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Dangerous Double Dosing: How Naive Beliefs
Can Contribute to Unintentional Overdose with

Over-the-Counter Drugs

Jesse R. Catlin, Cornelia (Connie) Pechmann, and

Eric P. Brass

In a series of studies, consumers reviewed over-the-counter (OTC) drug packages and evaluated these
drugs for concurrent use. The authors investigate whether the consumers utilized the active ingredients
listed on the package and recognized the risks of double dosing when using two drugs with the same
active ingredient. Both novice and expert consumers used the active ingredients to assess drug
similarity, indicating that the information was accessible. However, only medically trained experts used
this information to assess the risks of taking two drugs concurrently, indicating that they understood
its diagnosticity or relevancy. Novices’ failure to view double dosing as risky suggests that they might
hold a naive belief that OTC drugs are relatively risk free; thus, the authors test interventions to
increase active ingredient diagnosticity versus accessibility. One intervention considered by OTC drug
manufacturers makes active ingredients more accessible on packages using icons. However, the
authors found this approach alone to be ineffective, whereas interventions enhancing the diagnosticity
of ingredients through public service messages or package warnings yielded promising results. Thus,
interventions may benefit by going beyond accessibility to also highlight active ingredient diagnosticity.

Keywords: over-the-counter drugs, accessibility-diagnosticity model, consumer expertise, naive beliefs,

drug labels
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active ingredients, such as acetaminophen, are an area
of increasing concern (www.knowyourdose.org). For
example, a study of 3,618 acetaminophen users showed that

00nsumer overdoses on over-the-counter (OTC) drug
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4.5% of them exceeded the recommended total daily dose
(4,000 mg) on at least one of seven observation days (Kauf-
man et al. 2012). One way that consumers may inadver-
tently overdose is by taking two or more OTC drugs at the
same time that contain the same active ingredient; that is,
they may double dose on it. Research has suggested that
31% of U.S. consumers have taken an OTC drug in the past
12 months (Keckley and Coughlin 2012) and that taking
two or more OTC drugs at the same time is quite common
(Slone Epidemiology Center 2006). In a simulated drug-use
scenario study, more than 45% of participants indicated that
they would take two products with acetaminophen simulta-
neously (Wolf et al. 2012). Insights into consumer decision
making may provide information relevant to the root cause
of overdoses with OTC drugs and suggest approaches to
mitigate this problem.

In the current research, we use the accessibility-diagnosticity
model as a conceptual framework (Feldman and Lynch
1988; Lynch, Marmorstein, and Weigold 1988) to examine
how consumers evaluate OTC drug labels and determine
how they use the information on the packaging about the
drugs’ active ingredients. Specifically, we showed partici-
pants OTC drug packages that listed the active ingredients
on the Principal Display Panel and in the Drug Facts Label
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(Labeling Requirements for Over-the-Counter Drugs
2014a, b). We then asked them to rate pairs of OTC drugs
on overall similarity and on the risk of taking the two drugs
together. We recruited both novice consumers and expert
consumers with medical training as our participants. We
found that active ingredients consistently affected judg-
ments of the similarity between two OTC drugs, indicating
that the active ingredient information was accessible or
salient to both novices and experts. However, experts, but
not novices, considered active ingredients when judging the
risk of taking two OTC drugs at the same time. Therefore, it
seems that only the experts understood the diagnosticity or
relevance of the active ingredient information for avoiding
health risks caused by active ingredient double dosing.

In addition, our research compares the efficacy of two
fundamentally different types of interventions to discourage
consumers from double dosing on OTC drugs’ active ingre-
dients: interventions that focus on active ingredient infor-
mation accessibility versus diagnosticity. One intervention
considered by OTC drug industry members aims to increase
the accessibility of active ingredient information by using
package icons to draw attention to them (Kuffner 2010). In
our research, we did not find that this method improved
consumer risk assessments on its own. Another possible
intervention is to increase active ingredient information
diagnosticity through public service messages or warnings
on drug package labeling that explicitly state that taking
two OTC drugs together with the same active ingredient is
risky (King et al. 2011). In our research, we found that this
method helped consumers assess drug risks more appropri-
ately. Thus, OTC drug makers and regulatory authorities
may want to consider messages that stress active ingredient
diagnosticity and not just accessibility.

Background, Theory, and Hypotheses

OTC Drugs

The growth in the size and sophistication of the OTC drug
market mirrors the general rise in consumers’ responsibility
for their own health care (Scammon et al. 2011). More than
108 drug ingredients or dosages have been switched from
prescription to OTC status in the United States since 1975
(Consumer Healthcare Products Association 2013a), and
consumers spent more than $29 billion on OTC drugs in
2012 (Consumer Healthcare Products Association 2013b).
However, despite these drugs’ widespread availability and
use, studies on OTC drugs in the marketing literature are
sparse (cf. DeLorme et al. 2010; Ellen, Bone, and Stuart
1998; Hoy 1994; Morris et al. 1998). Furthermore, most
studies have examined consumers’ consideration of individ-
ual drug labels (Brass 2004; Catlin, Pechmann, and Brass
2012; Goyal et al. 2012; Raymond, Dalebout, and Camp
2002; Sansgiry and Cady 1995; Sansgiry, Cady, and Adam-
cik 1997) rather than their evaluation of labels for two
drugs considered for concurrent use. Our research aims to
address these knowledge gaps.

The widespread availability of OTC products and the
ability to purchase them without a doctor’s prescription
may imply to consumers that these products are harmless
even if used inappropriately or in excess (Bower, Grau, and
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Taylor 2013; Kaufman et al. 2012). However, this belief is
erroneous. One of the most widely used and marketed OTC
active ingredients is acetaminophen, and it exemplifies how
exceeding dosage recommendations can have severe health
consequences. In the United States, acetaminophen over-
dose is one of the most common causes of acute liver fail-
ure (Larrey and Pageaux 2005; Ostapowicz et al. 2002) and
leads to over 100,000 calls to poison control centers and
more than 56,000 emergency room visits per year (Lee
2007). Although some of these cases are due to self-harm,
more than half are unintentional (Bower et al. 2007; Larson
et al. 2005; Ostapowicz et al. 2002).

One means by which consumers may overdose is by tak-
ing two medications at the same time that contain the same
active ingredient (i.e., double dosing), and research has sug-
gested that this kind of mistake is common (Wolf et al.
2012). For example, if a consumer with cold symptoms
takes a multisymptom cold medication with acetaminophen
and decides to take a separate pain relief medication with
acetaminophen, (s)he will likely ingest at least 1,300 mg of
acetaminophen. If these dosages are repeated every four to
six hours as directed, the consumer will ingest at least 5,200
mg of acetaminophen in a day, well exceeding the recom-
mended limit of 4,000 mg per day (Epocrates 2014). More-
over, many OTC drugs contain the same active ingredients
but are marketed for different symptoms and/or under dif-
ferent brand names. Thus, the only way to avoid double
dosing is to compare the active ingredients (i.e., active
ingredient is a diagnostic attribute; Feldman and Lynch
1988). In this context, the drug brand name and symptom
indicated are less diagnostic (i.e., less indicative of risk and
more subject to strategic manipulation by marketers).

Given the ease with which inappropriate dosing decisions
can occur and the possibility of serious consequences, OTC
drug makers and regulators are considering several con-
sumer interventions. Some focus on active ingredient infor-
mation accessibility or salience (e.g., including active
ingredients icons on the package [Kuffner 2010], listing
ingredients on bottle caps [CNN 2013]). A different type of
intervention focuses on active ingredient information diag-
nosticity or relevance (e.g., using public service messages
or warnings on the product packaging to clearly tell con-
sumers not to take two OTC drugs with the same active
ingredient; King et al. 2011). We use the accessibility-
diagnosticity model and focus on consumer naive beliefs to
examine consumer OTC drug decision making and the effi-
cacy of these two intervention approaches.

Accessibility-Diagnosticity Model

The accessibility-diagnosticity model (Feldman and Lynch
1988; Lynch, Marmorstein, and Weigold 1988) provides a
simple, yet powerful conceptual framework for understand-
ing consumers’ use of OTC drug information and for
designing interventions to nudge consumers toward using
this information more effectively. Utilized widely by
researchers in marketing and other fields (Ahluwalia and
Giirhan-Canli 2000; Herr, Kardes, and Kim 1991; Menon,
Raghubir, and Schwarz 1995), this model states that the
probability that information will be used in judgments is
dependent on the degree to which the information is both
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accessible and perceived as diagnostic. Extending this
model to OTC drugs, we address the following research
questions. First, do novice and/or expert consumers attend
to OTC active ingredient information on the product pack-
aging (i.e., is this information accessible to them)? Further-
more, do novice and/or expert consumers understand the
diagnosticity or relevance of the OTC active ingredient
information in terms of helping them determine whether
they can safely take two OTC drugs concurrently? Do
novices instead hold a naive belief that OTC drugs are rela-
tively risk free, leading to the incorrect perception that
active ingredients are nondiagnostic for assessing health
risk? Finally, can interventions benefit novice and/or expert
consumers by enhancing OTC active ingredient accessibil-
ity and/or diagnosticity, and if so, what types of interven-
tions are optimal?

Prior research has indicated that novice consumers (i.e.,
those without medical training), are prone to ignore or dis-
count active ingredient information about OTC drugs. In a
study by the National Council on Patient Information and
Education (2002), just 34% of respondents reported that
they looked at active ingredients when making OTC drug
purchase decisions, and only 20% reported that they looked
at active ingredients the first time they took an OTC drug.
The results of an eye-tracking study by Bix et al. (2009)
suggest that more than 20% of the participants did not even
look at the Drug Facts Label that listed the active ingredi-
ents on the packaging that they were given to review. In
addition, 67% could not recall any of the active ingredients;
instead, they were most likely to recall attributes such as the
brand names and symptoms indicated.

In line with these results, many of the interventions under
consideration are attempts to make active ingredients more
accessible or salient on OTC drug packaging. However,
drawing on the accessibility-diagnosticity model (Feldman
and Lynch 1988; Lynch, Marmorstein, and Weigold 1988),
consumers’ perceptions of the diagnosticity of the active
ingredients should also be considered. Consumers must
understand that active ingredients are diagnostic, consider
the active ingredients in their risk judgments, and avoid
overdosing on any active ingredient. However, novice con-
sumers may possess a naive or erroneous belief that OTC
drugs are relatively risk free, so they may perceive OTC
active ingredients as nondiagnostic for assessing health
risks. If so, it may be necessary to educate them that OTC
active ingredient information is diagnostic for assessing the
health risk of taking two OTC drugs concurrently.

Consumers’ Naive Beliefs

Research has suggested that consumers often hold naive
beliefs or lay theories about products (Deval et al. 2013;
Hughner and Kleine 2008; Wang, Keh, and Bolton 2010).
Naive beliefs are “informal, common-sense explanations
people use in their everyday lives to make sense of their
environment and often diverge from formal, scientific
accounts” (Furnham 1988, cited in Deval et al. 2013, p.
1185). Some common naive product beliefs are that healthy
foods do not taste good (Raghunathan, Naylor, and Hoyer
2006) and that sustainable products are not strong enough
to be effective (Luchs et al. 2010).

In the health domain, Wang, Keh, and Bolton (2010) find
that when consumers feel certain about their diagnosis, they
tend to be influenced by the naive belief (or “lay theory™)
that Western medicine treats specific ailments with preci-
sion, so they prefer Western medicine. In contrast, when
consumers feel uncertain about their diagnosis, they tend to
be influenced by their naive belief that Eastern medicine
provides a more holistic focus on the body, so they prefer
Eastern medicine. Despite the demonstrated usefulness of
studying consumers’ naive beliefs in health domains, con-
sumers’ naive beliefs about OTC drugs have not been sys-
tematically studied. Over-the-counter drugs are widely
available without consulting a medical professional, are
ubiquitously advertised and used, and can usually be pur-
chased in large quantities. This may suggest to consumers
that OTC drugs are relatively harmless. Indeed, a recent
study has found that many consumers hold the belief that
they could choose their own OTC dose irrespective of the
label directions, and this belief was associated with an
increased likelihood to exceed recommended dosages of
acetaminophen (Kaufman et al. 2012). In addition, Bower,
Grau, and Taylor (2013) find that college students judged
the consequences of noncompliance with drug dosing and
other instructions to be less serious for OTC drugs than pre-
scription drugs and expressed a lower intention to comply
with OTC drug instructions. These findings suggest that
many consumers may believe that OTC drugs are relatively
risk free even if they take more than the recommended
dose. This naive belief would mean that the OTC active
ingredients would not be perceived as diagnostic when
judging health risk.

Current Methods and Hypotheses

We examine the accessibility and diagnosticity of OTC
active ingredient information by comparing the open-ended
responses of experts (with medical training) and novice
consumers (without medical training) to prompts about
OTC drugs. In effect, we use expert versus novice compari-
sons to examine whether novice consumers lack the acces-
sible information about OTC drugs’ active ingredients that
experts possess. In addition, we investigate whether novice
consumers lack the understanding that OTC active ingredi-
ents are diagnostic for assessing health risks that experts
possess and, instead, hold a naive belief that OTC drugs are
relatively risk free.

Drawing on studies suggesting that OTC drugs’ active
ingredients are often not recalled (Bix et al. 2009) or con-
sidered in purchase decisions (National Council on Patient
Information and Education 2002), we posit that when
novices are asked their thoughts about OTC drugs, they will
report few thoughts about active ingredients, indicating low
information accessibility. We also posit that expert con-
sumers with medical training will report more thoughts
about active ingredients owing to their greater awareness of
active ingredients.

H;: Novices report fewer thoughts about OTC drugs’ active
ingredients relative to experts.

Furthermore, we expect that owing to OTC drugs’ ubig-
uitous availability, extensive use, and widespread advertis-



ing, novice consumers will hold the naive belief that OTC
drugs are relatively risk free and view OTC active ingredi-
ents as nondiagnostic for assessing health risk. Specifically,
we expect novice consumers, but not expert consumers, to
report thoughts about OTC drugs’ safety and risks that are
consistent with this naive belief.

H,: Novices report more thoughts suggesting that OTC drugs
are safe and fewer thoughts suggesting that OTC drugs are
risky, relative to experts.

We also employ other measures to examine whether the
OTC drugs’ active ingredients are salient or accessible on
the packaging and diagnostic with respect to health risks,
because a failure to perceive this diagnosticity would sug-
gest a naive belief. We showed both novice and expert con-
sumers pairs of OTC drugs that included the front of the
package (Principal Display Panel) and the back of the pack-
age (Drug Facts Label), both of which listed the active
ingredients as required by the Food and Drug Administra-
tion (Labeling Requirements for Over-the-Counter Drugs
2014a, b). Then, we measured judgments of similarity and
the risk of taking both drugs concurrently.

In line with the categorization literature about how similar-
ity judgments are made, we expect consumers to judge the
similarity of two OTC drugs on the basis of whether their
salient features are the same versus different (Goldstone
1994). In other words, we expect them to look for features
that match or are mismatched and conclude that more
matches suggest greater similarity and vice versa (Gierl and
Huettl 2011; Tversky 1977). Furthermore, we expect a com-
parable pattern of results for OTC active ingredient accessi-
bility and diagnosticity using this similarity-based method as
we did using the free recall method discussed previously. We
posit that novices, relative to experts, will be less sensitive to
matches or mismatches in two OTC drugs’ active ingredients
when judging the drugs’ similarity because the active ingredi-
ent information will be less accessible to them. In addition,
we anticipate that novices, relative to experts, will be less
sensitive to matches or mismatches in two OTC drugs’ active
ingredients when judging the health risk of taking the drugs
concurrently because they will perceive the active ingredient
information as less diagnostic for assessing health risk,
owing to the naive belief that OTC drugs are relatively risk
free. Our formal hypotheses are as follows:

H;: Novices are less influenced by whether the active ingredi-
ent in two OTC drugs is the same (vs. different) when judg-
ing the drugs’ similarity, relative to experts.

Hy: Novices are less influenced by whether the active ingredi-
ent in two OTC drugs is the same (vs. different) when judg-
ing the risk of taking both drugs concurrently, relative to
experts.

Building on these hypotheses, we also aim to assess
potential interventions to assist consumers. We rely on the
accessibility-diagnosticity model (Feldman and Lynch
1988; Lynch, Marmorstein, and Weigold 1988), which
posits that information accessibility is necessary but insuffi-
cient to ensure that information is used in judgments. Infor-
mation must also be perceived as diagnostic to be used in
judgments. Thus, we anticipate that interventions that
merely make OTC drugs’ active ingredients more accessi-
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ble or noticeable by drawing attention to them (e.g., by
using package icons) will fail on their own to improve con-
sumers’ judgments of the risk of taking two drugs concur-
rently with the same active ingredient.

Rather, we predict that interventions will improve con-
sumers’ risk judgments only if they educate consumers that
active ingredient information is diagnostic because taking
two OTC drugs with the same active ingredient concurrently
poses a health risk. Doing so would help weaken or dispel the
naive belief that OTC drugs are relatively risk free. Further-
more, we reason that, in the general population, consumers
across a range of expertise levels would likely benefit from
interventions that enhance the diagnosticity or relevance of
OTC active ingredient information. Medically trained experts
such as physicians or nurses would likely not benefit, owing
to a ceiling effect, but they would not be the target of such
interventions. In our intervention studies, we focus on the
general target population and hypothesize the following:

Hs: An intervention that merely draws attention to OTC drugs’
active ingredients (vs. control) does not affect consumers’
judgment of the risk of taking two OTC drugs together with
the same active ingredient.

Hg: An intervention that states that it is risky to take two OTC
drugs together with the same active ingredient (vs. control)
increases consumers’ judgment of this risk.

We test these hypotheses across five studies. In the first
two studies, we compare the responses of medically trained
experts with those of novices without medical training to
explore OTC active ingredient information accessibility and
diagnosticity for assessing health risks. We reason that if
people consider the ingredients nondiagnostic of health
risks, this would suggest a naive belief that OTC drugs are
relatively risk free. Next, we conduct three more studies to
evaluate intervention strategies that either merely enhance
OTC active ingredient accessibility or enhance diagnostic-
ity and weaken naive beliefs by helping consumers recog-
nize the risk of concurrently taking two OTC drugs that
contain the same active ingredient.

Study 1: Open-Ended Thoughts

Aim and Participants

In Study 1, we use an open-ended thought-listing task to
examine whether novices and experts differ in their accessi-
ble thoughts about OTC drugs’ active ingredients or in their
diagnostic thoughts about the drugs being safe versus risky.
We recruited 24 nursing students as experts (Mg, = 22.7
years; 87.5% female) and 114 students enrolled in under-
graduate business courses as novices (Mg, = 22.8; 42.1%
female). Both samples were from a large U.S. West Coast
university. As an incentive for participating, the experts
were entered into a lottery for a retail gift card and the
novices received partial course credit.

Design, Stimuli, Procedure, and Measures

We used a one-factor between-subjects design with two lev-
els: experts versus novices. The study was conducted online
using Qualtrics. First, participants completed an open-
ended thought-listing task in which they responded to one
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randomly presented prompt for a common OTC product or
brand (OTC medicines, OTC cold medicines, OTC pain
relievers, or Advil Pain Reliever). Participants were asked
to list the thoughts that came to mind in response to the
prompt and to list one thought per line.

Afterward, participants completed a multiple-choice
measure of objective OTC drug knowledge. They were
asked to identify the main active ingredient for 13 common
OTC drug brands (e.g., Aleve, Motrin) and for 7 common
symptoms treated by OTC drugs (e.g., pain reliever, decon-
gestant) (o = .76). Next, participants completed a subjective
measure of their OTC drug knowledge adapted from Cow-
ley and Mitchell (2003): “How much do you know about
Over-the-Counter medications?” (1 = “very little,” and 7 =
“a great deal”) and “I know more than most about Over-the-
Counter medications” (1 = “strongly disagree,” and 7 =
“strongly agree”) (o = .75). Finally, participants reported
their demographic information.

Analyses and Results

Analyses

We analyzed the data by comparing the responses of experts
and novices using chi-square tests for their coded responses
on the thought-listing task and t-tests for the objective and
subjective knowledge measures. Because our Institutional
Research Board mandated that participants be allowed to
skip questions, there were a small number of missing
responses, which caused the degrees of freedom to vary
slightly across measures.

Expertise Check

As we expected, experts answered the objective knowledge
questions more accurately than novices (Mexpere = 39.8% vs.
M, ovice = 20.7%; 1(136) = 6.26, p < .001). Similarly, experts
reported higher levels of subjective knowledge than novices
(Mexpert = 3.71 vs. Mpgyice = 3.00; t(136) = 2.48, p = .014).

Responses to the Drug Prompts

Participants listed a total of 960 thoughts in response to the
open-ended prompts about OTC drugs, or an average of
approximately 7 thoughts per participant. Experts and
novices listed roughly similar numbers of thoughts (Mexper =
8.04 vs. M, pvice = 6.73; t(136) = 1.18, p = .24). Two inde-

pendent judges who were blind to the research hypotheses
coded each thought to indicate whether it mentioned (1) an
active ingredient, (2) a brand name, (3) a symptom indi-
cated, (4) a belief that OTC drugs are safe, (5) a belief that
OTC drugs can sometimes be risky, or (6) miscellaneous
(see Table 1). There was an acceptable level of agreement
among the coders (Kappa = .82, p < .001) (Landis and Koch
1977), and coding discrepancies were resolved through dis-
cussion. We then generated a dichotomous variable for each
thought type in which 1 indicated that a participant men-
tioned it and O indicated that (s)he did not.

We found that 50.0% of experts mentioned active ingre-
dients, compared with 16.7% of novices (x2(1) = 12.65,p <
001). In addition, 50.0% of experts mentioned that OTC
drugs can sometimes be risky, compared with 24.6% of
novices (x2(1) = 6.23, p = .01). But experts and novices did
not differ in stating the belief that OTC drugs are safe, and
mentions of this belief were infrequent in both groups
(experts = 4.2% vs. novices = 7.9%; x2(1) = 41, p = 52).
We found no other expert versus novice differences in terms
of reported thoughts (ps > .22; see Table 1).

Discussion

Using an open-ended thought-listing task, Study 1 showed
that the active ingredients of OTC drugs were less accessi-
ble in the minds of novices as compared with experts, con-
sistent with H;. In partial support of H,, novices (vs.
experts) were less likely to report diagnostic thoughts about
OTC drugs being risky, suggesting that they might have
held the naive belief that OTC drugs were relatively risk
free. However, novices (vs. experts) were not more likely to
state affirmatively that OTC drugs were safe; very few par-
ticipants in either group did so explicitly. These findings
provided some preliminary evidence that among novices,
compared with experts, OTC active ingredient information
is less accessible and lower in diagnosticity, with lower
diagnosticity indicating a possible naive belief.

Study 2: Similarity and Risk Judgments

Aim and Participants

In Study 2, both novice and expert consumers rated the
similarity of pairs of OTC drugs and indicated the risk of

Table 1. Expert Versus Novice Differences in Response to OTC Drug Prompts in Study 1

Thought Type Novice Expert p-Value Examples of Thoughts
Active ingredient 16.7% 50.0% p < 001 Ibuprofen, acetaminophen
Brand name 44.7% 58.3% p=.23 Advil, Aleve
Symptom indicated 54 4% 66.7% p=27 Cold, pain relief
Belief that OTC drugs are safe 7.9% 42% p=.52 Safe, no dependence
Belief that OTC drugs can sometimes be risky 24.6% 50.0% p=.013 Dangerous, overdose
Miscellaneous 75.4% 79.2% p=.0 No prescription, affordable

Notes: Percentages represent the proportion of respondents listing each type of thought in response to an OTC drug—related prompt. p-values are from chi-

square tests.




taking both drugs together when the drugs had the same
active ingredient, brand name, or symptom indicated. We
used similarity judgments to examine whether active ingre-
dient information was accessible. We used risk judgments
to assess the diagnosticity of active ingredient information
for assessing the risk of taking two drugs concurrently, with
low diagnosticity suggesting a naive belief that OTC drugs
are relatively risk free.

We also examined how novice and expert consumers
responded to other attribute information on the drug pack-
aging: the brand name (e.g., Aleve, Motrin) and the symp-
toms indicated to describe the drug’s purpose (e.g., pain
reliever, cough suppressant). We compared how they used
these attributes relative to active ingredients when judging
the similarity of two drugs and the risk of taking both drugs
together. We recruited 11 nursing students and 15 medical
students as experts (total n = 26; M., = 24.6 years; 76.9%
female) and 77 students enrolled in undergraduate psychol-
ogy courses as novices (Mg, = 20.3 years; 77.9% female).
Both samples were from large U.S. West Coast universities.
Participants were compensated as in the previous study.

Design and Stimuli

This online Qualtrics study used a 2 (expert vs. novice) x 2
(active ingredient same vs. different) x 2 (brand name same
vs. different) x 2 (symptom indicated same vs. different)
mixed design in which expertise was a between-subjects
factor and active ingredient, brand name, and symptom-
indicated sameness were within-subject factors. The stimuli
were images of OTC drugs in their retail packaging, except
each package was simplified to list a single active ingredi-
ent to reflect the study design. Specifically, each participant
was shown eight pairs of OTC drugs (2 active ingredient x
2 brand name x 2 symptom-indicated sameness; Web
Appendix A), with each pair presented on a separate page
and in random order. Both the front package panel (Princi-
pal Display Panel) and the back package panel (Drug Facts
Label) were shown (Web Appendix B).

Procedure and Measures

For each OTC drug pair, participants were asked to imagine
that a person experiencing discomfort had taken both drugs
at the same time and then to rate the riskiness of this deci-
sion (i.e., the concurrent use risk) with these two questions:
(1) “How safe would it be for this person to take both of
these medications at the same time?” (1 = “not at all safe,”
and 7 = “very safe”; reverse coded) and (2) “How likely is
it that the decision to take these two medications at the
same time could cause this person harm?” (1 = “not at all
likely,” and 7 = “very likely”) (average o = .81).
Participants also rated the similarity of each OTC drug
pair using three seven-point semantic differential scales
with endpoints (“not at all similar/very similar,” “not at all
related/very related,” and “not at all alike/very alike”;
adapted from Mervis and Crisafi 1982; Muthukrishnan and
Weitz 1991; average a = .95). Participants could refer to
the drug packages while completing these measures. Next,
participants completed a subset of the objective knowledge
measures used in Study 1 (with seven brand and seven
drug function items; o = .87) and the same subjective
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knowledge measure (o = .88). Finally, they reported their
demographics.

Analyses and Results

Analyses

We analyzed the data using mixed-model analyses of vari-
ance (ANOVAs) with a between-subjects factor represent-
ing expertise (expert vs. novice) and within-subject factors
representing active ingredient sameness, brand name same-
ness, and symptom-indicated sameness (same vs. different).
The models included all main effects and the interactions
for expertise x active ingredient sameness, expertise X
brand name sameness, and expertise x symptom-indicated
sameness. Degrees of freedom differed slightly owing to
some missing responses.

Expertise Check

Experts answered the objective knowledge questions more
accurately than novices (Mexpert = 69.2% Vs, Mygyice =
32.1%; t(101) = 7.18, p < .001) and reported higher levels
of subjective knowledge than novices (Meypert = 4.44 vs.
M, ovice = 347; t(101) = 3.00, p < 01).

Similarity Judgments

When the drug pair had the same (vs. different) active
ingredient, similarity judgments increased (Mame ingredient =
6.11 vs. Mt ingredient = 3-73; F(1,715) = 381.57, p < .001).
Likewise, the same brand name increased similarity judg-
ments (Msame brand = 5.22 vs. Mdiff. brand — 462, F(l 5 715) =
24.08, p < .001), as did the same symptom indicated
(Mgame symptom = 3-58 Vs. Muifr symptom = 4.26; F(1, 715) =
118.57, p < .001). Furthermore, experts were marginally
more likely to judge drug pair similarity as being higher
than novices (Meypert = 5.07 vs. Myqyice = 4.77; F(1, 101) =
3.65,p = .059).

In addition, there was an expertise x active ingredient
sameness interaction for similarity judgments (F(1, 715) =
44.50, p < .001). When the drug pair had the same (vs. dif-
ferent) active ingredient, similarity judgments among
novices increased (Mygyice same ingredient 5.56 vs.
Mnovice_diffA ingredient = 3.99; 1(715) = 12.83, p < 001), but
even more so among experts (Mexpert_same ingredient = 660
V8. Mexpert_diff. ingredient = 3-47; t(715) = 15.19, p < .001; Fig-
ure 1, Panel A). There was also an expertise x brand name
sameness interaction for similarity judgments (F(1, 715) =
5.05, p = .025). When the drug pair had the same (vs. differ-
ent) brand name, similarity judgments among novices
increased (Mpoyice_same brand = 321 VS. Miovice_diff. brand =
4.34; t(715) = 7.14, p < 001 ) but expert similarity judg-
ments did n0t (Mexpert_same brand = 3-23 V8. Mexpert_diff. brand =
491; t(715) = 1.54, p = .12). There was no expertise X
symptom-indicated-sameness interaction for similarity
judgments (F(1,715) =2.54, p = .11).

Concurrent Use Risk Judgments

When the drug pair had the same brand name, this did not
affect concurrent use risk judgments Mg me brand = 4-46 Vs.
Muifr. brand = 4465 F(1,714) = .00, p = .96). When the drug
pair had the same symptom indicated, this did not affect
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Figure 1. Effects of the Same (vs. Different) Active Ingredients
Among Novices and Experts in Study 2
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concurrent use risk judgments (Mgme symptom = 4.54 Vs.
Maitt. symptom = 4-38; F(1, 714) = 1.99, p = .16). However,
when the drug pair had the same (vs. different) active
ingredient, this increased concurrent use risk judgments

(Msame ingredient = 491 vs. MdiffA ingredient = 4.01; F(1,714) =
59.86, p < .001). The main effect for expertise on risk judg-
ments was not significant (Meypery = 446 V8. Mygyice = 4.46;
F(1,101) = .00, p = .99).

In addition, there was an expertise x active ingredient
sameness interaction for concurrent use risk judgments (F(1,
714) = 68.66, p < .001). When the drug pair had the same (vs.
different) active ingredient, this did not affect concurrent use
risk judgments among novices (Myqyice_same ingredient = 443
V8. Mnovicefdiff. ingredient = 4.49; «(714) = 55, p = .59) but
increased concurrent use risk judgments among experts
(Mexpert_same ingredient = 5.39 vs. Mexpert_diff. ingredient = 3.53;
t(714) = 9.26, p < .001; Figure 1, Panel B). Furthermore,
there was an expertise x symptom-indicated sameness inter-
action for risk judgments (F(1,714) =10.67, p = .001). When
the drug pair had the same (vs. a different) symptom indi-
cated, risk judgments among novices marginally decreased
(Mnovicefsame symptom — 4.35 vs. Mnovicefdiff, symptom — 4.57,
t(714) = 1.84, p = .065) but those among experts increased
(Mexpert_same symptom = 4.73 vs. Mexpert_diff. symptom — 4.19;
t(714) = 2.70, p < .01). There was no expertise x brand
name sameness interaction for risk judgments (F(1, 714) =
85, p = .36).

Discussion

Study 2 found that novices’ similarity judgments were less
influenced by active ingredients than experts, consistent
with Hs. This indicates that active ingredients may have
been less accessible or noticeable among novices than
among experts. In addition, consistent with Hy,, novices’
risk judgments were uninfluenced by active ingredient
information, whereas experts’ judgments were influenced.
In other words, novices failed to use active ingredients as a
diagnostic or relevant attribute when assessing the risk of
taking two OTC drugs together; only experts did this.
Novices seemed to hold the naive belief that OTC drugs are
relatively risk free because they viewed double doses of the
same active ingredient as approximately the same in terms
of health risk as single doses of two different ingredients. In
the next three studies, we evaluate different interventions
that focus on increasing only OTC active ingredient acces-
sibility compared with those that also emphasize diagnos-
ticity among consumers of varying expertise levels in the
general population.

Study 3: Package Icon

Aim and Participants

In Study 3, we examine the efficacy of an intervention that
is currently being considered to make active ingredients
more accessible or salient on the product packaging
(Kuffner 2010). This intervention would use simple icons
and text to flag the active ingredients on the Drug Facts
Label on the back of the packaging. In our studies, one
possible explanation for novices’ (vs. experts’) relatively
weaker use of active ingredient information in judging
drug similarity and nonuse of active ingredient informa-
tion in judging drug risk could be that the active ingredi-
ents were not sufficiently accessible. If so, then an inter-



vention that makes active ingredients more noticeable
could help.

During data collection for Study 2, data were concur-
rently collected for Study 3 from a second group of under-
graduate novices from the same subject pool (n = 78;
Mg = 204 years; 70.5% female) who saw drug package
labels with icons that made the active ingredients more
salient. We compared these novices who saw the icons with
the novices in Study 2 (n = 77; My, = 20.3 years; 77.9%
female), who were randomly assigned not to see the icons.

Design, Stimuli, Procedure, and Measures

This study used a 2 (active ingredient icon present vs.
absent) x 2 (active ingredient same vs. different) x 2 (brand
name same vs. different) x 2 (symptom indicated same vs.
different) mixed design and included only novices. The
active ingredient icon was a between-subjects factor. Active
ingredient, brand name, and symptom-indicated sameness
were within-subject factors. Similar to Kuffner (2010), the
active ingredient icon featured (1) a red two-letter abbrevia-
tion (e.g., Ib for Ibuprofen) in a black hexagon and (2)
white capitalized text in a rectangular red banner stating the
active ingredient (e.g., “CONTAINS IBUPROFEN”; Figure
2). The icon appeared in the Drug Facts Label on the back
of the packaging in the active ingredient section. The rest of
the packaging and the other procedures and measures mir-
rored Study 2.
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Analyses and Results

Analyses

We analyzed the data using mixed-model ANOVAs with a
between-subjects factor representing the active ingredient
icon (present vs. absent) and within-subject factors repre-
senting active ingredient, brand name, and symptom-
indicated sameness (same vs. different). The models
included all main effects and the active ingredient icon x
active ingredient sameness interaction. A pooled analysis
with Study 2 and Study 3 data and the icon variable speci-
fied as a nested factor within the novice group yielded com-
parable results; therefore, for parsimony we only report the
unpooled analysis for novices. Degrees of freedom differ
slightly owing to some missing responses.

Similarity Judgments

When the drug pair had the same (vs. different) active ingredi-
ent, novices’ similarity judgments increased (Mgyme ingredient =
5.55 vs. Mdiff. ingredient = 4]7, F(l, 1,075) = 26548, p <
001). Novices’ similarity judgments also increased when
the drugs had the same brand name (Mg, e brand = .28 Vs.
Myifr. prand = 444; F(1, 1,075) = 98.19, p < .001) or the same
symptom indicated (Mgzme symptom = 5-56 VS. Myt symptom =
4.16; F(1, 1,077) = 270.20, p < .001).

The active ingredient icon main effect was nonsignificant
Micon =495 vs. My icon =4.77; F(1,153) =234, p = .13;),
but there was an active ingredient icon x active ingredient

Figure 2. Example of an OTC Drug Package with an Active Ingredient Icon Used in Study 3
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sameness interaction (F(1, 1,075) = 4.51, p = .034). When
the drug pair contained the same (vs. a different) active
ingredient, novices’ judgments of similarity were greater
regardless of icon condition, but this effect was actually
weaker in the condition with the active ingredient icon
(Micon_same ingredient = 5.55 vs. Micon_diff. ingredient = 4.35;
t(1,076) = 10.03, p < .001) relative to the condition with no
icon (M, icon_same ingredient = 9-36 V8. My icon_diff. ingredient =
3.99; t(1,075) = 13.04, p < .001). That is, when the active
ingredient icons were included on the packaging, active
ingredient sameness (vs. difference) actually had less
impact on drug similarity judgments.

Concurrent Use Risk Judgments

When the drugs had the same (vs. different) active ingredient,
novices’ judgments of concurrent use risk actually decreased
marginally (Mgyme ingredient = 442 vs. My ingredient = 4.56;
F(1, 1,071) = 2.74, p = .098;). When the drug pair had the
same (vs. a different) symptom indicated, novices’ judgments
of concurrent use risk also decreased (Mgame symptom = 440
vs. Migt. symptom = 4.57; F(1, 1,073) = 4.31, p = 038). The
main effects for brand name sameness (Mgame brand = 442
VS. Mdiff. brand = 455, F(l, 1,071) = 256, p = 11) and the
active ingredient icon (Mo, = 4.52 vs. My icon = 4.46; F(1,
153) = .13, p = .72) were nonsignificant. The icon x active
ingredient sameness interaction was also nonsignificant
(F(1,1,071) = .75, p = .39).

Discussion

Consistent with Hs, Study 3 showed that an intervention
considered by the OTC drug industry to increase the
salience of the active ingredients on the packaging through
icons was relatively ineffective on its own at improving risk
assessments among novice consumers (i.e., consumers
without medical training). Even after they saw the active
ingredient icons, these consumers continued to naively
believe that taking two OTC drugs with the same active
ingredient (i.e., double dosing) was about as safe as taking
two OTC drugs with different active ingredients. In addi-
tion, there was an unexpected trend suggesting that the icon
may have actually made novices less sensitive to active
ingredients in their drug similarity judgments. Though pre-
liminary, this finding could indicate that novices focused on
the icon itself rather than on the active ingredients in the
context of this study. The studies that follow test interven-
tions that go beyond merely trying to increase active ingre-
dient accessibility; they also try to communicate the diag-
nosticity of the active ingredients.

Study 4: Public Service Message

Aim and Participants

In Study 4, we examine whether consumers’ risk judgments
could be improved by a public service message that both
challenges their naive beliefs that OTC drugs are relatively
risk free and educates them that OTC active ingredient
information is diagnostic because taking two drugs concur-
rently with the same active ingredient poses a health risk.
We use a general population sample to increase external
validity.

Adult participants were recruited through a Qualtrics sur-
vey panel. A total of 3,031 invitations to participate were
sent to U.S. residents over three days, with 259 people
clicking the survey link and 160 completing the survey (age
range: 18-78 years; My, = 45.1 years; 50.0% female;
41.3% held a bachelor’s degree or higher). One participant
failed to complete the subjective knowledge measure and
was excluded from the main analysis.

Design and Stimuli

The study used a 2 (treatment vs. control public service mes-
sage) x 2 (active ingredient same vs. different) x 2 (brand
name same vs. different) x 2 (symptom indicated same vs.
different) mixed design. The message was a between-
subjects factor, and the active ingredient, brand name, and
symptom-indicated sameness were within-subject factors.

The public service message explicitly stated that taking
two OTC drugs together with the same active ingredient
was dangerous (Web Appendix C). We adapted this mes-
sage from existing Food and Drug Administration (2013)
public service messages about OTC drugs. The control
message warned about the dangers of improper storage of
OTC drugs around children and was based on public ser-
vice messages from organizations affiliated with the Cen-
ters for Disease Control and Prevention (www.upandaway.
org; Web Appendix C).

Procedure and Measures

Participants were told that they would be reading pages
from a new online magazine that “specializes in short arti-
cles written by experts that are designed to help people live
better lives” and that they would be asked their opinions
about the articles. Participants then saw four one-page news
articles as well as a one-page public service message on the
third page that was randomly determined to be either the
treatment or control message. The other articles were on
personal finance, food safety, traveling with pets, and
portable speakers and were adapted from Australian news
websites (e.g., www.ninemsn.com.au). After viewing the
pages at their own pace, participants completed a filler task
in which they rated the articles on quality and other attri-
butes. Then, they indicated whether they recalled reading
articles on various topics and a question about recall of an
article about OTC medicines served as an exposure check.

Next, participants were told that they would complete a
different task and were shown the OTC drug rating task
from Studies 2 and 3. They saw eight OTC drug pairs vary-
ing in whether the active ingredient, brand name, and/or
symptom indicated were the same or different, and then
they rated the drug pairs on similarity (average oo = .96) and
concurrent use risk (average o = .70). Finally, they com-
pleted the subjective knowledge measure used previously
(oo = .83) and reported their demographics.

Analyses and Results

Analyses

We analyzed the data using mixed-model analyses of
covariance with the public service message (treatment vs.
control) as the between-subjects factor; active ingredient,



brand name, and symptom-indicated sameness (same Vvs.
different) as within-subject factors; and a continuous
covariate representing expertise, which used the subjective
knowledge measure. Reported means were adjusted for the
continuous expertise covariate (M = 4.38). The models
included all main effects and the interactions for message x
active ingredient sameness, message x expertise, active
ingredient sameness x expertise, and message x active
ingredient sameness x expertise.

Exposure Check

On average, 87% of the participants correctly recalled see-
ing the public service message about OTC drugs to which
they had been exposed. Restricting the data to those who
reported correct recall did not change the findings, and so
the following analyses include the full sample.

Similarity Judgments

Similarity judgments increased when the drug pair had the
same (vs. a different) active ingredient (Mgame ingredient =
5.88 wvs. Mdiff‘ ingredient = 379, F(], 1,107) = 4786, p <
001), same (vs. a different) brand name Mg, me prand = J-13
vs. Myiff. brana = 4-55; F(1, 1,107) = 45.69, p < .001), or
same (vs. a different) symptom indicated (Mgame symptom =
5.39 vs. Migr. symptom = 4295 F(1, 1,107) = 166.38, p <
001). The expertise main effect was significant (F(1, 155) =
7.77, p < .01), but the public service message main effect
was not Myeatment = 4-79 vs. Mconwol = 4.89; F(1, 155) =
011, p = 92).

In addition, there was a public service message x active
ingredient sameness interaction (F(1, 1,107) = 6.38, p =
012). When the drug pair contained the same (vs. a differ-
ent) active ingredient, similarity judgments increased with
both the treatment and control messages, but the effect was
larger for the treatment message (Mireatment_same ingredient =
5.98 V8. Mireatment_dift. ingredient = 3.60; t(1,107) = 20.12, p <
.001) than for the control message (Mcontrol_same ingredient =
5.79 vs. Mcontrol_ditt. ingredient = 3.98; 1(1,107) = 14.84, p <
.001) (Figure 3, Panel A). Message x expertise (F(1, 155) =
02, p = 90), active ingredient sameness x expertise (F(1,
1,107) = 39, p = .53), and the three-way interaction (F(1,
1,107) = 2.54, p = .11) were all nonsignificant.

Concurrent Use Risk Judgments

When the drug pair had the same (vs. different) symptom
indicated, this increased concurrent use risk judgments
(Msame symptom = 4.65 vs. Mdiff. symptom = 4.45; F(1,1,107) =
5.35, p = .021). The main effects for active ingredient same-
ness (Msame ingredient = 5.02 vs. Mdiff. ingredient = 4.08; F(1,
1,107) = 93, p = .34), brand name sameness (Mg,me brand =
4.54 vs. Myift. prana = 4-56; F(1, 1,107) = .02, p = .89), mes-
sage (Mieatment = 4-63 vS. Mconiol = 4.47; F(1, 155) = .77,
p = .38), and the expertise covariate (F(1, 155) = .00, p =
99) were nonsignificant. Message x expertise (F(1, 155) =
33, p = .57) and the three-way interaction were also non-
significant (F(1, 1,107) = 2.11, p = .15).

However, there was a public service message x active
ingredient sameness interaction (F(1, 1,107) = 942, p <
01). Concurrent use risk judgments increased when active
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Figure 3. Effects of the Same (vs. Different) Active
Ingredients in the Treatment and Control Message
Conditions in Study 4
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ingredients were the same (vs. different) for both messages,
but the effect was more pronounced for the treatment mes-

Sage (Mu‘eatment_same ingredient = 5.35vs. Mtreatment_diff. ingredient =
3.92; t(1,107) = 11.70, p < .001) than for the control mes-

sage (Mcontrol_same ingredient = 4.69 vs. Mcontrol_diff. ingredient =
4.24;t(1,107) = 3.63, p < .001) (Figure 3, Panel B).

Finally, there was an active ingredient sameness x exper-
tise interaction (F(1, 1,107) = 593, p = .015). We used
floodlight analyses (Spiller et al. 2013) to identify the
region of expertise (range: 1 to 7; M = 4.38, SD = 1.42) in
which the simple effect of active ingredient sameness was
significant. We found that the turning point from nonsignif-
icance to significance (i.e., the Johnson—-Neyman point) for
the effect of active ingredient sameness was at an expertise
score of 3.65 (for a graph, see Web Appendix D). In other
words, for participants with expertise scores of 3.65 or
lower, active ingredient sameness (vs. difference) had no
impact on concurrent use risk judgments. For participants
with expertise scores greater than 3.65, active ingredient
sameness (vs. difference) increased concurrent use risk
judgments.

Discussion

Study 4 tested a public service message that expressly
stated that taking two OTC drugs with the same active
ingredient was dangerous. Consistent with Hg, the findings
indicate that this message weakened the naive belief that
OTC drugs were relatively risk free and enhanced the per-
ception of the active ingredient as diagnostic in assessing
the risk of taking two OTC drugs concurrently. Specifically,
participants who saw the intervention message correctly
judged that double dosing or using two OTC drugs with the
same active ingredient (vs. different active ingredients)
increased risk. Participants who saw the control message
judged that using two OTC drugs with the same (vs. differ-
ent active ingredients) active ingredient increased risk, but
to a significantly lesser degree.

Notably, in our prior studies, novices did not judge that
using two OTC drugs with the same (vs. different) active
ingredients increased risk. However, in this study we
recruited from the general population, and some of the
participants had greater OTC drug expertise, as our sub-
jective knowledge measure indicated. A floodlight analy-
sis showed that participants who reported greater expertise
correctly judged that taking two drugs with the same
active ingredient (vs. different active ingredients)
increased risk, while participants who reported less exper-
tise did not.

However, the effect of the public service message did not
depend on level of subjective expertise, as the nonsignifi-
cant three-way message x active ingredient sameness X
expertise interaction indicated. That is, participants bene-
fited from the public service message similarly, regardless
of their subjective, self-reported OTC drug expertise. How-
ever, experts with formal medical training (e.g., medical
and nursing students such as those in our previous studies)
may be less likely to benefit from these types of interven-
tions. In our final study, we test the impact of a similar mes-
sage on the drug packaging.

Study 5: Warning on Package

Aim and Participants

Study 5 tests a warning message on the OTC drug packag-
ing that explicitly tells consumers that they should not
take two OTC drugs with the same active ingredient con-
currently because doing so could be harmful. The warning
aimed to increase the diagnosticity of active ingredient
information for judging concurrent use risk by dispelling
the naive belief that OTC drugs were relatively risk free.
In this study, for parsimony, we did not vary whether the
active ingredient in two drugs was the same versus differ-
ent. Instead, we focused on consumers contemplating con-
current use of two OTC drugs with the same active ingre-
dient and studied the efficacy of an on-package warning
not to do so.

We again used a general population sample to increase
external validity. Adult participants were recruited through
a Qualtrics survey panel. A total of 8,069 invitations were
sent to U.S. residents over three days, with 1,231 people
clicking the survey link and 159 completing the survey (age
range: 19-83 years; My, = 46.3 years; 50.3% female;
45.9% held a bachelor’s degree or higher).

Design and Stimuli

This study used a one-factor, between-subjects design with
participants randomly assigned to one of two message con-
ditions (warning present vs. absent). Each participant saw
the same pair of OTC drugs that contained the same active
ingredient, naproxen sodium, but the drugs had different
brand names (Aleve or Sudafed) and different symptoms
indicated (pain or congestion). Participants viewed the front
and the back of the retail packaging for each drug, and the
packaging did or did not include a warning in the Drug
Facts Label.

Specifically, in the warning present condition, both drug
packages included the following: (1) a black hexagon with
red text stating, “Read First,” and (2) black text highlighted
in yellow stating, “Taking too much naproxen sodium can
harm you. Follow instructions and do not take more than
one drug that contains naproxen sodium at a time.” These
warnings appeared at the top of the warning section, imme-
diately below the active ingredient section (Figure 4). In the
warning absent condition, the same drug pair was used but
the packages lacked this warning.

Procedure and Measures

Participants rated the pair of drugs using the same measures
of similarity (o = .96) and concurrent use risk (o = .56) that
we used previously. Participants were then asked to com-
plete the same subjective knowledge measure (o = .84) and
to provide their demographics.

Analyses and Results

We analyzed the data using an ANOVA with a between-
subjects factor representing the message condition (warn-
ing present vs. warning absent). We excluded the expertise
(subjective knowledge) measure from the analysis because
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Figure 4. OTC Drug Packages with the Warning Message Used in Study 5
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it did not interact significantly with the message condi- Similarity and Concurrent Use Risk Judgments

tion. This result is consistent with Study 4, which also The two OTC drugs were judged as more similar when the
indicates that the efficacy of a public service message did packaging contained the warning message (Mpegsage = 5-70)
not depend on subjective expertise. Previously, we found versus when it did not (M, message = 5.00; F(1, 157) = 7.95,
that expertise affected whether the same versus different p < .01). In addition, participants judged the riskiness of taking
active ingredient affected risk judgments, but here this the two OTC drugs concurrently to be higher when the pack-
factor was held constant; this focal drug pair had the same aging contained the warning message (Myegsage = 5.07) versus
active ingredient. when it did not (Mg megsage = 5013 F(1, 157) = 8.34, p < 01).
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Discussion

Study 5 examined the efficacy of including a warning mes-
sage on OTC drug packaging that stated that taking two
drugs with the same active ingredient concurrently was
harmful. We found that including this warning, which
focused on active ingredient diagnosticity and challenged
the naive belief about OTC drugs being nonrisky, was effi-
cacious, consistent with Hg. Consumers who saw the drug
packaging with this warning judged the risk of double dos-
ing on the active ingredient to be higher compared with
those who saw the standard drug packaging.

General Discussion

Across five studies, we investigate consumers’ beliefs about
OTC drugs and their judgments about whether it is safe to
take two OTC drugs that have the same active ingredient
concurrently. Our findings indicate that novice consumers
(e.g., consumers without medical training) incorrectly think
that it is equally safe to take two OTC drugs that have the
same or different active ingredients concurrently. In other
words, most consumers without medical training do not
seem to understand the risk of double dosing on OTC
drugs’ active ingredients, consistent with their holding the
naive belief that OTC drugs are relatively risk free.

We also evaluated two fundamentally different types of
interventions for addressing this problem: interventions that
increase only the accessibility or salience of OTC drug active
ingredient information on the packaging and interventions
that also increase the diagnosticity or relevance of active
ingredient information by expressly stating that concurrently
taking two OTC drugs with the same active ingredient can be
harmful. Some of the interventions being considered by the
OTC drug makers and regulators focus on salience. For
example, using package icons to signal active ingredients
such as acetaminophen (Kuffner 2010) could make it easier
for consumers to see which drugs have the same active ingre-
dient; they could simply look for matching icons. However,
our results suggest that adding active ingredient icons with-
out educating consumers as to their meaning may not have a
straightforward effect. Instead, the icons seemed to make par-
ticipants less sensitive to whether two OTC drugs had the
same or different active ingredients when they made drug
similarity judgments. In our study, consumers focused on the
icons per se rather than on the active ingredients. Most
importantly, icons had no effect on consumers’ judgments of
concurrent drug use risk when employed alone in our study.

Our results suggest that interventions should also include
efforts to make OTC drugs’ active ingredient information
more diagnostic. For example, public service messages or
warnings on packages could expressly state that consumers
should avoid concurrently taking two OTC drugs with the
same active ingredient (King et al. 2011). Consumers who
saw messages and warnings of this type in our studies more
appropriately judged the risk of taking two OTC drugs con-
currently to be higher when the drugs contained the same
(vs. different) active ingredients.

Theoretical and Methodological Contributions

This research makes theoretical contributions by utilizing
theories about information accessibility and diagnosticity

(Feldman and Lynch 1988) and consumers’ naive beliefs
(e.g., Deval et al. 2013) to better understand the decision-
making processes that consumers use to evaluate OTC
risks. We found evidence that consumers’ naive beliefs
were related to misperceptions of attribute diagnosticity.
Consumers held the naive belief that OTC drugs were rela-
tively risk free and failed to appreciate the diagnosticity or
relevance of OTC drugs’ active ingredients for assessing the
risk of taking two drugs concurrently.

Thus, these studies build on prior work examining con-
sumers’ naive beliefs, including beliefs about health (Hugh-
ner and Kleine 2008) and Eastern and Western medicine
(Wang, Keh, and Bolton 2010). In addition, we add to the
evidence that naive beliefs are malleable (Deval et al. 2013)
and can be corrected through public service messages and
warnings. However, we also find that corrective efforts
should explicitly address the specific beliefs to be effective
(e.g., state that concurrently taking OTC drugs with the
same active ingredient is risky). Simply drawing attention
to active ingredients on the packaging may not be enough in
isolation.

This research also makes methodological contributions
by demonstrating a different approach to measuring product
attribute accessibility and diagnosticity. Specifically, we
measured accessibility by asking participants to judge the
similarity of drug pairs with the same (vs. different) active
ingredients. If they considered active ingredients in their
similarity judgments, this implied that the information was
accessible to them. Correspondingly, we measured diagnos-
ticity by asking participants to judge the concurrent use risk
of taking two drugs with the same (vs. different) active
ingredients. If they considered active ingredients in their
risk judgments, this implied that they perceived the infor-
mation to be diagnostic of risk. In addition, our work
demonstrates how comparing the thoughts and judgments
of novices relative to experts can help identify novices’
incorrect perceptions of attribute diagnosticity and their
related naive beliefs. These approaches might be useful in
further research.

Policy and Practical Implications

This article has important implications for the OTC drug
industry as well as for policy makers. First, this research
reinforces previous work suggesting that novice consumers
show relatively low awareness or consideration of the
active ingredients in OTC drugs (Hanoch et al. 2007;
National Council on Patient Information and Education
2002). Importantly, our research also highlights that the
problem may go beyond a simple lack of attention to active
ingredients and may instead require educating consumers
that overdosing on OTC drugs’ active ingredients is risky
and should be avoided. Therefore, interventions should
emphasize that (1) the active ingredients in OTC drugs are
diagnostic or relevant to risk, (2) these active ingredients
should not be taken in excess, (3) even merely double dos-
ing on active ingredients is risky, and (4) double dosing can
occur even when consumers take two separate medications
with different brand names and symptom-based indications.

Furthermore, our results provide evidence that efficacious
interventions can be successfully implemented both on and
off the product packaging. Public service messages can be



used and/or warnings can appear on the OTC drug packag-
ing itself. For example, we found evidence that consumers
benefited from a warning that was added to the Drug Facts
Label on the back of the package, in the designated warning
section. The warning explicitly told consumers not to com-
bine two drugs containing the same active ingredient. We
found that a proposed OTC drug active ingredient icon sys-
tem that lacks this explicit warning could be ineffective if
used in isolation. Thus, our results suggest that the OTC
drug industry could supplement or modify some of their pro-
posed interventions (Kuffner 2010) with ones that explicitly
tell consumers that they should not concurrently take OTC
drugs with the same active ingredient (e.g., King et al.
2011). Our on-package warning could serve as a useful basis
for a possible intervention (Figure 4; for other potential
approaches, see King et al. 2011).

More broadly, our research contributes to the ongoing
discussion of best practices for developing product warn-
ings (Argo and Main 2004; Cox et al. 1997; Stewart and
Martin 1994). It suggests that warnings and other interven-
tions may be most effective when they precisely address the
area of consumer misunderstanding, such as directly dis-
pelling a naive belief about product riskiness. As such, it is
necessary for practitioners and policymakers to ensure that
they have a clear understanding of the specific reasons
underlying consumer misunderstanding or confusion and
develop interventions that target these specific issues. In the
context of drug package labeling, which is tightly regulated
by the FDA, it is important that any new requirements be
optimized and based on empirical evidence (Stewart and
Martin 1994). The current work suggests a strategy for
meeting this standard to address the previously identified
public health problem of double dosing with OTC drugs.

Limitations and Further Research

Additional research would be useful to further explore the
effects of these and other OTC drug interventions. First, it
would be worthwhile to study whether and how these inter-
ventions affect consumer comprehension of other aspects of
the Drug Facts Label. Doing this would help minimize the
possibility of unintended consequences (Stewart and Martin
1994). One limitation of our research is that many of our
participants were relatively well educated, and the OTC
drug packaging was readily available to them when making
judgments. Thus, for example, we may have overestimated
consumer response to the on-package warning. Further-
more, although we used realistic OTC packaging, we sim-
plified our stimuli to include only a single active ingredient.
Results may vary when consumers see drug packages that
list two or more active ingredients. Further research should
investigate consumers’ OTC drug decisions in more varied
populations and in more naturalistic settings, including
actual behavior.
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LIST OF OTC DRUG PAIRS USED IN STUDIES 2, 3, AND 4

WEB APPENDIX A

Same or
Pair OTC Drug 1 OTC Drug 2 Different
1 | Brand Motrin Brand Benadryl Different
Symptom | Pain Reliever Symptom Allergy Different
Ingredient | Ibuprofen Ingredient Diphenhydramine Different
2 | Brand Motrin Brand Motrin Same
Symptom | Nighttime Sleep-Aid Symptom Pain Reliever Different
Ingredient | Diphenhydramine Ingredient Ibuprofen Different
3 | Brand Sudafed Brand Benadryl Different
Symptom | Allergy Symptom Allergy Same
Ingredient | Phenylephrine Ingredient Diphenhydramine Different
4 | Brand Robitussin Brand Excedrin Different
Symptom | Nasal Relief Symptom Pain Reliever Different
Ingredient | Acetaminophen Ingredient | Acetaminophen Same
5 | Brand Sudafed Brand Robitussin Different
Symptom | Cough Symptom Cough Same
Ingredient | Dextromethorphan Ingredient Dextromethorphan Same
6 | Brand Aleve Brand Aleve Same
Symptom | Cold Symptom Pain Reliever Different
Ingredient | Naproxen Sodium Ingredient Naproxen Sodium Same
7 | Brand Excedrin Brand Excedrin Same
Symptom | Pain Reliever Symptom Pain Reliever Same
Ingredient | Aspirin Ingredient Acetaminophen Different
8 | Brand Benadryl Brand Benadryl Same
Symptom | Allergy Symptom Allergy Same
Ingredient | Diphenhydramine Ingredient Diphenhydramine Same




WEB APPENDIX B

EXAMPLE OF OTC DRUG PACKAGING USED IN STUDIES 2, 3, AND 4

Drug Facts Drug Facts (continued)

|Active ingredients (in each tablet) Purpose | When using this product
* take with food or milk if stomach upset occurs

200meg. Pain reliever a
the risk of heart attack or stroke may increase if you use more than

Uses directed or for longer than directed
- temporarily eligves miner sches and paing dus 1o Stop use and ask a dactor if
- headache =muscular aches = minos pain of anhritis = » vou experience any of the following signs of stomach bieeding:
tocthache -feeifaint +vomitblood «have bloody or black stocls
-backsche  «thecommon cold  «menstual cramps - have stomach pain that does not get betzer
|- temporarily reduces fever + pain gets worse or lasis more than 10 days
Warnings » fever gets worse or lasts more than 3 days
Aliergy alert: Ibuprofen may cause a severe allergic reaction, =y Fave difiouliy swallowing
lespecially in people allergic to aspirin. Symptoms may include: + it feels like the pill s stuck in your throat
-hives - facial swelling - asthma (wheezing) - shock [ redness or swelling Is present in the palnful area
- skinreddening - rash - blisters - any new symptoms sppear
if an allergic reaction occurs, stop use and seek medical helpright  |if pregnant or breast-feeding, ask a heaith professional befoore use.
away. Iz is especially IMPOMENTt NOT T0 USe NEproxen sodium during the |ast|
Stomach bleeding waming: This product contains an NSAID, which may |5 monthe of pregnancy unless dafinitely diraced to do so by 3 docor
cause severe stomach bleeding. The chance is higher if you: because it may cause problems in the unbom child or complications
» are age 60 or older during the celivery.
» have had stomach ulcers or bleeding problems Keep out of reach of children.
* tzke @ biood thinning (anticosgulant) or steroid diug In case of overdose, get medical help or contact a Polson Control
» take other drugs containing prascription or nonprescription NSAIDs JCenter rigneaway.
(2spirin, iouproten, naproxen, or others) Directions

+ have 3 or more sicaholic drinks every day while using this product
s take more of or & longer period of Time than dirsced

Do not use:

- it you have sver had 2n allergic reaction to scetaminaphen, 35pin, | aauis ana cnildren 12 years an over

» do not take more than directed
the smallest effective dose should be used

or any other pain relieverfever reducer stake 1 taplet every 4 to & hours while symptoms persist

- right bafore or atter heart surgary =il pain or fever does not respond to 1 tablet, 2 1ablets may be
Ask a dactor before use it usea

 vou have problems or serious side effects from taking pain «do not exceed G TaBIETin & 24 hour period, unless directed by
retisvers or feuer reducers & doctor

= the stemach bleeding warning applies 1o you
» vou have & histary of stomach problems, such as hearnburn

Idren under 12 yesrs

g ) [+ you BRve high Blood pressure, NEaI disease, liver firhosis, o sl Ak
B - kidney disesse P n
Ibuprofen Tablets e A e e
p = I « you are taking a diuretic - store at controlled room temperature 20-25 (68°-77F
" = | j Ak a doctor or pharmacist before use if you are Inactive ingredients carnauba wax, collidal silicon dioxide, com
| - taking aspirin for heart attack or stioke, because ivuprofen may  Jearch, FDEC yeliow #6, i,
decrease this benefit of aspirin ctearate, poiy i el 2

» under a doctor's care for any serious condition ropylene glycol, shellac, stearic aci nium dicxide
- taking any ether drug ILLE—W ¥ 1. 600 e

Drug Facts Drug Facts (continued)

lactive ingredients (in each tablet} Purpose  |Directions
i ine HCI 25mg. Aritih » if needed, repeat dose every 4 to & hours
» do not take more than 6 times in 24 hours

Uses

- temporarify relieves these sypmioms due 1o hay fever or other
respiratory alleigies:

= runny nose  ssneeting s itchy, wateryeyes  sitching of the

nose urthr.out . » children & to under 12 yezrs of age
= temporarily relieves these sypmtoms due to the commen cold: 1 gelcap
| runny nose_» sneezi

» aduits and children 12 years and over
vl 2gelczps

s sneezing
Warnings = children under & years of age
Do not use: 00 NOL USE This product in children under 6 yEars of ags
= to make a child sleepy (Other i, He
Diphenhydramine HCI | Anfihistaming Rt (oL rinformation
P Y | wu:.an\f other product containing diphenhydramine, even one used « each galeap containe; calcium 35mg

lon skin ~ .
[Ask a doctor before use if you have - stere at controlled room temperature 207257 (58 77F). Avoid high
= glaucoma W' -
- trouble urinating due to an enlarged prostate gland Inactive ingredients benzyl alconol, butylparaben,
- a breathing problem such ss emphysema or chrenic bronchitis carboxymethylcellulose sodium, com starch, DEC red #28, DEC yellow
[Ack a dactor or pharmacist before use if you are taking sedatives or #10, edetate calcium disodium, FDEC biue #1, FDEC biue #2, FDAC red
tranquilizers 240, gelatin, hyp liose, magnesium stearate, methy .

" KAPBELS & 25 M5 ExCH When using this product roc i lulose, B siyeal, 80,

4 Jel Con gl + marked drowsiness may occur propylparaben, red iron oxide, sodium citrate, sodium lauryl sulfete,

» avoid alconolic drinks sodium propionate, sodium starch glycolate, titanium dioxide,
» alcohol, sedatives, and 1k may Increase
» be careful when driving & motor vehicie or ¥ P 1-877-717-2824

= excitability may ocour, especially in children

if pregnant or breast-feeding, ask a heaith professional befoore use.
Keep out of reach of children. In case of overdose, get medical help
or contact a Poison Contral Center right away.

Note: Labels were presented in a format sufficiently large to permit reading of text.



WEB APPENDIX C
PUBLIC SERVICE MESSAGES USED IN STUDY 4

Treatment Message

Over-the-Counter Medicines _

Incorrect usage of over-the-counter medicines can have severe
Consequences.

@ Check the active ingredients when
taking more than one medication

Medication 1 Medication 2

—
} 1
| Active Ingredient A + Active Ingredient A | - Danger

Don’t take both if the ingredients are the same

Though OTC medications are safe when used properly, many
people end up in emergency departments every year because

they took two or more medicines containing the same active
ingredient.

But you can avoid these negative outcomes by:
* never taking more of a medicine than directed.

never taking more than one medicine containing the
same active ingredient.

For mare information, ask your pharmacist, doctor, or nurse.

Control Message

Over-the-Counter Medicines _

Incorrect storage of over-the-counter medications can have
SEVEre CONSequences.

Always make sure medications are
stored up and away from children
Unsupervised Medicine

children —
= Danger

Don’t allow children unsupervised access to medicine

Though OTC medications are safe when used properly, many
young children end up in emergency departments every year
because they got into medicines while their parent or
caregiver was not looking.

But you can avoid these negative outcomes by:
* never allowing children to use medicines
unsupervised.

never keep medicines in areas that can be reached by
children.

For more information, ask your pharmacist, doctor, or nurse.



WEB APPENDIX D
EFFECTS OF THE SAME (VS. DIFFERENT) ACTIVE INGREDIENTS ON
CONCURRENT USE RISK JUDGMENTS BASED ON PARTICIPANT

EXPERTISE IN STUDY 4

3.65

Active Ingredient Same

Active Ingredient Different

Predicted Concurrent Use Risk Judgment
I

1 T T T T T T
1 2 3 4 5 6 7

Expertise Level

Notes: The simple effect of active ingredient sameness (same vs. different) on concurrent
use risk judgment is significant (p <.05) for values of expertise above 3.65 based on a
subjective knowledge measure. Predicted values for this active ingredient sameness x
expertise interaction also reflect the average marginal effects of the other dichotomous
variables in the full model (intervention, brand name sameness, and symptom indicated

sameness).
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