in Group 4. The drug label increases risk beliefs by 5

cases out of 100. The pharmaceutical ad and experience in the experiment do not move risk beliefs about serious effects,

which makes sense because the pharmaceutical ad did not focus on serious side effects and the experiment did not include

the possibility of serious side effects. Estimates of the weight on prior beliefs for serious side effects are generally similar to

weights on prior beliefs for common side effects. An exception was with the pharmaceutical ad, when greater weight was 

put on the prior risk beliefs for serious side effects than it was for side effects. 

Examining the effects of the information sources on risk beliefs based on the results in Table 3 does not distinguish

the components that comprise this impact—the implied risk associated with the information source and the informational 

content of the information source relative to that of the prior. In terms of the model above, the implied risk level is the

value of s i and the relative informational content of the source is ξi /γ . Following Eqs. (5) and ( 6 ), we calculate these values

and their standard errors. 7 Isolating the components of the impact of these information sources identifies the factors that 

contribute to the combined effects observed in Table 3 . The summary of these results in Table 4 indicates quite substantial

differences across the information sources in their implied risk levels and the relative informational content compared to 

that of the prior. For side effects, the attorney ad implies risks that are several times greater than the risks implied by the

pharmaceutical company ad, highlighting the potential dangers of permitting attorney ads to provide product risk informa- 

tion in advertising that is designed to promote litigation. What limits the ultimate impact of litigation advertising on risk 

beliefs is that the attorney ad is relatively less credible, as reflected in the low relative informational weight. The drug label

information implies a very high risk for which the confidence interval includes a probability of harm of 1.0. However, the

drug label provides very little information relative to that implied by the prior, which in this case is based on beliefs after

receiving the briefing by the physician, leading to the very low relative informational weight on the drug label. The greatest

relative informational weights are on the subject’s direct experience with the drug in the experiment and the pharmaceu- 

tical ad for those in Group 2, with the risks implied by those sources of information being lower than risks implied by

the attorney ad. The pharmaceutical ad receives relatively high informational weight and has a low implied risk level, so 
7 Stata’s nonlinear combination command allows us to calculate standard errors. For example: nlcom _b[_ cons ]/(1-_b[ stage 1 prior ]) for s i and nlcom 

(1/_b[ stage 1 prior ]) −1 for ξi /γ for the drug label estimates. 
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Table 4 

Risk estimates and informational content implied by risk beliefs based on different sources of information. 

Risk Out of 100 Informational Content 

Relative to Prior 

Drug Label Stage 2 Side Effects 114.4 ∗∗ 0.10 

(50.8) (0.06) 

Stage 2 Serious Effects 39.0 0.14 

(32.2) (0.14) 

Group 2: Pharma Ad Stage 3 Side Effects 17.1 ∗∗∗ 0.72 ∗

(4.7) (0.40) 

Stage 3 Serious Effects −6.6 0.19 

(19.6) (0.31) 

Group 3: Attorney Ad Stage 3 Side Effects 51.1 ∗∗∗ 0.43 

(13.1) (0.35) 

Stage 3 Serious Effects 33.5 ∗∗∗ 0.38 ∗

(10.4) (0.22) 

Group 4: Pharma Ad Stage 3 Side Effects 6.6 0.54 ∗∗

(9.2) (0.26) 

Stage 3 Serious Effects 2.4 1.64 

(4.8) (1.68) 

Group 4: Attorney Ad Stage 3 Side Effects 70.8 ∗∗∗ 0.13 ∗

(5.4) (0.07) 

Stage 3 Serious Effects 79.9 ∗∗∗ 0.04 

(26.7) (0.03) 

Experience in 

Experiment 

Stage 4 Side Effects 21.5 ∗∗∗

(3.4) 

0.68 ∗∗∗

(0.16) 

Stage 4 Serious Effects 2.3 0.49 ∗∗∗

(1.9) (0.18) 

Notes: N = 187 for Drug Label and Experience rows. N = 47 for rows for Groups 2, 3, and 4. Standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗∗ at 5% level;. 
∗ at 10% level. Prior beliefs are the reportedsubjective risk beliefs in the prior stage of the experiment. Each row presents results calculated from 

coefficients from regressions with the outcome variable of the risk beliefs in that row. The risk out of 100 column shows the risk level implied by the 

shift in risk beliefs from that row’s information source, corresponding with s i in Eq. (5) . The informational content column reports the relative weight 

put on that row’s information source compared to the prior, λi in Eq. (6) . 

 

 

 

 

 

 

 

 

 

 

 

 

its overall impact is to reduce risk beliefs below the levels implied by the other sources of information. Experience in the

experiment receives a high weight and has an implied risk that is statistically indistinguishable from the actual risk in the

experiment of 25 out of 100 cases. 8 

For serious side effects, the attorney ad receives a relative weight of 0.38 with an implied risk of 34 case out of 100.

These results are consistent with the focus of the attorney ad, which focused on the serious side effects such as death that

could provide the basis for litigation. Experience in the experiment receives a larger relative weight that is paired with a

low implied risk, which matches with the experimental setup that did not include the possibility of serious side effects. 

Estimates for implied serious side effect risk levels and informational weights for the pharmaceutical ad and drug label are 

not statistically significant. 

4.2. Behavior in the incentivized experiment 

As reported in Panel C of Table 1 , the average participant earned $21.78 in the experiment and took the prescription drug

3.2 times with adverse side effects an average of 0.6 times. Overall, 91% of the participants took Benetrex at least once. The

average participant chose to take no drug only 0.16 times during the 10 rounds—and 97% of participants chose it zero or

one time—so the built-in rationality check indicates that subjects were paying attention to the incentives of the experiment. 9 

With respect to drug choice, there were no major differences across groups, with participants in the no commercial Group 1

taking Benetrex 3.2 times, the pharmaceutical ad Group 2 taking Benetrex 3.1 times, the attorney ad Group 3 taking Benetrex

3.1 times, and Group 4 that saw both commercials taking Benetrex 3.2 times. None of these differences were statistically 

significant. 

Table 5 presents results of regressions of Eq. (9) , to examine the relationship of Benetrex use to risk beliefs, while the

second column includes the randomly assigned groups following Eq. (10) . Revised prior risk beliefs are based on all infor-
8 This objective probability of harm corresponds closely with the 26 out of 100 likelihood of the most common side effect—constipation—for actual 

synthetic opioid pain patches ( Prescribers’ Digital Reference 2020 ). 
9 A variable for those who selected “no drug” multiple times does not have a significant coefficient in the regression with participant characteristics 

reported in Table 2 . Excluding the handful of participants who chose “no drug” multiple times also does not meaningfully change the results presented in 

Tables 3 through 8. 
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Table 5 

Regression of drug usage on risk beliefs and information for randomly assigned groups. 

Total Benetrex Out of 10 Rounds 

Revised Prior Subjective Risk Beliefs 

about Side Effects 

–0.03 ∗∗∗

(0.01) 

–0.03 ∗∗∗

(0.01) 

Revised Prior Subjective Risk Beliefs 

about Serious Effects 

0.02 ∗

(0.01) 

0.02 

(0.01) 

Group 2—Pharmaceutical Ad – –0.40 

(0.40) 

Group 3—Attorney Ad – –0.14 

(0.40) 

Group 4—Both Ads with 

Pharmaceutical Ad Last 

– –0.38 

(0.38) 

Group 4—Both Ads with Attorney Ad 

Last 

– –0.02 

(0.56) 

Constant 3.94 ∗∗∗

(0.27) 

4.20 ∗∗∗

(0.37) 

Notes: N = 187. Robust standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗ at 10% level. The revised prior risk beliefs are the risk beliefs elicited immediately prior to the experiment: stage 2 for Group 1, stage 3 for Groups 

2 and 3, and stage 3b for Group 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mation that the subject had before beginning the experimental portion of the study. Thus, they include the stage 2 beliefs

elicited after the drug label for Group 1 and the stage 3 beliefs elicited after the commercial for those in Groups 2 and 3.

For those in Group 4 who saw both commercials, we use risk beliefs elicited after the last commercial seen, which we refer

to as stage 3b risk beliefs. The risk beliefs based on this information play a role in explaining behavior in the experiment. A

10-point increase in the subjective beliefs about the risk of side effects leads to a decrease of 0.3 doses of Benetrex, which

represents a 10% decrease from the average of 3 doses of Benetrex during the 10 rounds. Subjective beliefs about serious

side effects do not play a major role in explaining behavior in the experiment, which is reasonable since there was no risk

of serious side effects within the experiment. In the first column that presents estimates from a model that does not control

for randomly assigned groups, beliefs about serious side effects appear to be associated with increased Benetrex use, though 

this effect is only significant at the 10% level. Outside of the mechanism of subjective risk beliefs, randomly assigned groups

do not affect behavior in a systematic way. 10 As reported in the second column of Table 5 , the randomly assigned groups do

not have an independent effect on experimental behavior, as the influence of the pharmaceutical and attorney commercials 

is through their impacts on risk beliefs. 11 

4.3. Interplay of experience and risk beliefs 

A participant’s experience within the experiment helps to explain how the participant updates risk beliefs about Bene- 

trex, though—as discussed in Section 3.2—the potentially useful insights come at the cost of potential bias to the estimates 

due to endogenous independent variables. The first column of Table 6 presents estimates of the relative role of prior risk

beliefs and updating in the experiment, containing the same information as the last row of Table 3 . The second column of

Table 6 presents results of Eq. (11) , indicating that those who take more Benetrex in the experiment generally have lower

stage 4 risk beliefs, with a decrease of about 1.58 cases out of 100 for each Benetrex taken. But those who experience neg-

ative side effects in the experiment have higher stage 4 subjective risk beliefs, with the proportion of negative side effects

experienced divided by the number of Benetrex taken has a coefficient indicating an increase in risk beliefs of 22 cases

out of 100. A relative weight of 0.57 is put on the prior risk beliefs. For serious side effects, subjects place a higher weight

of 0.67 on the prior, and experience within the experiment does not appear to influence risk beliefs, which is consistent

with an experimental design that does not include the possibility of serious side effects. These results are consistent with 

a Bayesian learning model in which participants update risk beliefs based on different information sources, including per- 

sonal experiences with taking a drug. The coefficients on the relative weights on prior risk beliefs remain quite stable when

adding the choice variables, suggesting that the relative information weights remain relatively stable even after including 

the influence of the Benetrex usage variables and the resulting potential endogeneity bias. 

We next use Eq. (12) to test the relative roles of prior risk beliefs, experience in the experiment, and experimental groups

on final risk beliefs. As shown in Table 7 , prior risk beliefs from each of the stages are correlated with posterior risk beliefs,

with the largest informational weight on the doctor stage for side effects, starting with a weight of 0.39 with only risk belief
10 A similar regression that includes demographic variables does not change this result and none of the demographic variables are statistically significant. 
11 Similar regressions that instead have group variables interacted with risk beliefs elicited after seeing the ads also did not yield meaningful differences 

across groups—none of the interaction terms are statistically significant, indicating that ads did not affect risk beliefs differently across groups. Regressions 

that take the form of Eq. (12 ), except with total Benetrex as the dependent variable, do not yield significant results for any of the variables of interest. There 

is likely too much collinearity among the risk belief variables for the models to pick apart given that there is less variation in this dependent variable. 
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Table 6 

Regression of posterior risk beliefs on prior risk beliefs and experience in the experiment. 

Stage 4 Side Effects: Risk Out of 100 Stage 4 Serious Side Effects: Risk Out of 100 

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

Prior Risk Beliefs 0.60 ∗∗∗

(0.06) 

0.57 ∗∗∗

(0.06) 

0.67 ∗∗∗

(0.08) 

0.67 ∗∗∗

(0.08) 

Benetrex Taken in Experiment – −1.58 ∗∗

(0.66) 

– −0.36 

(0.32) 

Proportion of Negative Side 

Effects (Negative Side Effects / 

Benetrex Taken) 

– 22.35 ∗∗∗

(3.71) 

– 2.40 

(1.93) 

Constant 8.67 ∗∗∗ 10.87 ∗∗ 0.75 1.45 

(2.31) (3.71) (0.78) (1.52) 

Notes: N = 187. Robust standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗∗ at 5% level. Columns 1 and 3 exclude endogenous choice variables related to how many Benetrex a participant chooses to take during the experiment. 

Columns 2 and 4 include those variables. 

Table 7 

Regression of posterior risk beliefs prior risk beliefs, groups, and experience. 

Stage 4 Side Effects: 

Risk Out of 100 

Stage 4 Serious SideEffects: 

Risk Out of 100 

Prior Risk Beliefs (1) (2) (3) (4) (5) (6) 

Doctor 0.39 ∗∗∗

(0.12) 

0.32 ∗∗∗

(0.12) 

0.30 ∗∗∗

(0.10) 

0.26 ∗∗

(0.11) 

0.23 ∗∗

(0.11) 

0.22 ∗

(0.12) 

Label 0.21 ∗ 0.11 0.16 0.46 ∗∗∗ 0.40 ∗∗∗ 0.40 ∗∗∗

(0.12) (0.12) (0.11) (0.09) (0.10) (0.10) 

Pharma Ad 0.05 0.27 ∗∗ 0.22 ∗ 0.16 0.28 ∗∗ 0.28 ∗∗

(0.07) (0.12) (0.11) (0.10) (0.11) (0.12) 

Attorney Ad 0.07 0.24 ∗∗∗ 0.22 ∗∗∗ 0.12 ∗ 0.17 ∗∗ 0.17 ∗∗

(0.05) (0.09) (0.08) (0.06) (0.08) (0.08) 

Experience 

Benetrex Taken in 

Experiment 

– – −1.72 ∗∗∗

(0.64) 

– – −0.48 ∗

(0.27) 

Proportion of Negative Side 

Effects 

– – 27.13 ∗∗∗

(5.21) 

– – 2.09 

(1.57) 

Experimental Groups 

Group 2—Pharma ad – −13.02 ∗∗

(5.53) 

−12.50 ∗∗

(5.09) 

– −2.93 ∗

(1.20) 

−3.12 ∗∗

(1.23) 

Group 3—Attorney ad – −12.51 ∗∗∗

(4.44) 

−11.58 ∗∗∗

(2.99) 

– −0.95 

(1.52) 

−0.96 

(1.55) 

Group 4—Both ads – −22.74 ∗∗∗

(6.50) 

−20.66 ∗∗∗

(3.61) 

– −5.66 ∗∗∗

(2.14) 

−5.75 ∗∗∗

(2.17) 

Constant 7.37 ∗∗∗ 18.27 ∗∗∗ 18.05 ∗∗∗ −0.29 2.12 3.33 ∗

(2.45) (4.21) (4.44) (0.54) (1.32) (1.71) 

Notes: N = 187. Robust standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗∗ at 5% level;. 
∗ statistically significant at 10% level. Missing risk beliefs for those who did not see the pharma and/or attorney ads in stage 3 are imputed with the 

mean of observed values and the missing values are controlled for with the group indicator variables. In column 1, there are statistically significant 

differences between risk beliefs after the doctor and the pharmaceutical and attorney ads. In column 4, there are statistically significant differences 

between the risk beliefs after the label and the pharmaceutical and attorney ads. 

 

stages, dropping to 0.32 when group variables are added, and 0.30 when experience variables are added. 12 Pharmaceutical 

and attorney ads receive the next highest weight when controlling for groups and/or experience (0.22 to 0.27), but the label

receives the next highest weight (0.21) when only including risk belief stages. Differences between weights on the different 

stages are not statistically significant except for the pharmaceutical and attorney ads receiving less weight than the doctor 

when not controlling for groups or experience. 
12 Pairwise comparisons of coefficients in the first column of Table 7 reveal no statistically significant difference between weights on the doctor and label 

stages (p-value of 0.45), label and pharma ad (0.27), label and attorney ad (0.30), and pharma and attorney ads (0.79). More weight is put on the doctor 

stage than the pharma ad (0.02) and the attorney ad (0.02). 
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Table 8 

Regression of posterior risk beliefs on prior risk beliefs and experience for group 4 subsample. 

Stage 4 Side Effects: 

Risk Out of 100 

Stage 4 Serious Side Effects: 

Risk Out of 100 

Prior Risk Beliefs 

Doctor 0.04 

(0.23) 

0.09 

(0.20) 

0.30 

(0.21) 

0.23 

(0.20) 

Label −0.22 −0.11 −0.20 −0.15 

(0.17) (0.14) (0.18) (0.17) 

Pharma Ad 0.64 ∗∗∗ 0.54 ∗∗∗ 0.61 ∗∗∗ 0.60 ∗∗∗

(0.15) (0.15) (0.14) (0.13) 

Attorney Ad 0.35 ∗∗ 0.30 ∗∗ 0.22 ∗∗∗ 0.24 ∗∗∗

(0.15) (0.13) (0.06) (0.06) 

Experience in the Experiment 

Benetrex Taken – −1.41 

(1.06) 

– −0.76 ∗∗

(0.40) 

Proportion of Negative Side 

Effects 

– 30.83 ∗∗∗

(11.48) 

– 5.01 

(3.00) 

Constant 1.12 −0.20 −1.38 ∗ −0.17 

(5.01) (5.32) (0.78) (1.47) 

Notes: N = 47. Robust standard errors in parentheses;. 
∗∗∗ statistically significant at 1% level;. 
∗∗ at 5% level;. 
∗ statistically significant at 10% level. Restricted to those in Group 4 who saw both the pharma and attorney ads. In column 1, there are statistically 

significant differences between risk beliefs after the pharmaceutical ad and the doctor and label, as well as between the attorney ad and label. In 

column 4, there are statistically significant differences between the risk beliefs after the pharmaceutical ad and the label and attorney ad, as well as 

between the attorney ad and label. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For serious side effects, participants place the most weight on risk beliefs elicited after the drug label (0.40), followed by

the attorney ad (0.28), the doctor (0.22), and the pharmaceutical ad (0.17). 13 The difference between the higher weight put 

on the label is statistically significant when compared with the attorney ad and pharmaceutical ad, but not with the doctor. 

Although the inclusion of the Benetrex and Group variables implies that these estimates no longer have the same direct 

Bayesian model interpretation of the results in Tables 3 and 4 , the coefficients do provide useful estimates of the relative

weights put on different information sources when controlling for additional factors. 

Experience within the experiment is a factor that plays a significant role in explaining final risk beliefs. For each addi-

tional Benetrex taken during the experiment, final risk beliefs about side effects are lowered by 1.7 cases out of 100 for side

effects and 0.5 cases for serious side effects. That the estimated effect should be negative is reasonable, as the proportion of

adverse experiences is included as an explanatory variable. For each experience of negative side effects from taking Benetrex, 

expressed as a proportion to the number of Benetrex taken, risk beliefs increase by 27.1 out of 100 for side effects, and there

is no statistically significant effect for serious side effects. The smaller effect for serious side effects is reasonable given that

the focus on the experimental outcomes was on less serious effects. These results are consistent with the Bayesian learning 

model—participants who take Benetrex regularly find it to be safe, given their favorable experiences, unless they experience 

side effects, in which case their risk beliefs increase. 

Experimental groups also play a role in explaining final risk beliefs, with those in the treatment groups that saw com-

mercials generally having lower risk beliefs than those in the control group. The group that saw both commercials has lower

risk beliefs than those who saw one of the commercials—a difference that is statistically significant for both side effects and

serious side effects. Those who saw only the pharmaceutical commercial have lower risk beliefs about serious side effects 

than those who saw only the attorney commercial, while there is no statistical difference between the risk beliefs about 

common side effects for these two groups. It is important to note that—for results presented in Table 7 —the group indicator

variables include both the effect of random assignment to groups and control for missing data because not all participants 

have stage 3 risk belief measurements, so that interpreting these coefficients is different than for variables that are proba- 

bilities of adverse outcomes. 

To explore the robustness of the results in Table 7 after excluding the experimental treatments involving missing data, 

Table 8 presents estimates of Eq. (12) for the subset of participants who saw both ads. This reduces potential bias, but also

reduces statistical power, as there are only 47 observations in the subsample. These participants were all in Group 4, elim-

inating the need for any group indicators. For prior risk beliefs, the pharmaceutical ad and attorney ad stages continue to

play a significant role in explaining posterior risk beliefs. Pharmaceutical ads appear to have the most weight, with coef- 

ficients of 0.54 for side effects and 0.60 for serious side effects. 14 The attorney ad risk beliefs have coefficients of 0.30 for
13 For risk beliefs about serious side effects presented in the fourth column of Table 7 , there is no statistically significant difference between weights put 

on the doctor and label stages (p-value of 0.22), doctor and pharma ad (0.60), doctor and attorney ad (0.30), and pharma and attorney ads (0.76). More 

weight is put on the label than the pharma ad (0.05) and the attorney ad (0.01). 
14 For risk beliefs about side effects in column 1 of Table 8 , there is no statistically significant difference between weights put on the doctor and label 

stages (p-value of 0.47), doctor and attorney ad (0.30), and pharma and attorney ads (0.24). More weight is put on the pharmaceutical ad stage than the 
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side effects and 0.24 for serious side effects. The doctor and label stages are no longer statistically significant, suggesting 

that the risk beliefs elicited after those information sources received a lower weight from participants than did the commer- 

cials that succeeded them. Subjects’ experience in the experiment exhibits the same general pattern as in Table 7 . Taking

additional Benetrex leads to a drop of 1 out of 100 in risk beliefs about side effects—though the coefficient is not measured

precisely—unless the participant experienced an adverse side effect, in which case risk beliefs increase by 31 out of 100 for

side effects. Each additional Benetrex is associated with a drop of 1 out of 100 in risk beliefs about serious side effects. 

5. Conclusion 

Randomly assigned groups of the participants had different risk beliefs, indicating that advertising plays a meaningful 

role in a Bayesian learning process. Those risk beliefs were significant in predicting behavior for taking a fictitious phar- 

maceutical drug. Beyond the changes in risk beliefs, exposure to advertising did not change behavior in taking the drug. 

This result indicates that ads influence drug-taking behavior through the main avenue that we expect—changes in the fram- 

ing of information influence our subjective risk beliefs, and that affects our behavior by changing how we weigh a risky

decision. Context matters, so it is important to emphasize the caveat that these results stem from a hypothetical—though 

incentivized—scenario presented to mostly college-aged participants. It is possible that there might be a different behavioral 

response with other populations or with other changes in context, such as drugs that are perceived as more discretionary—

perhaps a drug to treat skin acne—compared to painkillers that people may think of as necessary and thus have a low

elasticity of drug-taking behavior with respect to beliefs about side effects. 

Based on our results, we conclude that attorney ads about pharmaceutical drugs have a potentially powerful effect on 

risk beliefs. The particular ad examined here boosted the perceived probability of adverse effects by 16 out of 100, which

is an increase of around 50% from baseline risk beliefs. Exempting litigation advertising from formal regulatory oversight 

by the FDA permits largely unregulated attorney advertising to alter consumers’ informational environment. However, the 

magnitude of the implied risk levels in these ads may not necessarily translate to large changes in objective behavior such

as choosing whether to take a risky prescription drug. Other sources of information, including that provided by medical 

professionals and pharmaceutical DTCA also enter into the formation of risk beliefs and may mitigate alarmist reactions in 

this context. 

This article also provides an analytic framework for analyzing the implied risk and informational content of the informa- 

tion in prescription drug and attorney advertising. People update their risk beliefs in a way that is generally consistent with

a Bayesian learning process that makes it possible to model and predict how different sources of information will influ- 

ence risk beliefs and subsequent changes in behavior. Personal experience taking the drug also feeds back into the learning 

process as an important information source to inform risk beliefs, though statistical analysis of that feedback is compli- 

cated by endogeneity concerns. What is clear from these results is that the impact of litigation advertising extends beyond 

litigation-related matters and also includes shifting consumer risk beliefs and—to some extent—drug-taking behavior. 
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